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ABSTRACT
�e medical profession incorporates both the science of medicine as well as 
the art of being a physician. Physicians cannot help patients unless they are 
well-grounded in the latest information about medical diagnosis and therapy, 
which increasingly is based on randomized clinical trials as well as speci�c 
information about the genetics and genomics of individual patients. However, 
this scienti�c expertise must also be applied in the context of understanding 
the patient as an individual person. In applying both scienti�c knowledge and 
medical professionalism, the physician must also recognize the importance 
of social justice as well as how to advocate for and help each individual patient 
in the context of broader societal issues.
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Many patients, however, have undiagnosed symptoms, signs, or laboratory 
abnormalities that cannot be immediately ascribed to a particular disease or 
cause. Whether the initial manifestation is chest pain (Chapter 45), diarrhea 
(Chapter 131), neck or back pain (Chapter 372), or a variety of more than 
100 common symptoms, signs, or laboratory abnormalities, Goldman-Cecil 
Medicine provides tables, �gures, and entire chapters to guide the approach 
to diagnosis and therapy (see E-Table 1-1 or table on inside back cover). By 
virtue of this dual approach to known disease as well as to undiagnosed abnor-
malities, this textbook, similar to the modern practice of medicine, applies 
directly to patients regardless of their mode of manifestation or degree of 
previous evaluation.

�e patient-physician interaction proceeds through many phases of clinical 
reasoning and decision making. �e interaction begins with an elucidation 
of complaints or concerns, followed by inquiries or evaluations to address 
these concerns in increasingly precise ways. �e process commonly requires 
a careful history or physical examination, ordering of diagnostic tests, inte-
gration of clinical �ndings with test results, understanding of the risks and 
bene�ts of the possible courses of action, and careful consultation with the 
patient and family to develop future plans. Physicians can increasingly call on 
a growing literature of evidence-based medicine to guide the process so that 
bene�t is maximized while respecting individual variations in di�erent patients. 
�roughout Goldman-Cecil Medicine, the best current evidence is highlighted 
with speci�c grade A references that can be accessed directly in the electronic  
version.

�e increasing availability of evidence from randomized trials to guide the 
approach to diagnosis and therapy should not be equated with �cookbook� 
medicine.14 Evidence and the guidelines that are derived from it emphasize 
proven approaches for patients with speci�c characteristics. Substantial clinical 
judgment is required to determine whether the evidence and guidelines apply 
to individual patients and to recognize the occasional exceptions. Even more 
judgment is required in the many situations in which evidence is absent or 
inconclusive. Evidence must also be tempered by patients� preferences, although 
it is a physician�s responsibility to emphasize evidence when presenting alter-
native options to the patient. �e adherence of a patient to a speci�c regimen 
is likely to be enhanced if the patient also understands the rationale and evi-
dence behind the recommended option.

To care for a patient as an individual, the physician must understand the 
patient as a person. �is fundamental precept of doctoring includes an under-
standing of the patient�s social situation, family issues, �nancial concerns, and 
preferences for di�erent types of care and outcomes, ranging from maximum 
prolongation of life to the relief of pain and su�ering (Chapters 2 and 3). If 
the physician does not appreciate and address these issues, the science of 
medicine cannot be applied appropriately, and even the most knowledgeable 
physician will fail to achieve the desired outcomes.

Even as physicians become increasingly aware of new discoveries, patients 
can obtain their own information from a variety of sources, some of which 
are of questionable reliability. �e increasing use of alternative and comple-
mentary therapies (Chapter 34) is an example of patients� frequent dissatisfac-
tion with prescribed medical therapy. Physicians should keep an open mind 
regarding unproven options but must advise their patients carefully if such 
options may carry any degree of potential risk, including the risk that they 
may be relied on to substitute for proven approaches. It is crucial for the 
physician to have an open dialogue with the patient and family regarding the 
full range of options that either may consider.

Another manifestation of problematic interactions and care is medical mal-
practice litigation, which commonly is a result of both suboptimal medical 
care and suboptimal communication (Chapter 10). Of note is that about 1% 
of all physicians account for 32% of paid malpractice claims nationally,15 thereby 
suggesting that individual physician characteristics are important and address-
able contributors.

�e physician does not exist in a vacuum, but rather as part of a complicated 
and extensive system of medical care and public health. In premodern times 
and even today in some developing countries, basic hygiene, clean water, and 
adequate nutrition have been the most important ways to promote health and 
reduce disease. In developed countries, adoption of healthy lifestyles, including 
be�er diet (Chapter 202) and appropriate exercise (Chapter 13), is the cor-
nerstone to reducing the epidemics of obesity (Chapter 207), coronary disease 
(Chapter 46), and diabetes (Chapter 216). Public health interventions to 
provide immunizations (Chapter 15) and to reduce injuries and the use of 
tobacco (Chapter 29), illicit drugs (Chapter 31), and excess alcohol (Chapter 
30) can collectively produce more health bene�ts than nearly any other imag-
inable health intervention.

e�ects or interactions that can then guide molecular analyses that con�rm 
new risks or even genetic diseases.8 Although it is too soon to know whether 
patients would routinely bene�t from sequencing and analysis of their exome 
or full genome, such information is increasingly becoming a�ordable and 
more accurate, with potential usefulness for identifying mendelian disease 
pa�erns9 and informing reproductive planning to avoid autosomal recessive 
diseases. Despite much hope, however, genetic pro�ling has had very limited 
positive impact on drug selection and dosing.

�is explosion in medical knowledge has led to increasing specialization 
and subspecialization, de�ned initially by organ system and more recently by 
locus of principal activity (inpatient vs. outpatient), reliance on manual skills 
(proceduralist vs. nonproceduralist), or participation in research. Nevertheless, 
it is becoming increasingly clear that the same fundamental molecular and 
genetic mechanisms are broadly applicable across all organ systems and that 
the scienti�c methodologies of randomized trials and careful clinical observa-
tion span all aspects of medicine.

�e advent of modern approaches to managing data now provides the 
rationale for the use of health information technology. Computerized health 
records, o�entimes shared with patients in a portable format, can avoid dupli-
cation of tests, assure that care is coordinated among the patient�s various 
health care providers, and increase the value of health care.10 Real-time elec-
tronic records can also be used to alert physicians about patients whose vital 
signs (Chapter 7) might warrant urgent evaluation to avoid more serious 
clinical decompensation. However, a current downside is that for every hour 
physicians provide direct clinical face time to patients in the o�ce, nearly two 
additional hours may be spent on electronic health records and desk work 
within the work day.11

Extraordinary advances in the science and practice of medicine, which have 
continued to accelerate with each recent edition of this textbook, have trans-
formed the global burden of disease. Life expectancies for men and women 
have been increasing, a greater proportion of deaths are occurring among 
people older than age 70 years, and far fewer children are dying before the 
age of 5 years. In the United States, however, overall life expectancy has sur-
prisingly declined in the last several years. Explanations include obesity-related 
diseases12 as well as so-called deaths of despair owing to alcohol, drugs, and 
suicide.13 Nevertheless, huge regional disparities remain, and disability from 
conditions such as substance abuse, mental health disorders, injuries, diabetes, 
musculoskeletal disease, and chronic respiratory disease have become increas-
ingly important issues for all health systems.

  APPROACH TO THE PATIENT
Patients commonly have complaints (symptoms), but at least one third of 
these symptoms will not be readily explainable by any detectable abnormali-
ties on examination (signs) or on laboratory testing. Even in our modern 
era of advanced diagnostic testing, the history and physical examination are 
estimated to contribute at least 75% of the information that informs the evalu-
ation of symptoms, and symptoms that are not explained on initial compre-
hensive evaluation rarely are manifestations of a serious underlying disease. 
Conversely, asymptomatic patients may have signs or laboratory abnormali-
ties, and laboratory abnormalities can occur in the absence of symptoms or  
signs.

Symptoms and signs commonly de�ne syndromes, which may be the common 
�nal pathway of a wide range of pathophysiologic alterations. �e fundamental 
basis of internal medicine is that diagnosis should elucidate the pathophysi-
ologic explanation for symptoms and signs so that therapy may improve the 
underlying abnormality, not just a�empt to suppress the abnormal symptoms 
or signs.

When patients seek care from physicians, they may have manifestations or 
exacerbations of known conditions, or they may have symptoms and signs 
that suggest malfunction of a particular organ system. Sometimes the pa�ern 
of symptoms and signs is highly suggestive or even pathognomonic for a par-
ticular disease process. In these situations, in which the physician is focusing 
on a particular disease, Goldman-Cecil Medicine provides scholarly yet practical 
approaches to the epidemiology, pathobiology, clinical manifestations, diagno-
sis, treatment, prevention, and prognosis of entities such as acute myocardial 
infarction (Chapter 64), chronic obstructive lung disease (Chapter 82), in�am-
matory bowel disease (Chapter 132), gallstones (Chapter 146), rheumatoid 
arthritis (Chapter 248), hypothyroidism (Chapter 213), and tuberculosis 
(Chapter 308), as well as newly described disorders such as emerging zoo-
noses, small �ber neuropathies, nephrogenic systemic �brosis, mitochondrial 
diseases, autoin�ammatory diseases, and clonal disorders of indeterminate  
potential.
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E�TABLE 1�1	 GUIDE TO THE APPROACH TO COMMON SYMPTOMS, SIGNS, AND LABORATORY ABNORMALITIES
CHAPTER SPECIFIC TABLES OR FIGURES

SYMPTOMS
Constitutional
Fever 264, 265 Figures 265-1, 265-2; Tables 264-1 to 264-8
Fatigue 258 E-Table 258-1
Poor appetite 123 Table 123-1
Weight loss 123, 206 Figure 123-4; Tables 123-4, 206-1, 206-2
Obesity 207 Figure 207-1
Snoring, sleep disturbances 377 Table 377-6
Head, Eyes, Ears, Nose, Throat
Headache 370 Tables 370-1, 370-2
Visual loss, transient 395, 396 Tables 395-2, 396-1
Ear pain 398 Table 398-3
Hearing loss 400 Figure 400-1
Ringing in ears (tinnitus) 400 Figure 400-2
Vertigo 400 Figure 400-3
Nasal congestion, rhinitis, or sneezing 398
Loss of smell or taste 399 Table 399-1
Dry mouth 397 Table 397-7
Sore throat 401 Figure 401-2; Table 401-1
Hoarseness 401
Cardiopulmonary
Chest pain 45, 128 Tables 45-2, 128-5, 128-6
Bronchitis 90
Shortness of breath 45, 77 Figure 77-3
Palpitations 45, 56 Figure 56-1; Tables 45-4, 56-5
Dizziness 45, 56, 400 Figure 56-1; Table 400-1
Syncope 56 Figure 56-1; Tables 56-1, 56-2, 56-4
Cardiac arrest 57 Figures 57-2, 57-3
Cough 77 Figure 77-1; Tables 77-2, 77-3
Hemoptysis 77 Tables 77-6, 77-7
Gastrointestinal
Nausea and vomiting 123 Figure 123-5; Table 123-5
Dysphagia, odynophagia 123, 129 Table 123-1
Hematemesis 126, 144 Figure 126-3; Table 126-1
Heartburn/dyspepsia 123, 128 to 130 Figures 123-6, 129-2; Tables 128-3, 128-4, 130-1
Abdominal pain
  Acute 123, 133 Figures 123-1, 123-2; Tables 123-2, 123-3, 133-1
  Chronic 123, 128 Figure 123-3; Tables 123-2, 129-1
Diarrhea 128, 131 Figures 128-1, 131-1 to 131-4
Melena, blood in stool 126 Figures 126-3, 126-4, 126-6; Table 126-4
Constipation 127, 128 Figures 127-3, 128-1; Table 127-2
Fecal incontinence 136 Figure 136-5
Anal pain 136
Genitourinary
Dysuria 268, 269 Tables 268-3, 268-5, 269-2
Frequency 268 Table 268-3
Incontinence 23 Tables 23-1 to 23-3
Renal colic 117 Figure 117-1
Vaginal discharge 269
Menstrual irregularities 223 Figure 223-3; Tables 223-3, 223-4
Female infertility 223, 227 Table 223-5
Hot �ushes 227 Table 227-1
Erectile dysfunction 221 Figure 221-10
Male infertility 221 Figures 221-8, 221-9; Table 221-7
Scrotal mass 190 Figure 190-1
Genital ulcers or warts 269 Table 269-1
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E�TABLE 1�1	 GUIDE TO THE APPROACH TO COMMON SYMPTOMS, SIGNS, AND LABORATORY ABNORMALITIES�cont�d
CHAPTER SPECIFIC TABLES OR FIGURES

Musculoskeletal
Neck or back pain 372 Figures 372-4, 372-5, 372-6; Tables 372-3 to 372-5
Painful joints 241 Figure 241-1; Tables 241-1, 241-3
Extremities
Swollen feet, ankles, or legs
  Bilateral 45 Figure 45-8
  Unilateral 74 Figure 74-2; Table 74-2
Claudication 71 Table 71-3
Acute limb ischemia 71 Figure 71-4; Table 71-2
Neurologic
Weakness 368, 392 to 394 Tables 368-1, 392-2, 393-2, 393-4
Sensory loss 368, 392 Figure 392-1; Tables 392-1, 392-3 to 392-5
Memory loss 374 Figures 374-1, 374-2; Tables 374-1 to 374-6
Abnormal gait 368 Table 368-2
Seizures 375 Tables 375-1 to 375-6
Integumentary
Abnormal bleeding 162 Table 162-1
Rash 407, 412 Figure 407-1; Tables 407-1 to 407-6, 412-5
Hives 237, 411 Figure 237-2; Tables 237-1, 411-1, 411-2
Abnormal pigmentation 412 Table 412-2
Alopecia and hirsutism 413 Tables 413-1, 413-3
Nail disorders 413 Table 413-4
SIGNS
Vital Signs
Fever 264, 265 Figure 265-1; Tables 264-1 to 264-8, 265-2
Heat illness/hyperthermia 101 Tables 101-1 to 101-3
Hypothermia 7, 101 Tables 101-4 to 101-6
Tachycardia/bradycardia 7, 56, 58, 59 Figures 56-2, 56-3; Tables 58-4, 59-2
Hypertension 70 Tables 70-3, 70-7 to 70-11
Hypotension/shock 7, 98 Figures 98-3, 100-1; Tables 98-1, 99-1, 99-2
Altered respiration 7, 80, 96 Tables 80-1, 80-2, 96-2
Head, Eyes, Ears, Nose, Throat
Eye pain 395 Table 395-3
Red eye 395 Tables 395-4, 395-6
Dilated pupil 396 Figure 396-4
Nystagmus 396 Table 396-4
Papilledema 396 Table 396-2
Strabismus 396 Figure 396-6
Jaundice 138 Figure 138-2; Tables 138-1 to 138-3
Rhinitis 398 Table 398-3
Sinusitis 398 Tables 398-1, 398-2, 398-4, 398-5
Oral ulcers and discolorations 397 Tables 397-1 to 397-4
Salivary gland enlargement 397 Table 397-6
Neck
Neck mass 181 Figure 181-3
Lymphadenopathy 159 Tables 159-1 to 159-4
�yroid nodule 213 Figure 213-5
�yromegaly/goiter 213 Figures 213-2, 213-3
Breast
Breast mass 188
Lungs
Wheezes 77 Table 77-4
Cardiac
Heart murmur or extra sounds 45 Figure 45-5; Tables 45-7, 45-8
Jugular venous distention 45 Table 45-6
Carotid pulse abnormalities 45 Figure 45-4
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E�TABLE 1�1	 GUIDE TO THE APPROACH TO COMMON SYMPTOMS, SIGNS, AND LABORATORY ABNORMALITIES�cont�d
CHAPTER SPECIFIC TABLES OR FIGURES

Abdomen
Hepatomegaly 137 Figure 137-5
Splenomegaly 159 Table 159-5
Acute abdomen 133, 134 Figure 134-1; Table 133-1
Abdominal swelling/ascites 133, 144 Table 144-3
Rectal bleeding/positive stool 126, 184 Figures 126-3, 126-4, 126-6; Table 126-4
Hemorrhoids 136 Table 136-1
Musculoskeletal/Extremities
Arthritis 241 Figure 241-1
Edema 45 Figure 45-7
Cyanosis 45
Clubbing 45
Neurologic
Delirium 25 Figure 25-1; Tables 25-1, 25-2
Psychiatric disturbances 369 Tables 369-1 to 369-4, 369-6 to 369-8, 369-10, 369-11, 

369-13, 369-14
Coma 376 Tables 376-1 to 376-4
Stroke 379, 380 Figure 379-1; Tables 379-2, 379-3, 379-5, 379-6, 380-5, 380-6
Movement disorders 381, 382 Tables 381-4, 382-1 to 382-8
Neuropathy 392 Tables 392-1 to 392-4, 392-6
Skin and Nails
Suspicious mole 193 Table 193-1
Nail diseases 413 Table 413-4
COMMON LABO�TORY ABNORMALITIES
Hematology/Urinalysis
Anemia 149 Tables 149-2 to 149-6
Polycythemia 157 Table 157-4
Leukocytosis 158 Figure 158-4; Table 158-1
Lymphocytosis 158 Table 158-3
Monocytosis 158 Table 158-2
Eosinophilia 161 Figure 161-1; Table 161-1
Neutropenia 158 Figure 158-7; Tables 158-4 and 158-5
  With fever 265 Figure 265-1
�rombocytosis 157 Table 157-5
�rombocytopenia 163 Figure 163-1; Tables 163-1, 163-3
Prolonged PT or P� 162 Figure 162-4
Urinalysis 106, 112 Tables 106-2, 112-6
Chemistries
Abnormal liver enzymes 138 Figures 138-1 to 138-3
Elevated BUN/creatinine
  Acute 112 Figure 112-1; Tables 112-1 to 112-5
  Chronic 121 Table 121-1
Hyperglycemia 216 Tables 216-1, 216-2
Hypoglycemia 217 Tables 217-1, 217-2
Electrolyte abnormalities 108, 109 Figures 108-3, 108-4; Tables 108-7, 109-3
Acid-base disturbances 110 Figures 110-1 to 110-3; Tables 110-1 to 110-7
Hypercalcemia 232 Figure 232-3; Tables 232-2 to 232-4
Hypocalcemia 232 Figure 232-4; Table 232-6
Hypo- and hyperphosphatemia 111 Tables 111-2, 111-3
Magnesium de�ciency 111 Table 111-1
Elevated P��2 80 Figure 80-2
Chest Radiograph/ECG
Solitary pulmonary nodule 182 Figure 182-2
Pleural e�usion 92 Tables 92-3 to 92-5
ECG abnormalities 48 Tables 48-2 to 48-5
BUN � blood urea nitrogen; ECG � electrocardiogram; PT � prothrombin time; P� � partial thromboplastin time.



physicians and health care providers is based on objective measures of quality 
and outcome, channeling of patients to be�er providers is one reasonable 
de�nition of be�er selection and enlightened competition. If the limiting of 
options is based overwhelmingly on cost rather than measures of quality, 
outcomes, and patient satisfaction, physicians and their patients can be seri-
ously disadvantaged.

Another risk is that the same genetic information that could lead to more 
e�ective, personalized medicine will be used against the very people whom 
it is supposed to bene�t�by creating a stigma, raising health insurance costs, 
or even making someone uninsurable. �e ethical approach to medicine 
(Chapter 2), genetics (Chapter 35), and genetic counseling provides means 
to protect against this adverse e�ect of scienti�c progress.

In this new environment, the physician o�en has a dual responsibility: to 
the health care system as an expert who helps create standards, measures of 
outcome, clinical guidelines, and mechanisms to ensure high-quality, cost-
e�ective care; and to individual patients who entrust their well-being to that 
physician to promote their best interests within the reasonable limits of the 
system. A health insurance system that emphasizes cost-e�ective care, that 
gives physicians and health care providers responsibility for the health of a 
population and the resources required to achieve these goals, that must exist 
in a competitive environment in which patients can choose alternatives if they 
are not satis�ed with their care, and that places increasing emphasis on health 
education and prevention can have many positive e�ects. In this environment, 
however, physicians must beware of overt and subtle pressures that could 
entice them to underserve patients and abrogate their professional responsi-
bilities by pu�ing personal �nancial reward ahead of their patients� welfare. 
�e physician�s responsibility to represent the patient�s best interests and avoid 
�nancial con�icts by doing too li�le in the newer systems of capitated care 
provides di�erent speci�c challenges but an analogous moral dilemma to the 
historical American system in which the physician could be rewarded �nan-
cially for doing too much.

In the current health care environment, all physicians and trainees must 
redouble their commitment to professionalism. At the same time, the chal-
lenge to the individual physician to retain and expand the scienti�c knowledge 
base and process the vast array of new information is daunting. In this spirit 
of a profession based on science and caring, Goldman-Cecil Medicine seeks to 
be a comprehensive approach to modern internal medicine.

GENERAL REFERENCES

For the General References and other additional features, please visit Expert Consult 
at h�ps://expertconsult.inkling.com.

  APPROACH TO THE MEDICAL PROFESSION
Medical professionalism should emphasize three fundamental principles: the 
primacy of patient welfare, patient autonomy, and social justice.16 As modern 
medicine brings a plethora of diagnostic and therapeutic options, the interac-
tions of the physician with the patient and society become more complex and 
potentially fraught with ethical dilemmas (Chapter 2). To help provide a moral 
compass that is not only grounded in tradition but also adaptable to modern 
times, the primacy of patient welfare emphasizes the fundamental principle 
of a profession. �e physician�s altruism, which begets the patient�s trust, must 
be impervious to the economic, bureaucratic, and political challenges that are 
faced by the physician and the patient (Chapter 4).

�e principle of patient autonomy asserts that physicians make recom-
mendations but patients make the �nal decisions. �e physician is an expert 
advisor who must inform and empower the patient to base decisions on sci-
enti�c data and how these data can and should be integrated with a patient�s 
preferences.

�e importance of social justice symbolizes that the patient-physician inter-
action does not exist in a vacuum. �e physician has a responsibility to the 
individual patient and to broader society to promote access, to eliminate dis-
parities in health and health care, and to bring science to even the most con-
tentious political issues. For example, research into the relationship of �rearms 
to rates of murder and suicide17 can be useful for preventive medicine and 
public policy regardless of an individual�s position on background checks and 
licensing for gun owners.

To promote these fundamental principles, a series of professional respon-
sibilities (Table 1-1) represents practical, daily traits that bene�t the physician�s 
own patients and society as a whole. Physicians who use these and other 
a�ributes to improve their patients� satisfaction with care are not only promot-
ing professionalism but also reducing their own risk for liability and malpractice. 
By comparison, the recent emphasis on maintenance of certi�cation require-
ments is of uncertain bene�t for improving patient outcomes.

An interesting new aspect of professionalism is the increasing reliance on 
team approaches to medical care, as exempli�ed by physicians whose roles are 
de�ned by the location of their practice�historically in the intensive care unit 
or emergency department and more recently on the inpatient general hospital 
�oor. Quality care requires coordination and e�ective communication across 
inpatient and outpatient sites among physicians who themselves now typically 
work de�ned hours. �is transition from reliance on a single, always available 
physician to a team, ideally with a designated coordinator, places new chal-
lenges on physicians, the medical care system, and the medical profession.

An ongoing challenge for a profession that values dedication, a�ention to 
detail, and sel�essness is the risk of burnout, which is characterized by emo-
tional exhaustion and depersonalization. Both individual-focused and structural 
or organizational modi�cations in the work environment can result in clinically 
meaningful reductions in physician burnout.18

�e changing medical care environment is placing increasing emphasis on 
standards, outcomes, and accountability. As purchasers of insurance become 
more cognizant of value rather than just cost (Chapter 10), outcomes ranging 
from rates of screening mammography (Chapter 188) to mortality rates with 
coronary artery bypass gra� surgery (Chapter 65) become metrics by which 
rational choices can be made. Clinical guidelines and critical pathways derived 
from randomized controlled trials and evidence-based medicine can potentially 
lead to more cost-e�ective care and be�er outcomes.

�ese major changes in many Western health care systems bring with them 
many major risks and concerns. If the concept of limited choice among 

TABLE 1�1	 PROFESSIONAL RESPONSIBILITIES
Commitment to:

Professional competence
Honesty with patients
Patient con�dentiality
Maintaining appropriate relations with patients
Improving the quality of care
Improving access to care
Just distribution of �nite resources
Scienti�c knowledge
Maintaining trust by managing con�icts of interest
Professional responsibilities

From Brennan T, Blank L, Cohen J, et al. Medical professionalism in the new millennium: a 
physician charter. Ann Intern Med. 2002;1136:243-246.
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ABSTRACT
It commonly is argued that the bioethical dilemmas physicians face today 
result primarily from modern advances in medical technology. In reality, 
however, concerns about ethical issues are as old as the practice of medicine 
itself. �e Hippocratic Oath, composed sometime around 400 ��, a�ests to 
the need even of ancient Greek physicians for advice on how to address the 
many bioethical dilemmas that they confronted. Technology may make these 
issues more common and change the context in which they arise, but many, 
if not most, bioethical issues that physicians regularly confront are timeless. 
A multitude of bioethical dilemmas arise in medical practice each year, includ-
ing issues of genetics, conscientious objection by providers, and termination 
of care. In clinical practice, the most common issues revolve around informed 
consent, termination of life-sustaining treatments, euthanasia and physician-
assisted suicide, and con�icts of interest.
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to make medical decisions, and whether an adult is incompetent to make 
medical decisions is a legal determination. Practically, physicians usually decide 
whether patients are competent based on whether they can understand the 
information disclosed, appreciate its signi�cance for their own situation, and 
use logical and consistent thought processes in decision making. Incompetence 
in medical decision making does not mean a person is incompetent in all 
types of decision making and vice versa. Second, crucial information relevant 
to the decision must be disclosed, usually by the physician, to the patient. 
�ird, the patient should understand the information and its implications for 
his or her interests and life goals. Finally, the patient�s decision must be made 
voluntarily, i.e., without coercion or manipulation by the physician.

It is a mistake to view informed consent as a one-time event, such as the 
signing of a form. Informed consent is viewed more accurately as a process 
that evolves throughout the course of a patient�s diagnosis and subsequent 
treatment.

Typically, a patient�s autonomy is the value invoked to justify informed 
consent. Other values, such as bodily integrity and bene�cence, have also 
been cited, especially in early legal rulings.

 Empirical Data
Extensive research on informed consent shows that physicians frequently do 
not communicate all the relevant information needed for patients to make an 
informed decision in clinical se�ings. �e more complex the medical deci-
sions, the more likely it is that physicians will obtain all the elements of informed 
consent.

Interestingly, data suggest that disclosure, both in informed consent docu-
ments and in discussion, is be�er in research than clinical se�ings. Greater 
disclosure in the research se�ing may be the result of the research-speci�c 
requirement of having a wri�en informed consent document reviewed by an 
independent commi�ee, such as an institutional review board or a research 
ethics commi�ee.

Patients frequently fail to recall crucial information disclosed during the 
process of obtaining informed consent, although they usually think they have 
su�cient information to make a decision. Whether patients fail to recall key 
information because they are overwhelmed by the information or because 
they �nd much of it not salient to their decision is unclear. �e issue therefore 
lies more in determining what patients understand at the point of decision 
making, rather than what they recall later. For common medical interventions, 
such as elective surgery, the ideal informed consent would include the risks 
and bene�ts as quanti�ed in randomized controlled trials, relevant data on 
the surgeon, the institution�s clinical outcomes for the procedure, and a list 
of acceptable alternatives.1

Studies aimed at improving informed consent in clinical se�ings suggest 
that interactive media, such as videos and interactive computer so�ware, can 
improve patients� understanding of such competing alternatives. A1  A review 
of 115 studies on shared decision making found that, compared with those 
receiving usual care, patients who used a decision aid had greater knowledge of 
the evidence, felt more clear about what ma�ered to them, had more accurate 
understanding of risks and bene�ts, and participated more in the decision-
making process. �ese decision aids can be especially important in preference-
sensitive conditions�situations with several treatment options and important 
tradeo�s that are dependent on a patient�s values, such as decisions about 
prostatectomy for early stage prostate cancer. Computer and web-based deci-
sion aides are now available for over 200 common conditions and procedures.

A more modern challenge in obtaining informed consent is the introduction 
of electronic methods into the process, including smartphone applications in 
acute situations such as ischemic stroke. A2  Digital models for informed consent 
o�en are not user-friendly for older patients, and evidence suggests that most 
people do not read click-through agreements on computers and mobile devices. 
Concern also exists that it may be challenging to obtain true voluntary choice 
without being able to assess the body language, tone, and emotion that can 
be observed during a person-to-person interaction.2

One of the most important results of empirical research on informed consent 
is that there is a gap between a desire for information and a desire for actual 
decision making. Many studies show that although most patients want infor-
mation, far fewer actually want to make decisions about their own care. In 
one study, for example, only one third of patients desired decision-making 
authority, and patients� decision-making preferences were not correlated with 
their information-seeking preferences (which were high). Patients� preferences 
for decision-making authority generally increase with higher educational levels 
and decline with age. Most importantly, the more serious the illness, the more 
likely patients are to prefer that physicians make the decisions. Several studies 

bene�cence, and justice. Autonomy is the idea that people should have the 
right and freedom to choose, pursue, and revise their own life plans. Nonma-
le�cence is the idea that people should not be knowingly harmed or injured. 
�is principle is encapsulated in the o�-repeated phrase that a physician must 
��rst do no harm��primum non nocere. Interestingly, this phrase is not found 
in the Hippocratic Oath; the only related, but still not identical, Hippocratic 
phrase is �at least, do not harm.� Bene�cence refers to the positive actions that 
a physician should undertake to promote the well-being of his or her patients. 
In clinical practice, this obligation usually arises from the implicit and explicit 
commitments and promises central to the physician-patient relationship. Finally, 
the principle of justice is de�ned by the fair distribution of bene�ts and burdens 
that result from a clinical interaction.

Although helpful in providing an initial framework, these principles are too 
broad to have more than limited value. �e principles are also frequently 
underdeveloped and likely to con�ict with each other, thereby resulting in 
bioethical dilemmas. �e principles themselves do not o�er guidance on how 
they should be balanced or speci�ed to resolve dilemmas. Given that they are 
focused on physician-patient encounters, the principles are also unhelpful 
when considering bioethical issues at the system or institutional level, such 
as the allocation of scarce vaccines or transplant organs. Finally, these four 
principles are not comprehensive. Other fundamental ethical principles and 
values�such as priority to the worst o�, duties to future generations, and 
professional integrity�are important in bioethics but not fully encapsulated 
by these four principles.

�ere is no formula that can magically determine how to solve bioethical 
dilemmas. Instead, medical professionals should follow an orderly analytic 
process. First, practitioners need to obtain the facts relevant to the situation. 
Second, they must delineate the fundamental bioethical issue. �ird, they 
must identify all the crucial principles and values that relate to, and potentially 
con�ict with, the case. Fourth, because many ethical dilemmas have been 
previously analyzed and subjected to empirical study, practitioners should 
examine the relevant literature so they may potentially identify new values, 
understand existing principles, reformulate the issue at hand, and see if there 
is an accepted resolution. Fi�h, with this information, the practitioner must 
distinguish clearly unethical practices from a range of ethically permissible 
actions. Finally, it is important not only to come to a resolution but also to 
state clearly the justi�cation for such decisions. Although unanimous decisions 
are ideal, the reality remains that such consensus may be elusive. Reasonable 
physicians must therefore take care to explain what principles and interpreta-
tions they relied upon to resolve ethical dilemmas.

A multitude of bioethical dilemmas arise in medical practice each year, 
including issues of genetics, conscientious objection by providers, and termi-
nation of care. In clinical practice, the most common issues revolve around 
informed consent, termination of life-sustaining treatments, euthanasia and 
physician-assisted suicide, and con�icts of interest.

  PHYSICIAN�PATIENT RELATIONSHIP:  
INFORMED CONSENT

 History
�e requirement of informed consent dates as far back as Plato. �e �rst 
recorded legal case on informed consent took place in England in 1767 when 
a patient complained that he had not given his consent for two surgeons to 
refracture his leg a�er it had healed improperly. An 18th-century English court 
ultimately ruled that obtaining a patient�s consent prior to a procedure was 
the �rule of the profession� and thus a legal obligation of surgeons. Failure to 
obtain consent, the court declared, was inexcusable. In more contemporary 
times, a landmark 1957 U.S. court ruling stated that physicians have a positive 
legal obligation to disclose information about risks, bene�ts, and alternative 
treatments to patients; this decision popularized the term informed consent.

 De�nition and Justi�cation
Informed consent is a person�s autonomous authorization to permit a 
physician�or other health care professional�to undertake diagnostic or 
therapeutic interventions for himself or herself. �e patient understands that 
he or she is taking responsibility for the decision while empowering someone 
else, the physician, to implement it. However, agreement to a course of medical 
treatment does not necessarily qualify as informed consent.

�e four fundamental requirements for valid informed consent are: mental 
capacity, disclosure, understanding, and voluntariness. First, informed consent 
assumes that people have the mental capacity to make decisions; disease, 
development, or medications can compromise patients� mental capacity to 
provide informed consent. Adults are presumed to have the legal competence 
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physicians and nurses might �nd stopping a treatment to be more di�cult 
psychologically, withdrawal is ethically and legally permi�ed�and required�
when it is consonant with the patient�s wishes.

�ird, competent patients have the exclusive right to make decisions about 
terminating their own care. If there is a con�ict between a competent patient 
and his or her family, the patient�s wishes are to be followed. It is the patient�s 
right to refuse treatment, not the family�s right. For mentally incompetent 
patients, the situation is more complex. If the patients le� clear indications 
of their wishes, whether as explicit oral statements or as wri�en advance care 
directives, these wishes should be followed. Physicians should not be overly 
concerned about the precise form patients use to express their wishes; because 
patients have a constitutional right to refuse treatment, the real concern is 
whether the wishes are clear and relevant to the situation. If an incompetent 
patient did not leave explicit indications of his or her wishes or designate a 
proxy decision maker, the physician should identify a surrogate decision maker 
and rely on the decision maker�s wishes. Some state courts have restricted 
what treatments a proxy decision-maker can terminate, thereby requiring the 
incompetent patient to have given very speci�c instructions about the particular 
treatments he or she does not want to receive and the conditions under which 
care should be withheld or withdrawn. �is requirement severely limits the 
authority and power of proxy decision makers.

Fourth, the right to refuse medical treatment does not translate into a right 
to demand any treatment, especially treatments that have no pathophysiologic 
rationale, have already failed, or are known to be harmful. Futility has become 
a justi�cation to permit physicians unilaterally to withhold or withdraw treat-
ments despite the family�s requests for treatment. Some states, such as Texas, 
have enacted futility laws, which prescribe procedures by which physicians 
can invoke futility either to transfer a patient or to terminate interventions. 
However, the principle of futility is not easy to implement in medical practice. 
Initially, some commentators advocated that an intervention was futile when 
the probability of success was 1% or lower. Although this threshold seems to 
be based on empirical data, it is a covert value judgment. Because the declara-
tion of futility is meant to justify unilateral determinations by physicians, it 
generally has been viewed as an inappropriate assertion that undermines 
physician-patient communication and violates the principle of shared decision 
making. Similar to the distinction between ordinary and extraordinary care, 
futility is increasingly viewed as more obfuscating than clarifying and is there-
fore being invoked much less o�en.

For example, a recent California case involved a 13-year-old girl who suf-
fered a cardiac arrest during a tonsillectomy and adenoidectomy and who was 
subsequently declared brain dead. Her family refused to accept the determina-
tion of death and sued. A�er several legal appeals, courts agreed that she was 
dead. Her body was nevertheless given on a respirator to the county coroner, 
who then transferred the body to the parents. �e parents kept the body and 
authorized that a tracheostomy and a feeding tube be inserted. �e court 
ruled that neither physicians nor a medical facility had any obligation to provide 
treatments to a dead body, even if the parents asserted, contrary to medical 
experts, that the patient was not dead.

  ASSISTED SUICIDE AND EUTHANASIA
 History
As far back as the time of Hippocrates, euthanasia and physician-assisted 
suicide were controversial issues. In 1905, a bill was introduced into the 
Ohio legislature to legalize euthanasia; it was defeated. In the mid-1930s, 
similar bills were introduced and defeated in the British Parliament and the 
Nebraska legislature. As of January 2017, physician-assisted suicide�but not 
euthanasia�has been made legal in Oregon, Washington, California, Colo-
rado, Vermont, and Washington, D.C. In Montana, the Supreme Court did 
not recognize a constitutional right to physician-assisted suicide, but it ruled 
that the law permi�ing the termination of life-sustaining treatment protected 
physicians from prosecution if they helped hasten the death of a consenting, 
rational, terminally ill patient. Of note, however, is that the American College 
of Physicians does not currently support the legalization of physician-assisted 
suicide.6 Both euthanasia and physician-assisted suicide are legal in the Neth-
erlands, Belgium, and Luxembourg, and physician-assisted suicide is legal in  
Switzerland.

 De�nition and Justi�cation
�e terms euthanasia and physician-assisted suicide require careful de�nition 
(Table 2-3). So-called passive and indirect euthanasia are misnomers and not 
actual instances of euthanasia; rather, they are ethical and legal ways to ter-
minate care.

available, they will not solve the problem of actually having a conversation 
between the physician and the patient about advance care planning. Starting 
that conversation still seems to be a persistent barrier.

Just as proxies are poor at predicting patients� wishes, data show that physi-
cians are even worse at determining patients� preferences for life-sustaining 
treatments. In one study, for example, 30% of family conferences between 
clinicians and surrogates did not discuss preferences for end-of-life decision 
making for patients who were at high risk of death.4 In many cases, life-sustaining 
treatments are continued even when patients or their proxies desire them to 
be stopped. Conversely, many physicians discontinue or never begin interven-
tions unilaterally without the knowledge or consent of patients or their sur-
rogate decision makers. �ese discrepancies emphasize the importance of 
engaging patients early on in their care about treatment preferences.

 Practical Considerations
Many practical considerations are applicable to enacting the right to terminate 
medical treatment (Table 2-2). First, patients have a right to refuse any and 
all medical interventions.

�e question of what medical interventions can be terminated�or not 
started�is a recurrent topic of debate among physicians and other health 
care providers. Initiation of cardiopulmonary resuscitation was the focus of 
early court cases. Courts have made clear that any treatment prescribed by a 
physician and administered by a health care provider can be stopped if it is 
more harmful than bene�cial.5 �e issue is not whether the treatment is ordi-
nary, extraordinary, or heroic, or whether it is high-technology or low-
technology. Treatments that can be stopped include not only ventilators, 
arti�cial nutrition, and hydration, but also dialysis, pacemakers, ventricular 
assist devices, antibiotics, and any medication.

Second, there is no ethical or legal di�erence between withholding an inter-
vention and withdrawing it. If a respirator or other treatment is started because 
physicians are uncertain whether a patient would have wanted it, they always 
can stop it later when information clari�es the patient�s wishes. Although 

also tend to underestimate patients� future functional status and satisfaction. 
Similarly, a proxy�s predictions on a mentally incapacitated patient�s life-
sustaining preferences are o�en inaccurate. In cases in which the patient is 
diagnosed with dementia, families tend to agree with patients on decisions 
regarding life-sustaining treatment two thirds of the time, be�er but not much 
be�er than the 50% agreement based on chance alone. Such confusion on 
how to decide for incapacitated patients can create con�icts among family 
members or between the family and medical providers. In such circumstances, 
an ethics consultation may be helpful.

  TERMINATION OF MEDICAL INTERVENTIONS
 History
Since the origins of medicine, withholding medical treatment from terminally 
ill patients while still providing palliative care, thereby allowing �nature to 
take its course,� has been deemed ethical.3 Hippocrates argued that physicians 
should �refuse to treat those [patients] who are overmastered by their disease.� 
In the 19th century, prominent American physicians advocated withholding 
cathartic and emetic �treatments� from the terminally ill. In 1900, the editors 
of �e Lancet argued that physicians should intervene to ease the pain of death 
and that they did not have an obligation to prolong a clearly terminal life. �e 
contemporary debate on terminating care began in 1976 with the Quinlan 
case, in which the New Jersey Supreme Court ruled that patients had a right 
to refuse life-sustaining interventions on the basis of a right to privacy, and 
that the family could exercise that right for a patient in a persistent vegetative 
state.

 De�nition and Justi�cation
It generally is agreed that all patients have a right to refuse medical interven-
tions. Ethically, this right is based on the patient�s right to autonomy and is 
implied by the doctrine of informed consent. Legally, state courts have cited 
the right to privacy, the right to bodily integrity, and common law to justify 
the right to refuse medical treatment. In the 1990 Cruzan case, and in the 
subsequent physician-assisted suicide cases, the U.S. Supreme Court a�rmed 
that there is a �constitutionally protected right to refuse lifesaving hydration 
and nutrition.� �e Court stated that �[A] liberty interest [based on the 14th 
Amendment] in refusing unwanted medical treatment may be inferred from 
our prior decisions.� All patients have both a constitutional and an ethical 
right to refuse medical interventions. �ese rulings were the basis of consistent 
state and federal court rulings in the Schiavo case to permit the husband to 
terminate arti�cial nutrition and hydration for his terminally ill wife in a veg-
etative state (Chapter 376).

 Empirical Data
Data show that termination of medical treatments is now the norm, and the 
trend has shi�ed toward stopping medical interventions based on the prefer-
ences of patients and their surrogate decision makers. Over 85% of Americans 
and 90% of decedents in intensive care units do not receive cardiopulmonary 
resuscitation. Of decedents in intensive care units, more than 85% die a�er 
the withholding or withdrawal of medical treatments, with an average of 2.6 
interventions being withheld or withdrawn per decedent.

Despite extensive public support for use of advance care directives and the 
passage of the Patient Self-Determination Act mandating that health care 
institutions inform patients of their right to complete such documents, less 
than 40% of Americans appear to have completed any wri�en form of end-
of-life decisions. Among Americans ages 75 and older, 1 in 5 have neither 
wri�en nor talked with someone about their wishes for medical treatment at 
the end of their lives. Data suggest that although over 40% of patients required 
active decision making about terminating medical treatments in their �nal 
days, more than 70% lacked actual decision-making capacity, thereby empha-
sizing the importance of completing advance directives.

E�orts to improve completion of advance care directives have generated 
mixed results. In La Crosse County, Wisconsin, for example, a�er health care 
organizations in the county added an �Advance Directive� section to their 
electronic medical records, 90% of decedents had some type of advance direc-
tive. Unfortunately, even successful pilot e�orts like La Crosse County�s have 
not been adopted or easily scaled. A persistent problem has been that even 
when patients complete advance care directives, the documents frequently 
are not readily available, physicians do not know they exist, or they tend to 
be too general or vague to guide decisions. �e increasing use of electronic 
health records should make it possible for advance directives to be available 
whenever and wherever the patient presents to a health care provider. Although 
electronic health records will help in making existing advance directives 

suggest that patients who have less of a desire to make their own decisions 
generally are more satis�ed with how the decisions are ultimately made.

 Practical Considerations
Implementing informed consent raises questions about the extent to which 
information should be disclosed and how to disclose it. Physicians should 
disclose at least six fundamental elements of information to patients: (1) 
diagnosis and prognosis; (2) nature of the proposed intervention; (3) 
alternative interventions, including no treatment; (4) risks associated with 
each alternative; (5) bene�ts of each alternative; and (6) likely outcomes of 
these alternatives (Table 2-1). Because risk is usually a physician�s principal 
concern, physicians also should disclose (1) the nature of the risks, (2) their 
magnitude, (3) the probability that each risk will occur, and (4) when the 
consequence might occur. Increasingly, these disclosures should include data 
both from clinical trials and from the institution and physician performing 
the test and treatments. In general, all serious risks, such as death, paralysis, 
stroke, infections, or chronic pain, even if rare, should be disclosed, as should  
common risks.

�e key challenge in providing this information is doing so within reason-
able time constraints and without overwhelming the patient with unnecessarily 
complex or technical details. Fortunately, time constraints can be somewhat 
ameliorated by using interactive electronic media that allow patients to view 
information on their own schedules while facilitating the transfer of basic 
information.

�e question of how much physicians should disclose has been approached 
di�erently state-by-state. Generally, states have adopted one of two divergent 
legal standards. �e physician or customary standard, adapted from malprac-
tice law, states that the physician should disclose all information �which a 
reasonable medical practitioner would make under the same or similar cir-
cumstances.� Conversely, the reasonable person or lay-oriented standard states 
that physicians should disclose all information that a �reasonable person in 
the patient�s circumstances would �nd material� to the medical decision. 
�e physician standard is factual and can be determined empirically, but the 
patient-oriented standard, which is meant to engage physicians with patients, 
is hypothetical. Currently, each standard is used by about half of the United 
States. In 2015, the United Kingdom�s Supreme Court ruled that the standard 
for what information a physician should disclose should not be determined by 
what a reasonable physician would do, but rather by what a reasonable patient  
would want.

�e requirement of informed consent has no exceptions. In emergency 
situations, consent can be assumed under the belief that patients� interests 
are in survival and retaining maximal mental and physical functioning; as a 
result, reasonable persons would want treatment. In some circumstances, 
physicians may believe the process of informed consent could pose a serious 
psychological threat. In rare cases, the �therapeutic privilege� of promoting a 
patient�s well-being trumps autonomy, but physicians should be wary of invok-
ing this exception too readily.

If patients are deemed mentally incompetent to make medical decisions, 
family members�beginning with spouse, children, parents, siblings, then 
more distant relatives�usually are selected as surrogates or proxies, although 
there may be concerns about con�icting interests or knowledge of the patient�s 
wishes. In the relatively rare circumstance in which a patient has formally 
designated a proxy, that person has decision-making authority.

�e substituted judgment standard states that the proxy should choose what 
the patient would choose if he or she were competent. �e best interests stan-
dard states that the proxy should choose what is best for the patient. However, 
it is o�en not clear what the patient would have decided, because the situation 
was not discussed with the patient and he or she le� no living will. Similarly, 
what is considered �best� for a patient can be controversial because of tradeo�s 
between quality of life and pure survival. �ese problems are complicated by 
the poor ability of many proxies to predict a patient�s quality of life; proxies 

TABLE 2�1	 FUNDAMENTAL ELEMENTS FOR DISCLOSURE  
TO PATIENTS

Diagnosis and prognosis
Nature of proposed intervention
Reasonable alternative interventions
Risks associated with each alternative intervention
Bene�ts associated with each alternative intervention
Probable outcomes of each alternative intervention



CHAPTER  2  BIOETHICS IN THE PRACTICE OF MEDICINE 7

physicians and nurses might �nd stopping a treatment to be more di�cult 
psychologically, withdrawal is ethically and legally permi�ed�and required�
when it is consonant with the patient�s wishes.

�ird, competent patients have the exclusive right to make decisions about 
terminating their own care. If there is a con�ict between a competent patient 
and his or her family, the patient�s wishes are to be followed. It is the patient�s 
right to refuse treatment, not the family�s right. For mentally incompetent 
patients, the situation is more complex. If the patients le� clear indications 
of their wishes, whether as explicit oral statements or as wri�en advance care 
directives, these wishes should be followed. Physicians should not be overly 
concerned about the precise form patients use to express their wishes; because 
patients have a constitutional right to refuse treatment, the real concern is 
whether the wishes are clear and relevant to the situation. If an incompetent 
patient did not leave explicit indications of his or her wishes or designate a 
proxy decision maker, the physician should identify a surrogate decision maker 
and rely on the decision maker�s wishes. Some state courts have restricted 
what treatments a proxy decision-maker can terminate, thereby requiring the 
incompetent patient to have given very speci�c instructions about the particular 
treatments he or she does not want to receive and the conditions under which 
care should be withheld or withdrawn. �is requirement severely limits the 
authority and power of proxy decision makers.

Fourth, the right to refuse medical treatment does not translate into a right 
to demand any treatment, especially treatments that have no pathophysiologic 
rationale, have already failed, or are known to be harmful. Futility has become 
a justi�cation to permit physicians unilaterally to withhold or withdraw treat-
ments despite the family�s requests for treatment. Some states, such as Texas, 
have enacted futility laws, which prescribe procedures by which physicians 
can invoke futility either to transfer a patient or to terminate interventions. 
However, the principle of futility is not easy to implement in medical practice. 
Initially, some commentators advocated that an intervention was futile when 
the probability of success was 1% or lower. Although this threshold seems to 
be based on empirical data, it is a covert value judgment. Because the declara-
tion of futility is meant to justify unilateral determinations by physicians, it 
generally has been viewed as an inappropriate assertion that undermines 
physician-patient communication and violates the principle of shared decision 
making. Similar to the distinction between ordinary and extraordinary care, 
futility is increasingly viewed as more obfuscating than clarifying and is there-
fore being invoked much less o�en.

For example, a recent California case involved a 13-year-old girl who suf-
fered a cardiac arrest during a tonsillectomy and adenoidectomy and who was 
subsequently declared brain dead. Her family refused to accept the determina-
tion of death and sued. A�er several legal appeals, courts agreed that she was 
dead. Her body was nevertheless given on a respirator to the county coroner, 
who then transferred the body to the parents. �e parents kept the body and 
authorized that a tracheostomy and a feeding tube be inserted. �e court 
ruled that neither physicians nor a medical facility had any obligation to provide 
treatments to a dead body, even if the parents asserted, contrary to medical 
experts, that the patient was not dead.

  ASSISTED SUICIDE AND EUTHANASIA
 History
As far back as the time of Hippocrates, euthanasia and physician-assisted 
suicide were controversial issues. In 1905, a bill was introduced into the 
Ohio legislature to legalize euthanasia; it was defeated. In the mid-1930s, 
similar bills were introduced and defeated in the British Parliament and the 
Nebraska legislature. As of January 2017, physician-assisted suicide�but not 
euthanasia�has been made legal in Oregon, Washington, California, Colo-
rado, Vermont, and Washington, D.C. In Montana, the Supreme Court did 
not recognize a constitutional right to physician-assisted suicide, but it ruled 
that the law permi�ing the termination of life-sustaining treatment protected 
physicians from prosecution if they helped hasten the death of a consenting, 
rational, terminally ill patient. Of note, however, is that the American College 
of Physicians does not currently support the legalization of physician-assisted 
suicide.6 Both euthanasia and physician-assisted suicide are legal in the Neth-
erlands, Belgium, and Luxembourg, and physician-assisted suicide is legal in  
Switzerland.

 De�nition and Justi�cation
�e terms euthanasia and physician-assisted suicide require careful de�nition 
(Table 2-3). So-called passive and indirect euthanasia are misnomers and not 
actual instances of euthanasia; rather, they are ethical and legal ways to ter-
minate care.

available, they will not solve the problem of actually having a conversation 
between the physician and the patient about advance care planning. Starting 
that conversation still seems to be a persistent barrier.

Just as proxies are poor at predicting patients� wishes, data show that physi-
cians are even worse at determining patients� preferences for life-sustaining 
treatments. In one study, for example, 30% of family conferences between 
clinicians and surrogates did not discuss preferences for end-of-life decision 
making for patients who were at high risk of death.4 In many cases, life-sustaining 
treatments are continued even when patients or their proxies desire them to 
be stopped. Conversely, many physicians discontinue or never begin interven-
tions unilaterally without the knowledge or consent of patients or their sur-
rogate decision makers. �ese discrepancies emphasize the importance of 
engaging patients early on in their care about treatment preferences.

 Practical Considerations
Many practical considerations are applicable to enacting the right to terminate 
medical treatment (Table 2-2). First, patients have a right to refuse any and 
all medical interventions.

�e question of what medical interventions can be terminated�or not 
started�is a recurrent topic of debate among physicians and other health 
care providers. Initiation of cardiopulmonary resuscitation was the focus of 
early court cases. Courts have made clear that any treatment prescribed by a 
physician and administered by a health care provider can be stopped if it is 
more harmful than bene�cial.5 �e issue is not whether the treatment is ordi-
nary, extraordinary, or heroic, or whether it is high-technology or low-
technology. Treatments that can be stopped include not only ventilators, 
arti�cial nutrition, and hydration, but also dialysis, pacemakers, ventricular 
assist devices, antibiotics, and any medication.

Second, there is no ethical or legal di�erence between withholding an inter-
vention and withdrawing it. If a respirator or other treatment is started because 
physicians are uncertain whether a patient would have wanted it, they always 
can stop it later when information clari�es the patient�s wishes. Although 

TABLE 2�2	 PRACTICAL CONSIDERATIONS IN TERMINATION 
OF MEDICAL TREATMENTS

PRACTICAL QUESTION ANSWER
Is there a legal right to refuse 

medical interventions?
Yes. �e U.S. Supreme Court declared that 

competent people have a constitutionally 
protected right to refuse unwanted medical 
treatments based on the 14th Amendment.

What interventions can be legally 
and ethically terminated?

Any and all interventions (including respirators, 
antibiotics, pacemakers, ventricular assist 
devices, intravenous or enteral nutrition and 
hydration) can be legally and ethically 
terminated.

Is there a di�erence between 
withholding life-sustaining 
interventions and withdrawing 
them?

No. �e consensus is that there is no important 
legal or ethical di�erence between 
withholding and withdrawing medical 
interventions. Stopping a treatment once 
begun is just as ethical as never having 
started it.

Whose view about terminating 
life-sustaining interventions 
prevails if there is a con�ict 
between the patient and family?

�e views of a competent adult patient prevail. 
It is the patient�s body and life.

Who decides about terminating 
life-sustaining interventions if 
the patient is incompetent?

If the patient appointed a proxy or surrogate 
decision maker when competent, that person 
is legally empowered to make decisions 
about terminating care. If no proxy was 
appointed, there is a legally designated 
hierarchy, usually (1) spouse, (2) adult 
children, (3) parents, (4) siblings, and (5) 
available relatives.

Are advance care directives legally 
enforceable?

Yes. As a clear expression of the patient�s wishes, 
they are a constitutionally protected method 
for patients to exercise their right to refuse 
medical treatments. In almost all states, clear 
and explicit oral statements are legally and 
ethically su�cient for decisions about 
withholding or withdrawing medical 
interventions.
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 Empirical Data
Financial con�icts are not rare, but they are frequently under-reported. �e 
more imaging facilities and specialty referrals a practice has, the greater the 
utilization of medical services and the higher the health care spending�o�en 
without any clear bene�t to the patients. In Florida, nearly 40% of physicians 
are owners of freestanding facilities to which they refer patients. In one study, 
4 to 4.5 times more imaging examinations were ordered by self-referring physi-
cians than by physicians who referred patients to radiologists. Similarly, patients 
referred to joint-venture physical therapy facilities have an average of 16 visits 
compared with 11 at non�joint-venture facilities. A recent study of urologists 
found that those who had integrated radiation facilities into their practices 
increased their radiation use by 2.5 times compared with urologists who did 
not have �nancial relationships with radiation facilities.

Similarly, multiple studies have shown that interaction with pharmaceutical 
representatives can lead to prescribing of new drugs, nonrational prescribing, 
and decreased use of generic drugs by physicians. Industry funding for con-
tinuing medical education payment for travel to educational symposia increases 
prescribing of the sponsor�s drug. A study of 1,400 FDA advisory commi�ee 
members found that 13% had some �nancial interest in a drug company whose 
product was being reviewed by that commi�ee; these members had a 63% 
chance of voting for its approval, and an 84% chance of doing so if they sat 
on advisory boards for that company. A separate study found that 80% of 
U.S.-based hematologist-oncologists who use Twi�er, o�en to tweet about 
pharmaceutical products, have at least one �nancial con�ict of interest, with 
median payments of over $1000.11

Regarding researcher con�icts of interest, the available data suggest that 
corporate funding does not appear to compromise the design and methodol-
ogy of clinical research; in fact, commercially funded research may be meth-
odologically more rigorous than government- or foundation-supported research. 
Conversely, data suggest that �nancial interests do distort researchers� inter-
pretation of data. �e most important impact of �nancial interests, however, 
appears to be on dissemination of research studies. Growing evidence suggests 
the suppression or selective publication of data unfavorable to corporate spon-
sors but the repeated publication of favorable results.

 Practical Considerations
First, �nancial con�icts of interest are inherent in any profession in which the 
professional earns income from rendering a service. Second, con�icts come 
in many di�erent forms, from legitimate payment for services rendered and 
ownership of medical laboratories and facilities, to drug company dinners, 
payment for a�endance at pharmaceutical meetings, and consultation with 
companies.

�ird, in considering how to manage con�icts, it is important to note that 
people are poor judges of their own potential con�icts. Individuals o�en cannot 
distinguish the various in�uences that guide their judgments, do not think of 
themselves as inherently bad, and do not imagine that payment shapes their 
judgments. Physicians tend to be defensive about charges of con�icts of inter-
est. In addition, con�icts tend to act insidiously, subtly changing practice pat-
terns so that they then become what appear to be justi�able norms.

Fourth, rules�whether laws, regulations, or professional standards�to 
regulate con�icts of interest are based on two considerations: (1) the likeli-
hood that payment or other secondary interests would create a con�ict, with 
greater �nancial interest tending to increase the risk of compromised judgment, 
and (2) the magnitude of the potential harm if judgment is compromised. 
Rules tend to be of three types: (1) disclosure of con�icts, (2) management 
of con�icts, and (3) outright prohibition. Federal law bans certain types of 
self-referral of physicians in the Medicare program. �e American Medical 
Association and the Pharmaceutical Research and Manufacturers of America 
have established joint rules that permit physicians to accept gi�s of minimal 
value but �refuse substantial gi�s from drug companies, such as the costs of 
travel, lodging, or other personal expenses�for a�ending conferences or 
meetings.� Additionally, the Physician Payment Sunshine Act, which was passed 
in 2010 as part of the A�ordable Care Act and went into e�ect in August 
2013, requires that drug and device manufacturers report all payments and 
transfers of value given to physicians to the Centers for Medicare and Medicaid 
Services so that such information can be published on a searchable public 
website.

Fi�h, there is much emphasis on disclosure of con�icts, with the implicit 
idea being that sunshine is the best disinfectant. Disclosure may be useful in 
publications for peers, but it is unclear whether this is a suitable safeguard in 

and psychological palliation have failed. A consensus�with slight di�erences�
among American states and European countries has emerged on safeguards. 
�ese safeguards include: (1) the patient must be competent and must request 
euthanasia or physician-assisted suicide repeatedly and voluntarily; (2) in the 
Netherlands and other European countries, the patient must have unbearable 
pain or other su�ering that cannot be relieved by optimal palliative interven-
tions; by comparison, there is no requirement for su�ering in the United States, 
but the patient must be terminally ill; (3) there should be a waiting period 
to ensure that the patient�s desire for euthanasia or physician-assisted suicide 
is stable and sincere; and (4) the physician should obtain a second opinion 
from an independent physician. Although there have been some prosecu-
tions in the United States, there have been no convictions�except for Dr. 
Kevorkian�when physicians and others have participated in euthanasia and 
physician-assisted suicide.

  FINANCIAL CONFLICTS OF INTEREST
 History
Worrying about how payment structures and fees compromise the integrity 
of medical decision making is not new. In 1899, a physician reported that 
more than 60% of surgeons in Chicago were willing to provide a 50% com-
mission to physicians for referring cases. He subsequently argued that in some 
cases, this fee spli�ing led to unnecessary surgical procedures. A 1912 study 
by the American Medical Association con�rmed that fee spli�ing was a common 
practice and it added to the list of physicians� �nancial con�icts of interest 
acts, which included selling patented medicines and patenting surgical instru-
ments. In the 1990s, the ethics of pharmaceutical and biotech companies 
paying clinical researchers and physicians again raised the issue of �nancial 
con�icts of interest.

 De�nition and Justi�cation
A con�ict of interest occurs when a physician�s secondary interests, such as 
making money, risks compromising or undermining a physician�s primary 
interest, especially promoting a patient�s well-being. Physicians also have other 
primary interests: (1) to advance biomedical research, (2) to educate future 
physicians, and, more controversially, (3) to promote public health (Table 
2-4). Physicians also have other, secondary interests, such as earning income, 
raising a family, contributing to the profession, and pursuing avocational inter-
ests, such as hobbies. �ese secondary interests are not evil; typically, they 
are legitimate, even admirable. A con�ict of interest occurs when one of these 
secondary interests could compromise pursuit of a primary interest, especially 
the patient�s well-being.

Con�icts of interest are problematic because they can, or at least appear 
to, compromise the integrity of physicians� judgment, the patient�s well-being, 
or research. Con�icts of interest can induce a physician to do something�
perform a procedure, fail to order a test, or distort data�that may not be in 
a patient�s best interest. �ese con�icts can undermine the trust of both the 
patient and the public, not only in an individual physician but also in the 
medical profession at large.

Sometimes a distinction may be claimed between actual and potential con-
�icts of interest, suggesting that a con�ict exists only when a physician�s judg-
ment is actually distorted or undermined. �is concept is wrong. An actual 
con�ict of interest occurs when a reasonable person could suspect that the 
physician�s judgment could have been altered by the secondary interest. Appear-
ances can be damaging, because it is di�cult for patients and the public to 
determine what motives in�uence a physician�s decision and it o�en is impos-
sible to know whether judgment actually has been distorted. Financial con�icts 
of interest are of particular concern, not because they are worse than other 
types of con�icts, but rather because they are more pervasive, identi�able, 
and regulated compared with other con�icts. Since ancient times, the ethical 
norm on con�icts has been clear: the physician�s primary obligation is to the 
patient�s well-being, and a physician�s personal �nancial well-being comes 
second and should never compromise this duty.

euthanasia and physician-assisted suicide would undermine the physician-
patient relationship or lead to forced euthanasia is completely speculative 
and not borne out by the available data.

In its 1997 decisions, the U.S. Supreme Court stated that there is no con-
stitutional right to euthanasia and physician-assisted suicide, but that there 
also is no constitutional prohibition against states legalizing these interven-
tions. Consequently, �ve states and the District of Columbia (see above) have 
constitutionally legalized physician-assisted suicide, and others may do so 
either by legislation or ballot measure.

 Empirical Data
A�itudes and practices related to euthanasia and physician-assisted suicide 
have been studied extensively.7 Two thirds of Americans say there are some 
situations in which a patient should be allowed to die, but 30% say that medical 
professionals should always do everything possible to save a patient�s life. 
About 60% of adults think that these interventions are moral for a person 
who has an incurable disease and is su�ering great pain with no hope of 
improvement. However, public support dramatically decreases to below 40% 
for patients who are ready to die because living is a burden or for patients 
who are burdensome to their families. Overall, public support for physician-
assisted suicide in the United States remains just below 50%.

Physicians tend to be much less supportive of euthanasia and physician-
assisted suicide than the public, with oncologists, palliative care physicians, 
and geriatricians among the least supportive. Among American and British 
physicians, the majority opposes legalizing either practice.

Approximately 25% of American physicians have received requests for 
euthanasia or physician-assisted suicide, including about 50% of oncologists. 
Studies also indicate that less than 5% of American physicians have performed 
euthanasia or physician-assisted suicide. Surveys of oncologists indicate that 
about 4% have performed euthanasia and about 11% have performed physician-
assisted suicide during their careers.

Safeguards for euthanasia and physician-assisted suicide are frequently 
violated. For example, one study found 54% of euthanasia requests came from 
the family. In about 40% of euthanasia and 20% of physician-assisted suicide 
cases, the patient was depressed; in only half of the cases was the request 
repeated, irrespective of treatment.

Oregon has legally permi�ed physician-assisted suicide for the longest of 
any U.S. jurisdiction. Data show that over 70% of patients receiving physician-
assisted suicide had cancer. Other characteristics strongly linked to requesting 
physician-assisted suicide included age over 65 years, white race, more formal 
education, and having medical insurance.

Importantly, use of physician-assisted suicide is rare. Over 20 years, less 
than 0.4% of all dying patients died by physician-assisted suicide.8 In the 
Netherlands and Belgium, where both euthanasia and physician-assisted suicide 
are legal, less than 2% of all deaths are by these measures, with 0.4 to 1.8% of 
all deaths as the result of euthanasia without the patient�s consent.9

Counterintuitively, in all jurisdictions where it has been studied, pain is 
not the primary motivation for requesting euthanasia or physician-assisted 
suicide. In Oregon, loss of autonomy, dignity, and fear of being a burden are 
cited by patients as the predominant motives. In addition, psychological dis-
tress, especially depression and hopelessness, seem to be more important than 
pain. Interviews with physicians and with patients with amyotrophic lateral 
sclerosis, cancer, or infection with human immunode�ciency virus show that 
pain is not associated with interest in euthanasia or physician-assisted suicide; 
instead, depression and hopelessness are the strongest predictors of interest. 
�ese �ndings raise important issues about the involvement of mental health 
experts in a�empts to determine whether psychiatric treatment would change 
a patient�s views.10

Finally, data from the Netherlands and the United States suggest that there 
are signi�cant problems in performing euthanasia and physician-assisted suicide. 
Dutch researchers reported that physician-assisted suicide causes complica-
tions in 7% of cases. Furthermore, the patients did not die, awoke from coma, 
or vomited up the medication in 15% of cases. Ultimately, in nearly 20% of 
physician-assisted suicide cases, the physician ended up injecting the patient 
with life-ending medication, converting physician-assisted suicide to euthanasia. 
�ese data raise serious questions about how to address complications of 
physician-assisted suicide when euthanasia is illegal or unacceptable.

 Practical Considerations
�ere is widespread agreement that if euthanasia and physician-assisted suicide 
are used, they should be considered only a�er all reasonable a�empts at physical 

�ere are four arguments against permi�ing euthanasia and physician-assisted 
suicide. First, Kant and Mill, the philosophical champions of individual 
autonomy, believed that autonomy itself did not allow a person voluntarily 
to end conditions that made them autonomous. As a result, both philosophers 
were against voluntary enslavement and suicide. �ey therefore argued that 
the exercise of autonomy cannot include the ending of life, which would mean 
ending the possibility of exercising autonomy. Second, many dying patients 
may experience pain and su�ering as the result of not receiving appropriate 
care. It is therefore possible that adequate care and pain management (Chapter 
27) might relieve su�ering without the need for euthanasia or physician-assisted 
suicide (Chapter 3). Although some patients may experience uncontrolled 
pain despite optimal end-of-life care, relatively few give pain as the justi�cation 
for seeking euthanasia or physician-assisted suicide. �ird, there is a clear 
ethical distinction between intentionally ending a life and terminating life-
sustaining treatments. Both the motivations and physical acts are di�erent. 
Injecting a life-ending medication, or providing a prescription for one, is not 
the same as removing or refraining from introducing an invasive medical 
intervention. Finally, permi�ing euthanasia and physician-assisted suicide may 
introduce adverse consequences. �ere are disturbing reports of involuntary 
euthanasia in the Netherlands and Belgium, and many worry about coercion 
of expensive or burdensome patients to accept euthanasia or physician-assisted 
suicide. Permi�ing euthanasia and physician-assisted suicide is likely to lead 
to further intrusions of lawyers, courts, and legislatures into the physician-
patient relationship.

�ere are four parallel arguments for permi�ing euthanasia and physician-
assisted suicide. First, it is argued that autonomy justi�es euthanasia and 
physician-assisted suicide. To respect autonomy requires permi�ing individuals 
to decide when and how it is be�er to end their lives. Second, bene�cence�
furthering the well-being of individuals�supports permi�ing euthanasia and 
physician-assisted suicide. In some cases, living can create more pain and suf-
fering than death; ending a painful life relieves more su�ering and produces a 
net good for the patient. Just the reassurance of having the option of euthanasia 
or physician-assisted suicide, even if not used, can provide �psychological 
insurance� and be bene�cial to people. �ird, euthanasia and physician-assisted 
suicide are no di�erent from termination of life-sustaining treatments that are 
recognized as ethically justi�ed. In both cases, the patient consents to die; 
in both cases, the physician intends to end the patient�s life and takes some 
action to end the patient�s life; and in both cases, the �nal result is the same: 
the patient�s death. With no di�erence in the patient�s consent, the physician�s 
intention, or the �nal result, there can be no di�erence in the ethical justi�ca-
tion. Fourth, the supposed slippery slope that would result from permi�ing 
euthanasia and physician-assisted suicide is unlikely. �e idea that permi�ing 

TABLE 2�3	 DEFINITIONS OF ASSISTED SUICIDE  
AND EUTHANASIA

TERM DEFINITION
Voluntary active 

euthanasia
Intentional administration of medications or other 

interventions to cause the patient�s death with the patient�s 
informed consent

Involuntary active 
euthanasia

Intentional administration of medications or other 
interventions to cause the patient�s death when the patient 
was competent to consent but did not consent (e.g., the 
patient may not have been asked)

Nonvoluntary active 
euthanasia

Intentional administration of medications or other 
interventions to cause the patient�s death when the patient 
was incompetent and was mentally incapable of consenting 
(e.g., the patient might have been in a coma)

Passive euthanasia Withholding or withdrawal of life-sustaining medical 
treatments from a patient to let him or her die (termination 
of life-sustaining treatments)�a poor term that should not 
be used

Indirect euthanasia Administration of narcotics or other medications to relieve 
pain with the incidental consequence of causing su�cient 
respiratory depression to result in the patient�s death

Physician-assisted 
suicide

A physician provides prescription medications or other 
interventions to a patient with the understanding that the 
patient can use them to commit suicide
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 Empirical Data
Financial con�icts are not rare, but they are frequently under-reported. �e 
more imaging facilities and specialty referrals a practice has, the greater the 
utilization of medical services and the higher the health care spending�o�en 
without any clear bene�t to the patients. In Florida, nearly 40% of physicians 
are owners of freestanding facilities to which they refer patients. In one study, 
4 to 4.5 times more imaging examinations were ordered by self-referring physi-
cians than by physicians who referred patients to radiologists. Similarly, patients 
referred to joint-venture physical therapy facilities have an average of 16 visits 
compared with 11 at non�joint-venture facilities. A recent study of urologists 
found that those who had integrated radiation facilities into their practices 
increased their radiation use by 2.5 times compared with urologists who did 
not have �nancial relationships with radiation facilities.

Similarly, multiple studies have shown that interaction with pharmaceutical 
representatives can lead to prescribing of new drugs, nonrational prescribing, 
and decreased use of generic drugs by physicians. Industry funding for con-
tinuing medical education payment for travel to educational symposia increases 
prescribing of the sponsor�s drug. A study of 1,400 FDA advisory commi�ee 
members found that 13% had some �nancial interest in a drug company whose 
product was being reviewed by that commi�ee; these members had a 63% 
chance of voting for its approval, and an 84% chance of doing so if they sat 
on advisory boards for that company. A separate study found that 80% of 
U.S.-based hematologist-oncologists who use Twi�er, o�en to tweet about 
pharmaceutical products, have at least one �nancial con�ict of interest, with 
median payments of over $1000.11

Regarding researcher con�icts of interest, the available data suggest that 
corporate funding does not appear to compromise the design and methodol-
ogy of clinical research; in fact, commercially funded research may be meth-
odologically more rigorous than government- or foundation-supported research. 
Conversely, data suggest that �nancial interests do distort researchers� inter-
pretation of data. �e most important impact of �nancial interests, however, 
appears to be on dissemination of research studies. Growing evidence suggests 
the suppression or selective publication of data unfavorable to corporate spon-
sors but the repeated publication of favorable results.

 Practical Considerations
First, �nancial con�icts of interest are inherent in any profession in which the 
professional earns income from rendering a service. Second, con�icts come 
in many di�erent forms, from legitimate payment for services rendered and 
ownership of medical laboratories and facilities, to drug company dinners, 
payment for a�endance at pharmaceutical meetings, and consultation with 
companies.

�ird, in considering how to manage con�icts, it is important to note that 
people are poor judges of their own potential con�icts. Individuals o�en cannot 
distinguish the various in�uences that guide their judgments, do not think of 
themselves as inherently bad, and do not imagine that payment shapes their 
judgments. Physicians tend to be defensive about charges of con�icts of inter-
est. In addition, con�icts tend to act insidiously, subtly changing practice pat-
terns so that they then become what appear to be justi�able norms.

Fourth, rules�whether laws, regulations, or professional standards�to 
regulate con�icts of interest are based on two considerations: (1) the likeli-
hood that payment or other secondary interests would create a con�ict, with 
greater �nancial interest tending to increase the risk of compromised judgment, 
and (2) the magnitude of the potential harm if judgment is compromised. 
Rules tend to be of three types: (1) disclosure of con�icts, (2) management 
of con�icts, and (3) outright prohibition. Federal law bans certain types of 
self-referral of physicians in the Medicare program. �e American Medical 
Association and the Pharmaceutical Research and Manufacturers of America 
have established joint rules that permit physicians to accept gi�s of minimal 
value but �refuse substantial gi�s from drug companies, such as the costs of 
travel, lodging, or other personal expenses�for a�ending conferences or 
meetings.� Additionally, the Physician Payment Sunshine Act, which was passed 
in 2010 as part of the A�ordable Care Act and went into e�ect in August 
2013, requires that drug and device manufacturers report all payments and 
transfers of value given to physicians to the Centers for Medicare and Medicaid 
Services so that such information can be published on a searchable public 
website.

Fi�h, there is much emphasis on disclosure of con�icts, with the implicit 
idea being that sunshine is the best disinfectant. Disclosure may be useful in 
publications for peers, but it is unclear whether this is a suitable safeguard in 

and psychological palliation have failed. A consensus�with slight di�erences�
among American states and European countries has emerged on safeguards. 
�ese safeguards include: (1) the patient must be competent and must request 
euthanasia or physician-assisted suicide repeatedly and voluntarily; (2) in the 
Netherlands and other European countries, the patient must have unbearable 
pain or other su�ering that cannot be relieved by optimal palliative interven-
tions; by comparison, there is no requirement for su�ering in the United States, 
but the patient must be terminally ill; (3) there should be a waiting period 
to ensure that the patient�s desire for euthanasia or physician-assisted suicide 
is stable and sincere; and (4) the physician should obtain a second opinion 
from an independent physician. Although there have been some prosecu-
tions in the United States, there have been no convictions�except for Dr. 
Kevorkian�when physicians and others have participated in euthanasia and 
physician-assisted suicide.

  FINANCIAL CONFLICTS OF INTEREST
 History
Worrying about how payment structures and fees compromise the integrity 
of medical decision making is not new. In 1899, a physician reported that 
more than 60% of surgeons in Chicago were willing to provide a 50% com-
mission to physicians for referring cases. He subsequently argued that in some 
cases, this fee spli�ing led to unnecessary surgical procedures. A 1912 study 
by the American Medical Association con�rmed that fee spli�ing was a common 
practice and it added to the list of physicians� �nancial con�icts of interest 
acts, which included selling patented medicines and patenting surgical instru-
ments. In the 1990s, the ethics of pharmaceutical and biotech companies 
paying clinical researchers and physicians again raised the issue of �nancial 
con�icts of interest.

 De�nition and Justi�cation
A con�ict of interest occurs when a physician�s secondary interests, such as 
making money, risks compromising or undermining a physician�s primary 
interest, especially promoting a patient�s well-being. Physicians also have other 
primary interests: (1) to advance biomedical research, (2) to educate future 
physicians, and, more controversially, (3) to promote public health (Table 
2-4). Physicians also have other, secondary interests, such as earning income, 
raising a family, contributing to the profession, and pursuing avocational inter-
ests, such as hobbies. �ese secondary interests are not evil; typically, they 
are legitimate, even admirable. A con�ict of interest occurs when one of these 
secondary interests could compromise pursuit of a primary interest, especially 
the patient�s well-being.

Con�icts of interest are problematic because they can, or at least appear 
to, compromise the integrity of physicians� judgment, the patient�s well-being, 
or research. Con�icts of interest can induce a physician to do something�
perform a procedure, fail to order a test, or distort data�that may not be in 
a patient�s best interest. �ese con�icts can undermine the trust of both the 
patient and the public, not only in an individual physician but also in the 
medical profession at large.

Sometimes a distinction may be claimed between actual and potential con-
�icts of interest, suggesting that a con�ict exists only when a physician�s judg-
ment is actually distorted or undermined. �is concept is wrong. An actual 
con�ict of interest occurs when a reasonable person could suspect that the 
physician�s judgment could have been altered by the secondary interest. Appear-
ances can be damaging, because it is di�cult for patients and the public to 
determine what motives in�uence a physician�s decision and it o�en is impos-
sible to know whether judgment actually has been distorted. Financial con�icts 
of interest are of particular concern, not because they are worse than other 
types of con�icts, but rather because they are more pervasive, identi�able, 
and regulated compared with other con�icts. Since ancient times, the ethical 
norm on con�icts has been clear: the physician�s primary obligation is to the 
patient�s well-being, and a physician�s personal �nancial well-being comes 
second and should never compromise this duty.

TABLE 2�4	 PRIMARY INTERESTS OF PHYSICIANS
Promotion of the health and well-being of their patients
Advancement of biomedical knowledge through research
Education of future physicians and health care providers
Promotion of public health



the clinical se�ing. Disclosure may instead make patients worry more. Patients 
may have no context in which to place the disclosure or to evaluate the physi-
cian�s clinical recommendation, and they may have few other options in selecting 
a physician or ge�ing care, especially in an acute situation. Furthermore, self-
disclosure o�en is incomplete, even when required.

Finally, some con�icts can be avoided by a physician�s own action. Physi-
cians can refuse to engage in personal investments in medical facilities or to 
accept gi�s from pharmaceutical companies at relatively li�le personal cost. 
In other circumstances, the con�icts may be institutionalized, and minimizing 
them can occur only by changing the way organizations structure reimburse-
ment incentives. Capitation encourages physicians to limit medical services, 
and its potentially adverse e�ects are likely to be managed by institutional 
rules rather than by personal decisions.

  FUTURE DIRECTIONS
In the near future, as genetics moves from the research to the clinical se�ing, 
practicing physicians are increasingly likely to encounter ethical issues sur-
rounding genetic testing, counseling, and treatment. �e use of genetic tests 
without the extensive counseling so common in research studies would alter 
the nature of the bioethical issues. Because these tests have serious implica-
tions for the patient and others, scrupulous a�ention to informed consent 
must occur. �e bioethical issues raised by genetic tests for somatic cell changes, 
such as tests that occur commonly in cancer diagnosis and risk strati�cation, 
are no di�erent from the issues raised with the use of any laboratory or radio-
graphic test.

In some cases, ethics consultation services may be of assistance in resolving 
bioethical dilemmas, although current data suggest that consultation services 
are used mainly for problems that arise in individual cases and are not used 
for more institutional or policy problems.
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Medical content: Con�ict of interest
2.	 A patient with a headache goes to see his primary care physician. �e 

patient describes the pain as a dull throbbing, not particularly painful, and 
as having appeared 12 hours earlier a�er a poor night�s sleep. �e physician 
sits on an advisory board of a pharmaceutical company that makes pain 
relievers. Which of the following represents the MOST ethical course of 
action by the physician?
	A.	 O�er to enroll the patient in the study on a new pain relief medication 

for migraines.
	B.	 Order magnetic resonance imaging.
	C.	 Prescribe the patient pain relievers from the company on whose board 

the physician sits.
	D.	 Refer the patient to another provider, as the physician has too many 

con�icts of interest to be involved in this case.
	E.	 Recommend the patient take an over-the-counter pain reliever, go home, 

and call back if pain persists or worsens.
Answer: E  �e patient�s symptoms are neither severe nor life-threatening. 
Especially given the patient�s poor sleep prior to the headache�s onset, it is 
reasonable for the physician to only recommend over-the-counter pain relievers 
and follow-up should the pain persist. Enrolling the patient in the migraine 
study presents a con�ict of interest because the physician would be com-
pensated for such action, and it does not appear the patient actually su�ers 
from migraines. Ordering a magnetic resonance imaging scan would be an 
example of unnecessary care simply to increase the physician�s compensa-
tion. Prescribing medications from the company on which the physician sits 
on the board is also a con�ict of interest, because such prescription pills are 
not needed. If the physician is cognizant of his potential con�icts of interest, 
he can still provide high-quality care without having to refer the patient to 
another provider.

REVIEW QUESTIONS
Medical content: End-of-life care
1.	 A 26-year-old woman collapses in her apartment because of a cardiac arrest. 

Her husband calls 9-1-1 a�er discovering her unconscious. Paramedics 
take her to the hospital, where she is intubated, ventilated, and ultimately 
diagnosed as being in a persistent vegetative state. �e husband, appointed 
by the court as his wife�s legal guardian, moves to petition to remove the 
feeding tube. �e woman�s parents oppose the movement. �e woman has 
no living will. Who has the legal right to make end-of-life decisions in this 
case?
	A.	 �e husband, as he is the legal guardian.
	B.	 �e parents, as they are next of kin.
	C.	 �e state, as the woman lacked a living will.
	D.	 �e physicians, as they are the ones who would actually terminate care.
	E.	 �e hospital�s ethics commi�ee.

Answer: A  �is patient was legally incompetent and therefore unable to make 
end-of-life care decisions. Health care surrogates are selected according to the 
following priority: guardian, spouse, adult son or daughter, parents, adult 
siblings, adult relative, close friend, guardian of the estate. Her husband was 
therefore lawfully appointed to be her guardian and proxy decision maker, as 
he has higher priority than the woman�s parents. Despite the parents� objec-
tions, the husband has full legal authority to make the �nal decisions.





CHAPTER  3  PALLIATIVE CARE 10.e3

KEYWORDS
palliative care
serious illness
end-of-life
supportive care
advance directives
living wills
quality of life

ABSTRACT
Palliative care, which was developed to decrease the burden associated with 
chronic illness, emphasizes patient- and family-centered care that optimizes 
quality of life by anticipating, preventing, and treating su�ering. It is both a 
subspecialty and a key component of good medical care for seriously ill patients. 
Palliative care should be delivered throughout the course of a patient�s illness�
from diagnosis through death. �e specialty involves a multidisciplinary group 
of clinicians who work with the patients� primary clinicians to provide an 
extra layer of support. When caring for patients with serious illness, good 
palliative care requires that the following questions be addressed: (1) is the 
patient�s care consistent with his or her goals; (2) is the patient physically 
comfortable or psychologically su�ering; and (3) is the family su�ering. 
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E�FIGURE 3�2.  Edmonton Symptom Assessment System. (Hui D, Bruera E. The Edmonton Symptom Assessment System 25 years later: past, present, and future developments. J Pain 
Symptom Manage. 2017;53:630-643.) 
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whether increased morbidity and mortality are caused by the physical e�ects 
of the illness or by the psychological e�ects of depression and anxiety on 
energy, appetite, or sleep. Screening questions focusing on mood (e.g., �Have 
you felt down, depressed, and hopeless most of the time for the past 2 weeks?�) 
and anhedonism (e.g., �Have you found that li�le brings you pleasure or joy 
in the past 2 weeks?�) have been shown to help in diagnosing depression in 
this population. Increasing data show that treatment of depression in chronic 
illness is possible and improves both morbidity and mortality.

For patients and families facing mortality, existential and spiritual con-
cerns are common. Progressive illness o�en raises questions of love, legacy, 

in more than 75% of patients with cancer. Advances such as intrathecal pumps 
and neurolytic blocks are helpful in the remaining 25% (Chapter 27). �e 
use of oxygen is not helpful for refractory dyspnea except when hypoxia has 
been documented, whereas use of medications for depression o�en can be 
helpful (Chapter 369).

 Is the Patient Psychologically Su�ering?
Patients may be physically comfortable but still su�ering. Psychological symp-
toms and syndromes such as depression, delirium, and anxiety are common 
in patients with life-limiting or chronic illnesses. It may be di�cult to determine 

TABLE 3�1	 APPROACHES TO THE MANAGEMENT OF PHYSICAL AND PSYCHOLOGICAL SYMPTOMS
SYMPTOM ASSESSMENT TREATMENT
Pain How severe is the symptom (as assessed with the use of validated 

instruments) and how does it interfere with the patient�s life?
What is the etiology of the pain?
Is the pain assumed to be neuropathic or somatic?
What has the patient used in the past (calculate previous days� equal 

analgesic dose)?

Prescribe medications to be administered on a standing or regular basis if pain is 
frequent.

For mild pain: use acetaminophen or a nonsteroidal anti-in�ammatory agent.
For moderate pain: titrate short-acting opioids (see Table 27-4).
For severe pain: rapidly titrate short-acting opioids until pain is relieved or 

intolerable side e�ects develop; start long-acting opiates once pain is 
controlled.

Rescue doses: prescribe immediate-release opioids�10% of the 24-hour total 
opiate every hour (orally) or every 30 minutes (parenterally) as needed.

Concomitant analgesics (e.g., corticosteroids, anticonvulsants, tricyclic 
antidepressants, and bisphosphonates) should be used when applicable 
(particularly for neuropathic pain).

Consider alternative medicine and interventional treatments for pain.
Constipation Is the patient taking opioids?

Does the patient have a fecal impaction?
Prescribe laxatives for all patients on opiates.
If ine�ective, add drugs from multiple classes (e.g., stimulant, osmotic laxatives, 

and enemas).
Prescribe methylnaltrexone if still constipated.

Shortness of breath Ask the patient to assess the severity of the shortness of breath.
Does the symptom have reversible causes?

Prescribe oxygen to treat hypoxia-induced dyspnea, but not if the patient is not 
hypoxic.

Opioids relieve breathlessness without measurable reductions in respiratory rate 
or oxygen saturation; e�ective doses are o�en lower than those used to treat 
pain. Aerosolized opiates do not work.

Fans or cool air may work through a branch of the trigeminal nerve.
Use reassurance, relaxation, distraction, and massage therapy.

Fatigue Is the patient too tired for activities of daily living?
Is the fatigue secondary to depression?
Is a disease process causing the symptom or is it secondary to 

reversible causes?

Provide cognitive education about conserving energy use.
Treat underlying conditions appropriately.

Nausea Which mechanism is causing the symptom (e.g., stimulation of the 
chemoreceptor trigger zone, gastric stimulation, delayed gastric 
emptying or �squashed stomach� syndrome, bowel obstruction, 
intracranial processes, or vestibular vertigo)?

Is the patient constipated?

Prescribe an agent directed at the underlying cause (Chapter 123).
If persistent, give antiemetic around the clock.
Multiple agents directed at various receptors or mechanisms may be required.

Anorexia and cachexia Is a disease process causing the symptom, or is it secondary to other 
symptoms (e.g., nausea and constipation) that can be treated? Is 
the patient troubled by the symptom or is the family worried 
about what not eating means?

A nutritionist may help �nd foods that are more appetizing (Chapter 202).
Provide counseling about the prognostic implications of anorexia (Chapter 206).

Delirium Is the cause reversible?
Is the confusion acute, over hours to days?
Does consciousness wax and wane?
Is there a problem of a�ention?
Does the patient have disorganized thinking?
Does the patient have an altered level of consciousness�either 

agitated or drowsy?

Identify underlying causes and manage symptoms (Chapter 25).
Recommend behavioral therapies, including avoidance of excess stimulation, 

frequent reorientation, and reassurance.
Ensure presence of family caregivers and explain delirium to them.
Prescribe haloperidol, risperidone, or olanzapine.

Depression Over the last 2 weeks, have you been bothered (0) not at all, (1) 
several days, (2) more than half the days, (3) every day by:

� Li�le interest or pleasure in doing things
� Feeling down, depressed, or hopeless

Add the points for each answer. For a score �2, further evaluation is 
recommended, with consideration of supportive psychotherapy, cognitive 
approaches, behavioral techniques, pharmacologic therapies (see Table 
369-5), or a combination of these interventions. Prescribe psychostimulants 
for rapid treatment of symptoms (within days) or selective serotonin reuptake 
inhibitors, which may require 3 to 4 weeks to take e�ect; tricyclic 
antidepressants are relatively contraindicated because of their side e�ects.

Anxiety (applicable also 
for family members)

Over the last 2 weeks, have you been bothered (0) not at all, (1) 
several days, (2) more than half the days, (3) every day by:

� Feeling nervous, anxious, or on edge
� Not being able to stop or control worrying

Add the points for each answer. A score of �2 should lead to a more in-depth 
evaluation (see Chapter 369) and consideration of supportive counseling and 
benzodiazepines (Table 369-9).

Spiritual distress Are you at peace? Inquire about spiritual support.
Modi�ed from Morrison RS, Meier DE. Palliative care. N Engl J Med. 2004;350:2582-2590.
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for a year a�er the patient�s death, have the opportunity to assess whether the 
grief symptoms persist or worsen.

 Is the Patient�s Care Consistent with the Patient�s Goals?
�e sine qua non for palliative care is ensuring that the treatment plan is 
consistent with the patient�s values. Some patients prefer longevity over quality 
of life, but a large proportion of elderly, seriously ill patients are not focused 
on living as long as possible. Instead, they want to maintain a sense of control, 
relieve their symptoms, improve their quality of life, avoid being a burden on 
their families, and have a closer relationship with their loved ones.

Ensuring that treatment is consistent with a patient�s goals requires good 
communication skills (Table 3-3). �e approaches to giving bad news, 

 Is the Family Su�ering?
Families, de�ned broadly as those individuals who care most for the patient, 
are an important source of support for most patients. Families provide informal 
caregiving, o�en at the expense of their own physical, economic, and psycho-
logical health. Good palliative care requires an understanding of how the family 
is coping and a search for ways to provide family members with the social or 
clinical resources they need to improve their well-being. Comprehensive and 

loss, and meaning. A physician�s role is not to answer these questions or 
to provide reassurance, but rather to understand concerns of the patient 
and family, how they are coping, and what resources might help. Spiritu-
ality o�en is a source of comfort, and physicians can ascertain a patient�s 
beliefs using a brief instrument such as the FICA Spiritual Assessment 
Tool (Table 3-2). A single screening question such as �Are you at peace?� 
may identify patients who are in spiritual distress and facilitate referrals to  
chaplains.

STUDY ID#

Date:

Name:
Last First Middle Initial

HOSPITAL ID#
DO NOT WRITE ABOVE THIS LINE

Brief Pain Inventory (Short Form)

Time:

1.   Throughout our lives, most of us have had pain from time to time (such as minor headaches, sprains, and toothaches). Have you 
      had pain other than these everyday kinds of pain today?

2.   On the diagram, shade in the areas where you feel pain.  Put an X on the area that hurts the most.

3.   Please rate your pain by circling the one number that best describes your pain at its  worst  in the last 24 hours.

0
No
pain

Pain as bad as
you can imagine

1

1. Yes 2. No

2 3 4 5 6 7 8 9 10

0
No
pain

Pain as bad as
you can imagine

1 2 3 4 5 6 7 8 9 10

4.   Please rate your pain by circling the one number that best describes your pain at its  least  in the last 24 hours.

0
No
pain

Pain as bad as
you can imagine

1 2 3 4 5 6 7 8 9 10

5.   Please rate your pain by circling the one number that best describes your pain on the  average.

0
No
pain

Pain as bad as
you can imagine

1 2 3 4 5 6 7 8 9 10

6.   Please rate your pain by circling the one number that tells how much pain you have  right now.

Right Left RightLeft

FIGURE 3�1.  Brief Pain Inventory (short form). (Copyright 1991. Charles S. Cleeland, PhD, Pain Research Group. All rights reserved.) 
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for a year a�er the patient�s death, have the opportunity to assess whether the 
grief symptoms persist or worsen.

 Is the Patient�s Care Consistent with the Patient�s Goals?
�e sine qua non for palliative care is ensuring that the treatment plan is 
consistent with the patient�s values. Some patients prefer longevity over quality 
of life, but a large proportion of elderly, seriously ill patients are not focused 
on living as long as possible. Instead, they want to maintain a sense of control, 
relieve their symptoms, improve their quality of life, avoid being a burden on 
their families, and have a closer relationship with their loved ones.

Ensuring that treatment is consistent with a patient�s goals requires good 
communication skills (Table 3-3). �e approaches to giving bad news, 

individually targeted interventions can reduce caregivers� burdens, although 
the absolute bene�ts are relatively small.

Because patients in palliative care o�en die, the palliative care team must 
address bereavement and postdeath family su�ering. Good communication 
and informational brochures in an intensive care unit can decrease family 
members� adverse psychological outcomes a�er death. A le�er of condolence 
or a follow-up phone call to the next of kin a�er a patient�s death is respectful 
and o�ers the opportunity to clarify questions about the patient�s care. Some 
family members su�er from complicated grief�a recently described syndrome 
associated with separation and traumatic distress, with symptoms persisting 
for more than 6 months. Primary care physicians, who have ongoing relation-
ships with the loved one, and hospices, which provide bereavement services 
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7.   What treatments or medications are you receiving for your pain?

9.   Circle one number that describes how, during the past 24 hours, pain has interfered with your:
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8.   In the last 24 hours, how much relief have pain treatments or medications provided? Please circle the one percentage that most
shows how much  relief  you have received.
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FIGURE 3�1, cont�d.
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be aware of the possibility that your health may deteriorate quickly, and you 
should plan accordingly. We probably are dealing with weeks to months, 
although some patients do be�er, and some do worse. Over time, the course 
may become clearer, and if you wish, I may be able to be a li�le more precise 
about what we are facing.�

�e physician must discuss these topics in an empathic way. Palliative care 
conversations are as much about emotions as facts. Talking about disease 
progression or death may elicit negative emotions such as anxiety, sadness, 
or frustration. �ese emotions decrease a patient�s quality of life and interfere 
with the ability to hear factual information. Empathic responses strengthen 
the patient-physician relationship, increase the patient�s satisfaction, and make 
the patient more likely to disclose other concerns. �e �rst step is recognizing 

discussing goals of care, and talking about forgoing life-sustaining treatment 
have similar structures.5 First, the patient needs to understand the basic facts 
about the diagnosis, possible treatments, and prognosis. �e communication 
skill that helps physicians communicate information is Ask-Tell-Ask�exploring 
what the patient knows or wants to know, then explaining or answering ques-
tions, and then providing an opportunity for the patient to ask more. In the 
hospital, where discontinuity of care is common and misunderstandings fre-
quent, it is important to determine what the patient knows before providing 
information so as to keep everyone well coordinated. When giving bad news, 
knowing what the patient knows allows the physician to anticipate the patient�s 
reaction. Finally, information must be titrated based on the patient�s prefer-
ences. Although most patients want to hear everything about their disease, a 
minority do not. �ere is no foolproof way to ascertain what any patient wants 
to know other than by asking.

When giving patients information, it is important to give small pieces of 
information, not use jargon, and to con�rm that patients understand what 
they have been told.6 Caregivers should focus on the key message the patient 
should hear (the headline) rather than overwhelming the patient with bio-
medical information. Giving information is like dosing a medication: one 
gives information, checks understanding, and then gives more information 
based on what the patient has heard.

A�er ensuring that the doctor and the patient have a shared understanding 
of the medical facts, the physician should engage in an open-ended conversa-
tion about the patient�s goals as the disease progresses. �is strategy requires 
that the patient be asked about both hopes and fears. One might ask: �Given 
the medical situation, as you think about the future, what brings you joy and 
pleasure?� �If your time is limited, what are the things that are most important 
to achieve?� �What are your biggest fears or concerns?� �As you think about 
the future what do you want to avoid or not have the doctors do?� �e clini-
cian can use an understanding of these goals to make recommendations about 
which treatments to provide and which treatments would not be helpful. As 
a result, early palliative care can improve quality of life, mood, and even 
survival.

Physicians �nd talking about prognosis particularly di�cult for two reasons: 
�rst, it is hard to foretell the future accurately; and second, they fear this 
information will �take away patients� hope.� �us, they o�en avoid talking to 
patients about these issues unless speci�cally asked. Although some patients 
do not want to hear prognostic information, for many patients, this informa-
tion helps them plan their lives. Patients who are told that their disease is 
generally terminal are more likely to spend a longer period of time in hospice 
and avoid aggressive treatment at the end of life, without adverse psychological 
consequences. Furthermore, their families usually have fewer postdeath adverse 
psychological outcomes.

Given that one cannot guess how much information to provide, a physician 
can start these conversations by asking, �Are you the kind of person who wants 
to hear about what might happen in the future with your illness or would you 
rather take it day by day?� If the patient requests the la�er, the physician can 
follow up by asking if there is someone else with whom he or she can talk 
about the prognosis. Second, before giving prognostic information, it is useful 
to inquire about the patient�s concerns in order to provide information in the 
most useful manner. Finally, it is appropriate when discussing prognostic 
information to acknowledge uncertainty: ��e course of this cancer can be 
quite unpredictable, and physicians don�t have a crystal ball. I think you should 

TABLE 3�2	 FICA SPIRITUAL ASSESSMENT TOOL
F�What is your faith/religion? Do you consider yourself a religious or spiritual 

person? What do you believe in that gives meaning/importance to life?
I�Importance and in�uence of faith. Is your faith/religion important to you? How 

do your beliefs in�uence how you take care of yourself? What are your most 
important hopes? What role do your beliefs play in regaining your health? What 
makes life most worth living for you? How might your disease a�ect this?

C�Are you part of a religious or spiritual community? Is this of support to you, 
and how? Is there a person you really love or is very important to you? How is 
your family handling your illness? What are their reactions/expectations?

A�How would you like me to address these issues in your health care? What might 
be le� undone if you were to die today? Given the severity or chronicity of your 
illness, what is most important for you to achieve? Would you like me to talk to 
someone about religious/spiritual ma�ers?

From Puchalski C, Romer A. Taking a spiritual history. J Palliat Med. 2000;3:129-137.

TABLE 3�3	 CORE COMMUNICATION SKILLS
RECOMMENDED 
SKILL EXAMPLE
A.  IDENTIFYING CONCERNS AND RECOGNIZING CUES
Elicit Concerns
Open-ended questions �Is there anything you wanted to talk to me about today?�
Active listening Allowing patient to speak without interruption; allowing 

pauses to encourage patient to speak
Recognize Cues
Informational concerns Patient: �I�m not sure about the treatment options�

Emotional concerns Patient: �I�m worried about that�
B.  RESPONDING TO INFORMATIONAL CONCERNS
�Ask-tell-ask� Topic: communicating information about cancer stage
Ask �Have any of the other doctors talked about what stage this 

cancer is?�
Tell ��at�s right, this is a stage IV cancer, which is also called 

metastatic cancer��
Ask �Do you have questions about the staging?�
C.  RESPONDING TO EMOTIONAL CONCERNS
Nonverbal Empathy: S-O-L-E-R
S Face the patient Squarely
O Adopt an Open body posture
L Lean toward the patient
E Use Eye contact
R Maintain a Relaxed body posture
Verbal Empathy: N-U-R-S-E
N Name the emotion: �You seem worried�
U Understand the emotion: �I see why you are concerned 

about this�
R Respect the emotion: �You have shown a lot of strength�
S Support the patient: �I want you to know that I will still be 

your doctor whether you have chemotherapy or not�
E Explore the emotion: �Tell me more about what is 

worrying you�
D. DISCUSSING GOALS OF CARE
R Reframe that the status quo is not working: �I worry that 

more treatment will hurt you more than help�
E Expect emotion: �I can see this is not what you wanted to 

hear�
M Map the patient values: �Have you ever �lled out a living 

will?� �Given the medical situation, what brings you joy 
and meaning?� �As you look at the future what do you 
want to avoid?�

A Align with the patient values: �What I am hearing you say 
is.��

P Propose a plan
Adapted from Back AL, Arnold RM, Tulsky JA. Discussing Prognosis. Alexandria, VA: American 
Society of Clinical Oncology; 2008.



when the patient is expressing emotions. Once the physician recognizes the 
emotion being expressed, he or she can respond empathically.

It is also important for physicians to recognize their own emotional reac-
tions to these conversations. �e physician�s emotional reactions color impres-
sions of the patient�s prognosis, thereby making it hard to listen to the patient, 
and may in�uence the physician to hedge bad news. �e physician should 
become aware of her or his own emotional reactions to ensure that the con-
versation focuses on the patient rather than the health care provider�s needs.

In addition to good communication skills, palliative care requires a basic 
knowledge of medical ethics and the law. For example, patients have the moral 
and legal right to refuse any treatment, even if refusal results in their death. 
�ere is no legal di�erence between withholding and withdrawing life-sustaining 
treatment. In many states, physicians� aides can legally help in the dying process 
by clearly prescribed methods. When confronted with areas of ambiguity, the 
physician should know how to obtain either a palliative care or ethics 
consultation.

During the past 10 years, there has been a societal push to encourage patients 
to designate health care proxies and to create advance care planning docu-
ments, typi�ed by the use of living wills.7 �ese documents are meant to 
protect patients against unwanted treatments and to ensure that as they are 
dying, their wishes are followed. Unfortunately, there are few empirical data 
showing that these documents actually change practice. Still, discussions of 
the documents with health professionals and family members generally provoke 
important conversations about end-of-life care decisions and may help families 
confronted with di�cult situations know they are respecting their loved one�s 
wishes.8

 Is the Patient Going to Die in the Location of Choice?
Most patients say that they want to die at home. Unfortunately, most patients 
die in institutions�either hospitals or nursing homes. Burdensome transitions 
decrease quality in end-of-life care. Good palliative care requires establishing 
a regular system of communication to minimize transitional errors. A social 
worker who knows about community resources is important in the develop-
ment of a dispositional plan that respects the patient�s goals.

Hospice programs are an important way to allow patients to die at home. 
In the United States, hospice refers to a speci�c, government-regulated form of 
end-of-life care, available under Medicare since 1982 but subsequently adopted 
by Medicaid and many other third-party insurers. Hospice care typically is 
given at home, a nursing home, or specialized acute care unit. Care is provided 
by an interdisciplinary team, which usually includes a physician, nurse, social 
worker, chaplain, volunteers, bereavement coordinator, and home health aides, 
all of whom collaborate with the primary care physician, patient, and family. 
Bereavement services are o�ered to the family for a year a�er the death.

Hospices are paid on a per diem rate and are required to cover all the costs 
related to the patient�s life-limiting illness. Because of this and the fact that 
their focus is on comfort rather than life prolongation, many hospices will 
not cover expensive treatments such as inotropic agents in heart failure or 
chemotherapy in cancer, even if they have a palliative e�ect. Not surprisingly, 
many hospices are experimenting with di�erent service models that do not 
require patients to forgo possibly life-prolonging treatments, in an a�empt 
to enroll patients earlier in the course of their illness and increase access to 
their services.

Hospice care for nursing home residents is associated with less aggressive 
care near death but an overall increase in Medicare expenditures.9 By com-
parison, interdisciplinary palliative care for hospitalized adults with serious 
illness can reduce costs.10

  Grade A References

A1.	 Kavalieratos D, Corbelli J, Zhang D, et al. Association between palliative care and patient and caregiver 
outcomes: a systematic review and meta-analysis. JAMA. 2016;316:2104-2114.

A2.	 Beernaert K, Smets T, Cohen J, et al. Improving comfort around dying in elderly people: a cluster 
randomised controlled trial. Lancet. 2017;390:125-134.

A3.	 Gaertner J, Siemens W, Meerpohl JJ, et al. E�ect of specialist palliative care services on quality of 
life in adults with advanced incurable illness in hospital, hospice, or community se�ings: systematic 
review and meta-analysis. BMJ. 2017;357:j2925.

A4.	 Rogers JG, Patel CB, Mentz RJ, et al. Palliative care in heart failure: the PAL-HF randomized, con-
trolled clinical trial. J Am Coll Cardiol. 2017;70:331-341.

GENERAL REFERENCES

For the General References and other additional features, please visit Expert Consult 
at h�ps://expertconsult.inkling.com.



CHAPTER  3  PALLIATIVE CARE 15.e1

GENERAL REFERENCES
1.	 Ferrell BR, Temel JS, Temin S, et al. Integration of palliative care into standard oncology care: American 

society of clinical oncology clinical practice guideline update. J Clin Oncol. 2017;35:96-112.
2.	 Kelley AS, Morrison RS. Palliative care for the seriously ill. N Engl J Med. 2015;373:747-755.
3.	 Hui D, Bruera E. �e Edmonton Symptom Assessment system 25 years later: past, present, and 

future developments. J Pain Symptom Manage. 2017;53:630-643.
4.	 Kavalieratos D, Gelfman LP, Tycon LE, et al. Palliative care in heart failure: rationale, evidence, and 

future priorities. J Am Coll Cardiol. 2017;70:1919-1930.
5.	 Bischo� K, O�Riordan DL, Marks AK, et al. Care planning for inpatients referred for palliative care 

consultation. JAMA Intern Med. 2018;178:48-54.

6.	 Center to Advance Palliative Care. h�ps://www.capc.org/. Accessed May 10, 2019.
7.	 Tolle SW, Back AL, Meier DE. Clinical decisions. End-of-life advance directive. N Engl J Med. 

2015;372:667-670.
8.	 Epstein AS, Prigerson HG, O�Reilly EM, et al. Discussions of life expectancy and changes in illness 

understanding in patients with advanced cancer. J Clin Oncol. 2016;34:2398-2403.
9.	 Gozalo P, Plotzke M, Mor V, et al. Changes in Medicare costs with the growth of hospice care in 

nursing homes. N Engl J Med. 2015;372:1823-1831.
10.	 May P, Normand C, Cassel JB, et al. Economics of palliative care for hospitalized adults with serious 

illness: a meta-analysis. JAMA Intern Med. 2018;178:820-829.



CHAPTER  3  PALLIATIVE CARE15.e2

4.	 Which of the following is true?
	A.	 Telling patients that they have a terminal illness will result in their losing 

hope.
	B.	 Telling patients they have a terminal illness has no impact on their 

desire for future treatment.
	C.	 Telling patients that they have terminal illnesses is associated with their 

choosing hospice more frequently.
	D.	 Patients have clearly stated that they do not want to be told that they 

have a terminal illness.
Answer: C  Data suggest that telling patients that they have a life-limiting 
illness is associated with a lower likelihood of choosing aggressive care at the 
end of life and is not associated with poorer psychiatric outcomes.

5.	 Which of the following is NOT a key component of the de�nition of 
specialty palliative care?
	A.	 �e care is interdisciplinary.
	B.	 �e care focuses on physical, spiritual, and psychological components.
	C.	 �e care is inconsistent with life-prolonging treatment.
	D.	 �e care model includes the family.

Answer: C  Specialty palliative care can be given while a patient is also receiv-
ing life-prolonging care. All the other answers are correct.

6.	 Pain is a common symptom in patients with cancer, and opiates are o�en 
required to control the pain. Patients who are taking oral opiates should 
also be assessed for which of the following problems?
	A.	 Hypogonadism
	B.	 Constipation
	C.	 HIV infection
	D.	 QT prolongation

Answer: B  Constipation is a very common symptom of opiates and most 
patients on opiates need a laxative. On the other hand, hypogonadism is an 
uncommon side e�ect of opiates and should not routinely be screened for. 
QT prolongation is seen with methadone but not other opiates. HIV is not 
associated with oral opiate use.

REVIEW QUESTIONS
1.	 A 75-year-old man with lung cancer is admi�ed to the hospital with severe 

shortness of breath. Work-up reveals no other cause of his shortness of 
breath other than lymphogenic spread of his cancer. His oxygen saturation 
is 94%. Which of the following treatments should be instituted for his 
dyspnea?
	A.	 Morphine
	B.	 Benzodiazepines
	C.	 Oxygen
	D.	 A and C
	E.	 All the above

Answer: A  In randomized controlled data, opioids have been shown to decrease 
dyspnea both in lung cancer patients and in patients with COPD. Oxygen is 
helpful only if the patient has hypoxia. Benzodiazepines have not been shown 
to decrease breathlessness.

2.	 Which of the following is NOT required for a patient to be in hospice?
	A.	 �e patient must be DNR.
	B.	 �e patient must have a life-limiting illness, which is likely to cause her 

death in 6 months.
	C.	 �e patient wishes to focus on quality of life rather than longevity of 

life.
	D.	 If the patient lives at home, she must have a primary caregiver.

Answer: A  �e patient does not have to be DNR to be in hospice. �e others 
are requirements of hospice.

3.	 Which of the following is true of depression in life-limiting illnesses?
	A.	 It is a normal reaction when people have a life-limiting illness, and it 

should not be treated.
	B.	 It cannot be improved because the treatments take too long to work in 

patients with serious illness.
	C.	 Treatment of depression decreases both morbidity and mortality.
	D.	 It requires a psychiatric consult because treatment is very complicated.

Answer: C  Data show that the treatment of depression improves both quality 
of life and mortality.
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ABSTRACT
Life expectancy in the United States varies substantially by race, ethnicity, 
and socioeconomic status. Relative to other racial and ethnic groups, African 
Americans have the highest death rates overall and due to heart disease and 
cancer�the two most common causes of death in the United States. American 
adults with low incomes have substantially shorter life expectancy than more 
a�uent adults, and the magnitude of this disparity di�ers widely among U.S. 
geographic areas. �ese di�erences arise from di�erences in health risk factors 
such as smoking and hypertension, as well as disparities in insurance coverage 
and access to care. �e increasing diversity of the U.S. population has created 
new challenges and opportunities for health care providers and organizations 
to serve patients from diverse backgrounds. Trained interpreters improve care 
for patients with limited English pro�ciency, and coordinated care especially 
bene�ts disadvantaged patients by reducing fragmentation. Health care orga-
nizations should implement reporting systems to monitor disparities in the 
quality and outcomes of care, set measurable goals for reducing disparities, 
and encourage programs to meet these goals.
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years. Adults with high incomes have experienced substantial gains in life 
expectancy related to their lower smoking rates and be�er control of hyper-
tension, hyperlipidemia, and other chronic health conditions and risk factors. 
By comparison, adults with low incomes have experienced minimal gains 
overall.4 Among middle-aged non-Hispanic white adults without postsecond-
ary education, life expectancy has actually decreased since 1999 as a result 
of rising death rates from alcohol-related liver disease, drug overdoses, and  
suicide.5

U.S. smoking rates have declined substantially since 1974, with the steepest 
drop among college graduates (Fig. 4-2). Higher smoking rates among less 
educated adults remain a major contributor to socioeconomic disparities in 
morbidity and mortality. �e temporal improvement in smoking rates overall 
has been o�set by marked increases in age-adjusted death rates due to drug 
overdoses�particularly among non-Hispanic whites, who have had a three-
fold increase in this death rate from 1999 to 2015 primarily due to opioid 
overdoses (Fig. 4-3).6

�e magnitude of socioeconomic disparities in mortality vary widely by 
geographic region within the United States. When considering life expec-
tancy at age 40, for example, adults with incomes in the lowest quartile can 
expect to survive to age 81 years in New York City and several California 
cities, but only to age 77 years in some cities in Ohio, Indiana, and Michigan. 
�ese disparities in life expectancy are primarily related to regional di�er-
ences in the prevalence of behavioral and metabolic risk factors, including 
smoking, limited physical activity, obesity, hypertension, and diabetes  
mellitus.7

have markedly elevated death rates from chronic liver disease (26.4 deaths 
per 100,000 vs. 10.8 among all persons). Asians and Paci�c Islanders together 
have lower-than-average death rates from each of the 10 leading causes of 
death, including markedly lower rates for heart disease, cancer, chronic lung 
disease, Alzheimer disease, poisoning, and suicide.

Major health risk factors that contribute to morbidity and mortality among 
adults vary substantially by race, ethnicity, and level of education. African 
American adults have the highest age-adjusted prevalence of hypertension 
(43%; Chapter 70), which is a major contributor to their high rates of heart 
disease, cerebrovascular disease, and kidney disease; whereas the prevalence 
of hypertension is substantially lower among non-Hispanic whites (29%), 
Hispanics (28%), and Asians (27%). In contrast, the prevalence of diabetes 
mellitus is substantially higher among African Americans (18%), Mexican 
Americans (18%), and Asians (16%) than among non-Hispanic whites (10%).2

Smoking rates (Chapter 29) vary widely in the United States by race/ethnicity 
and sex. Rates are highest among non-Hispanic white men (21%), African 
American men (22%), and American Indian men (28%) and women (24%). 
Smoking rates are intermediate among non-Hispanic white women (19%), 
African American women (14%), Hispanic men (16%), and Asian men (15%), 
and they are lowest among Hispanic women (7%) and Asian women (5%).3

  SOCIOECONOMIC DISPARITIES IN  
HEALTH OUTCOMES

Socioeconomic gradients in morbidity and mortality, which are a major 
component of health disparities, have widened in the United States in recent 
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FIGURE 4�1.  Life expectancy at birth. Note: Life expectancy data by Hispanic origin were available starting in 2006 and were corrected to address racial and ethnic misclassi�cation. 
(Source: NCHS, Health, United States, 2016, Figure 6. Data from the National Vital Statistics System [NVSS].)

TABLE 4�1	 AGE�ADJUSTED DEATH RATES FOR 10 LEADING CAUSES OF DEATH BY RACE/ETHNICITY IN UNITED STATES, 2015*

ALL PERSONS
WHITE, 

NON-HISPANIC
AFRICAN 

AMERICAN
HISPANIC 

OR LATINO
ASIAN OR PACIFIC 

ISLANDER
AMERICAN INDIAN 
OR ALASKA NATIVE

All causes 733.1 753.2 851.9 525.3 394.8 596.9
Heart disease 168.5 171.9 205.1 116.9 86.5 118.5
Cancer 158.5 163.7 180.1 110.3 99.0 107.9
Chronic lung disease 41.6 46.9 28.9 17.7 12.2 30.9
Cerebrovascular disease 37.6 36.4 50.8 32.3 29.8 24.7
Alzheimer disease 29.4 30.8 26.6 24.2 14.7 15.4
Diabetes mellitus 21.3 18.9 37.0 25.2 15.7 34.2
In�uenza & pneumonia 15.2 15.4 15.9 11.4 14.0 12.5
Poisoning 14.8 18.8 11.1 7.7 2.4 16.1
Kidney disease 13.4 12.2 25.4 11.4 8.3 12.2
Suicide 13.3 17.0 5.6 6.2 6.4 12.6
*Per 100,000 population, from Health, United States, 2016: With Chartbook on Long-term Trends in Health. Hya�sville, MD: National Center for Health Statistics; 2017:120-123.
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  INSURANCE COVERAGE AND ACCESS TO CARE
Health insurance coverage is an important contributor to racial, ethnic, and 
socioeconomic disparities in health care and health outcomes, especially for 
adults who are under age 65 years and do not have near-universal insurance 
coverage through Medicare as older adults do. Since the A�ordable Care Act 
was enacted in 2010, 31 states have expanded Medicaid to non-elderly adults 
with annual incomes below 138% of the federal poverty level (�$16,400 for 
a single adult in 2017). In all states, adults with incomes of 100 to 400% of 
the federal poverty level (about $12,000-$48,000) have become eligible for 
subsidized private insurance.

With this expanded coverage, rates of uninsurance have declined substan-
tially for poor and near-poor adults in all racial and ethnic groups since 2010 
(Fig. 4-4), although they still remain substantially higher for Hispanic and 
African American adults (Fig. 4-5).

Health insurance is a primary determinant of access to care, because it 
reduces �nancial barriers to preventive services such as smoking cessation 
and cancer screening and to e�ective care for chronic health conditions such 
as hypertension, diabetes, and heart disease. Uninsured adults are three to 
�ve times more likely to delay or forego needed care or prescription medica-
tions because of cost than are adults with private insurance or Medicaid (Fig. 
4-6). Gaining insurance coverage is associated with improved access to care 
and be�er health outcomes,8 particularly for middle-aged adults with low 
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FIGURE 4�2.  Current cigarette smoking: Adults aged 25�. Note: Smoked 100 cigarettes in their lifetime and now smoke every day or some days. (Source: NCHS, Health, United States, 
2016, Figure 10 and Table 48. Data from the National Health Interview Survey [NHIS].)

incomes and chronic health conditions such as hypertension and diabetes 
mellitus.

  QUALITY OF CARE
An extensive body of research has documented substantial racial and ethnic 
disparities in the quality of health care provided to patients with a wide range 
of major conditions, including heart disease, hypertension, diabetes mellitus, 
kidney disease, breast cancer, and colorectal cancer. Relative to non-Hispanic 
white adults, African American and Hispanic adults are much less likely to 
have good control of their hypertension or diabetes mellitus. �ese disparities 
are narrowed among Medicare enrollees nationally, and they have been elimi-
nated in Medicare health maintenance organizations in the western United 
States. Over time, such improvements in the control of hypertension and 
diabetes mellitus may further reduce disparities in cardiovascular mortality 
for African Americans relative to other racial and ethnic groups.

Similar improvements have been noted in the quality of hospital care nation-
ally for minority patients with acute myocardial infarction, heart failure, and 
pneumonia, for whom the quality of hospital care is now clinically equivalent 
by race and ethnicity. Most notably, substantial disparities in timely percutane-
ous coronary interventions (Chapter 63) and in rates of in�uenza and pneu-
mococcal vaccination (Chapter 15) have been eliminated for African American 
and Hispanic patients relative to non-Hispanic white patients.
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FIGURE 4�3.  Age-adjusted drug overdose death rates, by race and ethnicity: United States, 1999-2015. 1Signi�cant increasing trend, p � 0.005. 2Rate for non-Hispanic white persons 
was signi�cantly higher than for non-Hispanic black and Hispanic persons, p � 0.001. Notes: Deaths are classi�ed using the International Classi�cation of Diseases, Tenth Revision. Drug 
overdose deaths are identi�ed using underlying cause-of-death codes X40-X44, X60-X64, X85, and Y10-Y14. Deaths for Hispanic persons may be underreported by about 5%. Access 
data table for Figure 3 at: https://www.cdc.gov/nchs/data/databriefs/db273_table.pdf#3. (Source: Hedegaard H, Warner M, Miniæo AM. Drug overdose deaths in the United States, 1999�2015. 
NCHS data brief, no 273. Hyattsville, MD: National Center for Health Statistics. 2017.)
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  CLINICAL APPROACHES TO  
REDUCE DISPARITIES

�e increasing diversity of the U.S. population has created new challenges 
and opportunities for health care providers and organizations to meet the 
needs of patients from diverse backgrounds, particularly immigrants. �e 
federal O�ce of Minority Health has produced national standards for deliver-
ing culturally and linguistically appropriate health care, including the use of 
trained interpreters for patients with limited English pro�ciency. �e principal 
standard is to �provide e�ective, equitable, understandable, and respectful 
quality care and services that are responsive to diverse cultural health beliefs 
and practices, preferred languages, health literacy, and other communication 
needs.�9 Physicians and other caregivers who have undergone educational 
programs in cultural competencies may provide be�er care to diverse popula-
tions. A1  However, this training has not clearly improved patients� outcomes, 
such as reducing disparities in control of glycemia, blood pressure, or cholesterol 
for African Americans with diabetes mellitus.

Disparities in health care o�en arise from fragmented systems of care, par-
ticularly for conditions that require complex services, such as cancer, cardio-
vascular disease, end-stage renal disease, and organ transplantation. When 
care requires multiple specialists or sites of care, disparities also can be reduced 
by emphasizing patient-centered approaches that provide be�er coordinated 
care with enhanced support for patients from disadvantaged backgrounds, 
such as those who are uninsured or have less education or limited English 
pro�ciency. �is support may include multidisciplinary team-based care and 
enhanced outreach to patients and their families via care coordinators, patient 
navigators, and community health workers.10

It is also essential for clinical leaders in health care organizations to imple-
ment reporting systems (e.g., through enhanced electronic health records) to 
identify and monitor disparities related to race, ethnicity, language, and socio-
economic factors. �ese systems can be used to set measurable goals for reduc-
ing disparities in the quality and outcomes of care, motivate quality improvement 
programs to address clinically important disparities, and assess progress toward 
achieving these goals.
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REVIEW QUESTIONS
1.	 Which U.S. racial/ethnic group has the highest age-adjusted death rates 

due to heart disease?
	A.	 Non-Hispanic whites
	B.	 African Americans
	C.	 Hispanics
	D.	 Asians and Paci�c Islanders
	E.	 American Indians and Alaska Natives

Answer: B  African Americans have the highest U.S. death rates due to heart 
disease (Table 4-1). Major contributors to this increased risk include high 
rates of hypertension, diabetes, and smoking.

2.	 Which U.S. racial/ethnic group has the highest age-adjusted death rates 
due to opioid overdoses?
	A.	 Non-Hispanic whites
	B.	 African Americans
	C.	 Hispanics
	D.	 Asians and Paci�c Islanders
	E.	 American Indians and Alaska Natives

Answer: A  Deaths due to drug overdoses have more than tripled since 1999 
among non-Hispanic whites (Fig. 4-3). �is marked increase is largely due to 
increased rates of opioid overdoses.

3.	 Which U.S. racial/ethnic group has the highest percentage of uninsured 
non-elderly adults?
	A.	 Non-Hispanic whites
	B.	 African Americans
	C.	 Hispanics
	D.	 Asians and Paci�c Islanders
	E.	 American Indians and Alaska Natives

Answer: C  In 2017, 24% of non-elderly Hispanic adults were uninsured (Fig. 
4-5). Hispanic adults are more likely to be undocumented or recent legal 
immigrants who are not eligible for expanded Medicaid coverage or subsidized 
private insurance under the A�ordable Care Act. Low-income Hispanic adults 
are also more likely to reside in states such as Texas and Florida that have 
chosen not to expand Medicaid.
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ABSTRACT
Global health addresses the health of all population of all nations, including 
inequities between and within nations. While de�ning health, it is important 
to evaluate both morbidity and mortality. �e estimated 55 million annual 
worldwide deaths are dominated by noncommunicable diseases, even in low- 
and middle-income countries where HIV/AIDS, tuberculosis, and malaria 
are still important causes of morbidity and mortality. In 2015, the United 
Nations adopted a set of sustainable development goals to end poverty, protect 
the planet, and reduce premature mortality from noncommunicable disease 
by one third by 2030. Universal health coverage is a key to realize global health 
and to bring global equity.
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so-called double burden. Concerted global health e�orts and public awareness, 
as well as investments by industrialized countries, multilateral agencies, and 
nongovernmental organizations, have resulted in signi�cant progress against 
HIV/AIDS (Chapter 360). �e worldwide mortality owing to HIV/AIDS 
and tuberculosis rose by 50% in 2010 compared with 1990 and then declined 
by 30% in 2015, but drug-resistant tuberculosis (Chapter 308) is an increasing 
worldwide challenge.6

Although malaria deaths have fallen worldwide over the last decade, malaria 
is a rising threat in parts of Southeast Asia�especially Cambodia, Myanmar, 
�ailand, and Vietnam�where drug resistance to antimalaria medications is 
problematic.

�e age of the population is increasing all over the world, and so is the 
number of people living with consequences of diseases and injuries. Epide-
miological shi�s driven by socioeconomic change also contribute to the 
worldwide increase in years lived with disability as well as the rate of increase 
in years lived with disability.7 Although some countries have recognized the 
problem of aging and developed programs to deal with its burden on health 
care resources, many countries are not prepared at all.8

Noncommunicable diseases account for nearly two thirds of the global 
burden of disease. Nearly 80% of all noncommunicable diseases related to 
death and disability occur in the low- and middle-income countries,9 where 
they account for about 14 million deaths in people under age 60 years. �e 
prevention and control of noncommunicable diseases should involve both 
upstream and downstream approaches, such as: social determinants; national 
and international policies regarding trade, agriculture, transportation, and 
environmental and other policies; health care, including accessibility, avail-
ability, and a�ordability; and se�ings, such as schools and worksites, where 
health promotion and disease prevention are targeted, as well as media by 
which health can be in�uenced.

Population growth and aging also have resulted in an increasing number 
of people living with atherosclerotic vascular disease worldwide, despite the 
decrease in the age-adjusted incidence of myocardial infarction and ischemic 
stroke in high-income regions. Rising levels of obesity (Chapter 207) and 
diabetes (Chapter 216) have reached epidemic proportions in many coun-
tries. Smoking (Chapter 29) rates are increasing in low-income countries, 
with the increase more than o�se�ing declines in high-income countries.10 
Hypertension (Chapter 70) has an estimated worldwide prevalence of 35 to 
45% of the global population�more than 2 billion people over the age of 25 

Global health requires using a wide range of institutions that collaborate 
in addressing all health issues. Global health also depends on the constructive 
use of evidence-based information to provide health and health equity, in part 
by strengthening primary health care and the health care delivery system.

Millennium Development Goals
In an a�empt to address global inequity, the United Nations advanced eight 
millennium development goals with the objective of achieving these goals 
between 2000 and 2015. �ese eight goals incorporate 21 targets (E-Table 
5-1), with a series of measurable health and economic indicators for each 
target. Although many of the targets have not yet been achieved, substantial 
progress has been made toward all targets.3

�e millennium development goals emphasize that health and development 
are interconnected. To address global inequity, fundamental issues include 
reducing poverty, improving education, and empowering people. In addition 
to speci�c goals for reducing infant and child mortality, maternal mortality, 
and mortality owing to infectious diseases such as HIV/AIDS, malaria, and 
tuberculosis, the millennium development goals strongly encourage environ-
mental sustainability and global partnership.

  GLOBAL BURDEN OF DISEASES
�e global burden of disease is measured in terms of total and cause-speci�c 
mortality and morbidity, as well as the national economic burden for health 
care. About 55 million people die from all causes annually, with about 25% 
of deaths due to communicable, maternal, neonatal, and nutritional disorders, 
65% due to noncommunicable diseases, and 10% due to injuries (Table 5-2).4 
Although overall deaths between 1990 and 2010 increased by 13.5%, medical 
and public health advancements reduced deaths from communicable diseases 
by 17%, whereas deaths due to noncommunicable disease increased by 30% 
and deaths due to injury, including war-related deaths, increased by 24%.

Child mortality under the age of 5 years decreased by 52% between 1990 
and 2015. Neonatal deaths and stillbirths also have fallen signi�cantly.5

  CHANGING PATTERNS OF DISEASES
Despite the general trends of declining morbidity and mortality from com-
municable diseases, parts of Africa, Asia, and Latin America are still facing 
the challenges of infectious diseases, such as HIV, malaria, and tuberculosis, 
even as their prevalence of chronic noncommunicable diseases has risen�a 

TABLE 5�2	 GLOBAL DEATHS IN 1990 AND 2015 FOR ALL AGES AND BOTH SEXES COMBINED

CAUSES OF DEATH
ALL AGES—DEATHS (THOUSANDS)

% CHANGE1990 2015
ALL CAUSES 46,511 55,793 �20
Communicable, Maternal, Neonatal, and Nutritional Disorders 15,859 11,264 �29
HIV/AIDS and tuberculosis 1770 2,305 �30
Diarrhea, lower respiratory infection, and other common IDs 7772 4,960 �36
Neglected tropical diseases and malaria 1211 843 �30
Maternal disorders 359 275 �23
Neonatal disorders 3081 2163 �30
Nutritional de�ciencies 977 406 �58
Other communicable, maternal, neonatal, and nutritional disorders 690 311 �55
Noncommunicable Diseases 26,560 39,804 �50
Neoplasm 5779 8,765 �52
Cardiovascular and circulatory diseases 11,903 17,921 �51
Chronic respiratory diseases 3986 3,796 �5
Cirrhosis of the liver 778 1,292 �66
Digestive diseases (except cirrhosis) 973 1,203 �24
Neurologic disorders 595 2,259 �280
Mental and behavioral disorders 138 325 �136
Diabetes, urogenital, blood, and endocrine diseases 1544 3,409 �121
Musculoskeletal disorders 70 90 �29
Other noncommunicable diseases 794 745 �6
Injuries 4092 4,725 �16
Transport injuries 958 1,467 �53
Unintentional injuries other than transport injuries 2030 1,839 �9
Self-harm and interpersonal violence 1009 1,238 �23
Forces of nature, war, and legal intervention 95 183 �93
HIV/AIDS � human immunode�ciency virus infection/acquired immunode�ciency syndrome; ID � infectious disease.
Adapted from Lozano R, Naghavi M, Foreman K, et al. Global and regional mortality from 235 causes of death for 20 age groups in 1990 and 2010: a systematic analysis for the Global Burden of Disease Study 
2010. Lancet. 2012;380:2095-2128; and GBD 2015 Mortality and Causes of Death Collaborators. Global, regional, and national life expectancy, all-cause mortality, and cause-speci�c mortality for 249 causes of 
death, 1980-2015: a systematic analysis for the Global Burden of Disease Study 2015. Lancet. 2016;388:1459-1544.



CHAPTER  5  GLOBAL HEALTh 20.e1

E�TABLE 5�1	 MILLENNIUM DEVELOPMENT GOALS AND TARGETS �2000�2015�
GOAL 1: E�DICATE EXTREME POVERTY AND HUNGER
Target 1A: Halve, between 1990 and 2015, the proportion of people living on less than $1.25 a day.
Target 1B: Achieve decent employment for women, men, and young people.
Target 1C: Halve, between 1990 and 2015, the proportion of people who su�er from hunger.
GOAL 2: ACHIEVE UNIVERSAL PRIMARY EDUCATION
Target 2A: By 2015, all children (girls and boys) can complete a full course of primary schooling.
GOAL 3: PROMOTE GENDER EQUALITY AND EMPOWER WOMEN
Target 3A: Eliminate gender disparity in primary and secondary education preferably by 2005, and at all levels by 2015.
GOAL 4: REDUCE CHILD MORTALITY �TES
Target 4A: Reduce by two thirds, between 1990 and 2015, the under-�ve mortality rate.
GOAL 5: IMPROVE MATERNAL HEALTH
Target 5A: Reduce by three quarters, between 1990 and 2015, the maternal mortality ratio.
Target 5B: Achieve, by 2015, universal access to reproductive health.
GOAL 6: COMBAT HIV/AIDS, MALARIA, AND OTHER DISEASES
Target 6A: Have halted by 2015 and begun to reverse the spread of HIV/AIDS.
Target 6B: Achieve, by 2010, universal access to treatment for HIV/AIDS for all those who need it.
Target 6C: Have halted by 2015 and begun to reverse the incidence of malaria and other major diseases.
GOAL 7: ENSURE ENVIRONMENTAL SUSTAINABILITY
Target 7A: Integrate the principles of sustainable development into country policies and programs; reverse loss of environmental resources.
Target 7B: Reduce biodiversity loss, achieving, by 2010, a signi�cant reduction in the rate of loss.
Target 7C: Halve, by 2015, the proportion of the population without sustainable access to safe drinking water and basic sanitation.
Target 7D: By 2020, to have achieved a signi�cant improvement in the lives of at least 100 million slum-dwellers.
GOAL 8: DEVELOP A GLOBAL PARTNERSHIP FOR DEVELOPMENT
Target 8A: Develop further an open, rule-based, predictable, non-discriminatory trading and �nancial system.
Target 8B: Address the special needs of the least developed countries.
Target 8C: Address the special needs of landlocked developing countries and Small Island developing States.
Target 8D: Deal comprehensively with the debt problems of developing countries through national and international measures in order to make debt sustainable in the long term.
Target 8E: In cooperation with pharmaceutical companies, provide access to a�ordable, essential drugs in developing countries.
Target 8F: In cooperation with the private sector, make available the bene�ts of new technologies, especially information and communications.
From United Nations Millennium Development Goals. h�p://www.un.org/millenniumgoals/poverty.shtml. 2008. Accessed May 10, 2019.
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TABLE 5�3	 WHO ESTIMATES, 2015: PROBABILITY OF  
DYING FROM ANY OF THE 4 MAJOR 
NONCOMMUNICABLE DISEASES 
�CARDIOVASCULAR DISEASES, CANCER, 
DIABETES OR CHRONIC RESPIRATORY DISEASES� 
BETWEEN THE AGES OF 30 AND 70

REGION

LOW PROBABILITY  
16% OR LESS

HIGH PROBABILITY  
MORE THAN 25%

COUNTRY (%) COUNTRY (%)
Africa Algeria 15 Côte d�Ivoire 28

Cabo Verde, Gabon 16 Sierra Leone 30
America Canada 10 Trinidad and Tobago 26

Chile, Costa Rica 11 Guyana 28
Eastern 

Mediterranean
Qatar 14 Sudan 26
Iran 15 Afghanistan, Yemen 31

Europe Iceland 8 Belarus, Kazakhstan, 
Russian Federation

29

Italy, Sweden, Switzerland 9 Turkmenistan 35
South East Asia Maldives 12 Democratic People�s 

Republic of Korea
26

�ailand 16 Indonesia 27
Western Paci�c Republic of Korea 8 Fiji 31

Australia, Japan 9 Papua New Guinea 36
Adapted from World Health Statistics 2017: monitoring health for the SDGs. World Health 
Organization. h�ps://reliefweb.int/sites/reliefweb.int/�les/resources/9789241565486-eng.pdf. 
Accessed May 10, 2019.

years.11 �e age-standardized prevalence of hypertension is highest in Africa, 
where it is about 45% for both sexes, and is lowest in the Americas, where it 
is about 35% for both sexes.12 In all regions, men have a slightly higher preva-
lence of hypertension than do women. Despite signi�cant e�orts by global 
nongovernmental and multilateral organizations, including the World Health 
Organization, more than 50% of the world�s population with hypertension 
does not even know their condition, and the percentage treated and controlled 
varies from less than 5% in Zambia to 66% in Canada.

�e growing epidemic of noncommunicable diseases, including mental 
disorders, and the un�nished agenda of controlling infectious diseases (HIV/
AIDS, malaria, tuberculosis, maternal and child health, and other infectious 
and parasitic diseases) poses a huge threat to the global population both in 
terms of human and �scal losses. Noncommunicable diseases represent a 
growing economic threat across the globe and are becoming an acute problem 
in low- and middle-income countries (Table 5-3) in which they are estimated 
to account for nearly $500 billion per year.

Worldwide adoption of best practices could substantially reduce that 
economic burden. For example, population-based interventions to reduce 
tobacco and harmful alcohol use, as well as to improve unhealthy diets and 
increase physical activity, are estimated to cost less than $0.40 per person  
per year.

Although individual countries theoretically take responsibility for the health 
of their respective citizens, many low- and middle-income countries are unable 
to meet their domestic population�s basic needs. �e sum of public and private 
health care expenditure by countries based on their gross domestic product 
varies between 1.6% in South Sudan to 18% in the United States, with many 
high-income countries spending more than 10%. �us, the worldwide solution 
requires a response of all of human society, including strategic domestic and 
international investments, both within countries and through multilateral 
agencies. �is societal responsibility must be shared by the private sector, 
nongovernmental organizations, academia, professional societies, and the 
public themselves.

To meet these global needs, all 192 United Nations member states agreed 
to address their prevention and control worldwide, particularly in developing 
countries. �e emphasis is on four major noncommunicable diseases (car-
diovascular diseases, cancer, diabetes, and chronic respiratory diseases) and 
four key risk factors common to all four of these noncommunicable diseases 
(tobacco use, unhealthy diets, physical inactivity, and harmful use of alcohol). 
Since 2011, there has been considerable discussion about both mental health 
and musculoskeletal disorders, which also contribute to the global burden 
of noncommunicable diseases.13 �e World Health Organization developed 
a global monitoring framework to enable global tracking of progress in pre-
venting and controlling these four major noncommunicable diseases and 
their key risk factors, aiming for a 25% reduction by 2025�with a slogan of  
25 By 25.

�e United Nations also adopted a set of goals to end poverty, protect the 
planet, and ensure prosperity for all as part of a new sustainable development 

agenda called Sustainable Development Goals (SDG) 2015-2030.14 �e sustainable 
development goals aim to protect the world from dangers of environmental 
catastrophe and to protect the planetary life. �e aims by 2030 are to reduce 
premature mortality from noncommunicable diseases by one third through 
prevention and treatment and to promote both mental health and well-being.

Universal health coverage is a key global health transition for the future. 
Although many high-income countries have some form of universal health 
coverage and some upper middle-income countries have introduced basic 
universal health coverage, many lower-middle-income and low-income coun-
tries are just beginning to introduce universal health coverage. �is transition, 
if successful, should bring global equity, save people from paying huge health 
care costs, and lead to be�er health outcomes.
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REVIEW QUESTIONS
1.	 Hypertension or high blood pressure is the major risk factor for heart 

disease, stroke, and kidney diseases worldwide. Which of the following 
statements is incorrect?
	A.	 �e prevalence of hypertension over the age of 25 varies between 35 

and 45% globally.
	B.	 Across all countries, men have a slightly higher prevalence of hyperten-

sion than do women.
	C.	 �e global hypertension control rate is about 60%.
	D.	 Early diagnosis of hypertension leads to prevention of all forms of vas-

cular complications.
	E.	 According to the World Health Organization, population a�ributable 

deaths owing to hypertension are estimated to be about 7.5 million per 
year.

Answer: C  �e global control rate varies from less than 5% in Zambia to 
66% in Canada and is very low overall worldwide. All other statements (Answers 
A, B, D and E) are correct.

2.	 Which of the following statements about global health is correct?
	A.	 Global health is not the opposite of domestic health.
	B.	 Global health must integrate both infectious diseases and noncommu-

nicable diseases.
	C.	 Public, private, and societal partnership is necessary to deliver e�ective 

global health.
	D.	 Academia has a major role in promoting global health.
	E.	 All of the above.

Answer: E  Statement A is true since global health includes domestic health 
as well, particularly on the health of marginalized people in developed coun-
tries. Statement B is true, since the current health system must address all 
diseases, particularly when noncommunicable diseases account for 65% of 
all global causes of death. New evidence shows that one ��h of all cancers 
worldwide are caused by chronic infections produced by agents such as HIV, 
human papillomavirus, and hepatitis B virus. Infections and parasitic diseases 
also cause other noncommunicable diseases, such as rheumatic heart disease, 
Chagas disease, cardiomyopathy, and peptic ulcer. As HIV/AIDS survivors 
live longer, they also are exposed to lifestyle-related risk factors and noncom-
municable diseases. Statement C is true. �e economic burden of diseases is 
so large that public-private partnership is essential. Statement D is true. Aca-
demia should develop and supply needed knowledge and train the next gen-
eration of the global health work force.
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ABSTRACT
�e clinical examination provides data that are part of a scienti�c inquiry, 
while at the same time being an important social ritual that establishes and 
maintains a relationship between the physician and patient. As part of a sci-
enti�c inquiry, the physician should focus on symptoms and signs that are of 
proven value, while at the same time demonstrating professionalism and caring 
that respects a patient�s preferences and goals.
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ABSTRACT
Vital signs are a cornerstone of patient care. Critical abnormalities in vital 
signs require a rapid medical response. Other abnormalities could be com-
pletely benign, an indication of an underlying condition that requires diagnosis, 
or an early warning that a patient is about to decompensate. Given this wide 
range of signi�cance, it is crucial that physicians be aware of their patients� 
vital signs and think about the implications of any abnormalities. Although 
there are no simple algorithms to help in this process, this chapter provides 
a general di�erential diagnosis for each abnormality as well as guidance regard-
ing the initial response to speci�c abnormalities.

KEYWORDS
vital signs
stability
blood pressure
respirations
heart rate
decision making
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with suspected hypothermia, and core temperature should be measured with 
an esophageal, bladder, or rectal temperature sensor in patients with severe 
hypothermia or hyperthermia (Chapter 101).

Blood pressure must be measured with an appropriately sized cu� (Chapter 
70). Automated blood pressure machines occasionally provide spurious results, 
and questionable values should be con�rmed by manual auscultation and by 
checking other limbs. Pulse is best obtained by palpation because this tech-
nique provides the opportunity to assess regularity and contour; the pulse 
should be counted for su�cient time for an accurate rate to be obtained (at 
least 15 seconds). High heart rates or dysrhythmias detected on the digital 
readout of a cardiac monitor, whether watched near the patient or by o�-site 
standardized cardiac telemetry,4 must be con�rmed by palpation because these 
monitors can spuriously count large P waves, T waves, or pacemaker spikes 
as R waves, thereby reporting a heart rate double the actual rate. Orthostatic 
vital signs�the comparison of blood pressure and pulse in the supine, si�ing, 
and standing positions�are advocated by some but have proved to be insensi-
tive and nonspeci�c for hypovolemia.

Because the typical respiratory rate is between 12 and 20 breaths per minute 
and because there is considerable breath-to-breath variation, the respiratory 
rate should be assessed for at least 30 seconds and preferably 1 minute. New 
technologies purporting to measure the respiratory rate have not proved clini-
cally useful. Oxygen saturation is dependent on technology, so an understanding 
of the idiosyncrasies of the device being used is critical; valid measurements 
are unlikely unless there is good correlation of the machine�s pulse reading 
and the patient�s pulse. �e probe should be placed on a part of the body that 
is warm and well perfused. Pulse oximeters compare the absorption of light 
at two wavelengths, so readings may be spuriously high under conditions that 
change the color of oxygenated or deoxygenated hemoglobin, including carbon 
monoxide poisoning (Chapter 88), methemoglobinemia (Chapter 152), and 
some of the less common hemoglobinopathies.

  ROLE OF VITAL SIGNS IN MANAGEMENT OF  
THE PATIENT

Abnormal vital signs should be remeasured. Certain abnormalities require 
prompt evaluation (Table 7-2). Other vital sign abnormalities should be 
rechecked in the future unless they have been previously noted, in which case 
a work-up can be initiated, guided by the patient�s past history and physical 
examination �ndings. It is critical that physicians always �treat the patient, 
not the vital signs.�

Patients without Systemic Complaints
In patients presenting for a routine evaluation or nonsystemic complaint (e.g., 
knee injury), an abnormal vital sign will seldom be the harbinger of acute 
illness. Most commonly, it will be a false reading or a transient �nding due to 
random variation, pain, or anxiety that requires no evaluation or treatment 
and can be rechecked in the future. On occasion, it will be the only or most 
apparent manifestation of a chronic condition or risk factor. �e measurement 
of an elevated blood pressure leading to a diagnosis of hypertension is the 
classic example of the value of vital signs in such patients.

TABLE 7�2	 ABNORMALITIES REQUIRING RAPID EVALUATION 
IN THE ASYMPTOMATIC PATIENT

An irregularly irregular rapid pulse (if it is not known to be chronic) should trigger 
an evaluation of the patient�s rhythm so that atrial �brillation can be identi�ed, 
evaluated, and treated (Chapter 58), thereby decreasing the patient�s risk of 
stroke.

A heart rate above 130 beats per minute always warrants an electrocardiogram to 
determine the patient�s rhythm and a consideration of the di�erential diagnosis of 
tachycardia (hypovolemia, anemia, and thyroid disease in particular).

A markedly elevated diastolic blood pressure (e.g., �115 mm Hg) should stimulate 
an evaluation for hypertensive urgencies (Chapter 70). Note that hypertension in 
the absence of signs of acute end-organ damage does not require acute treatment, 
which can reduce intracranial perfusion pressure and cause stroke. Patients with 
elevated blood pressure should be o�ered standard evaluation and treatment for 
chronic hypertension (Chapter 70).

Markedly low pulse or blood pressure in patients receiving cardioactive medications 
should lead to a con�rmation that the patient is truly asymptomatic, an inquiry 
into the dosing of these medications, and a reconsideration of the regimen.

Markedly low pulse in elderly patients who are not receiving rate-controlling drugs 
should trigger an evaluation of the patient�s cardiac conduction system.

Oxygen saturation below 93% in the absence of known pulmonary problems should 
prompt an evaluation of the patient�s pulmonary status.

Patients Who Complain of Systemic Illness but Do Not Appear to Be Very Ill
Vital signs serve two additional roles in symptomatic patients who do not 
appear particularly ill. First, abnormalities in vital signs provide information 
that may suggest or support a diagnosis. �e presence of elevated temperature 
in a patient with productive cough, shortness of breath, and localized rales 
and egophony supports a diagnosis of infectious pneumonia. Vital signs may 
also play a role in de�ning therapy and triage. For example, guidelines for 
patients with community-acquired pneumonia (Chapter 91) formally incor-
porate vital signs.

�e second role of vital signs in the stable symptomatic patient is to provide 
warning that the patient is sicker than he or she appears. For example, the 
presence of hypotension in a well-appearing patient thought to have pyelo-
nephritis may be an indication of sepsis or hypovolemia. For vital signs to 
be of use, the physician must be aware of them and must incorporate them 
explicitly into a thought process that considers the dangerous diagnoses asso-
ciated with the abnormal vital sign. �e physician then must decide whether 
the likelihood of each potentially dangerous diagnosis is high enough to 
warrant speci�c evaluation. Unfortunately, no quick or easy rules di�erenti-
ate spurious abnormalities that can be ignored from those that should trigger 
additional testing or treatment. What can be said is that the well-trained phy-
sician who is aware of abnormal vital signs and is willing to contemplate a 
change in treatment or disposition in response to them is less likely to make  
mistakes.

A few speci�c points bear mention. First, for most vital signs, �normal� is 
relative. Blood pressure must be interpreted in the context of the patient. For 
example, a blood pressure of 88/64 mm Hg may be reasonable for an otherwise 
healthy, young 50-kg woman but should cause concern in a 90-kg middle-aged 
man. Similarly, a blood pressure of 128/80 mm Hg would be �ne in a 60-year-
old man but worrisome in a 34-week pregnant woman. Second, because vital 
signs are insensitive measures of disease, normal vital signs should not dissuade 
the physician from pursuing potentially critical diagnoses. For example, young, 
well-conditioned adults may maintain normal vital signs well into the course 
of shock.

Use of Vital Signs in Patients Who Appear to Be Ill
For some patients, abnormal vital signs are expected on the basis of their 
appearance and their symptoms. For patients in extremis, care should proceed 
according to established guidelines such as Advanced Cardiac Life Support 
(Chapter 57), Advanced Trauma Life Support, and algorithms for the treat-
ment of shock (Chapters 99 and 100). For other ill-appearing patients, two 
processes must occur. In one, the physician, armed with knowledge of the 
di�erential diagnosis of each abnormal vital sign and the ability to take a 
thorough history and to perform an appropriate physical examination, narrows 
the list of potential diagnoses and decides which are of su�cient probability 
to warrant evaluation. Simultaneously, the physician considers the list of treat-
ment options for all diagnoses associated with the abnormal vital sign and, 
before establishing a diagnosis, initiates those treatments for which the potential 
bene�t of prompt administration exceeds potential harms. For example, anti-
biotics for febrile patients with suspected bacterial infection, hydrocortisone 
for hypotensive patients at risk for hypoadrenalism, and thiamine for hypo-
thermic patients at risk for Wernicke encephalopathy may improve outcome 
and are unlikely to cause harm even if the patient does not have the suspected 
condition. Although early presumptive treatment can be life-saving in selected 
patients, it should not be abused; physicians must avoid knee-jerk responses 
that can cause harm.

Di�erential Diagnosis and Treatment Options
Single Abnormal Vital Signs
Because vital signs can be abnormal in virtually any disease process, no dif-
ferential diagnosis can be encyclopedic. �e physician should focus initially 
on common diseases and diseases that require speci�c treatment. �e thought 
process should begin with the chief complaint and history and then incorporate 
information about the vital signs and the remainder of the physical examination.

Multiple Abnormal Vital Signs
Patients who are acutely ill are likely to have several abnormal vital signs. 
Although certain pa�erns of abnormal vital signs predominate in speci�c 
conditions (e.g., hypotension, tachycardia, and hypothermia in profound 
sepsis), no pa�ern can be considered pathognomonic. �e physician�s goal is 
to work toward a diagnosis while simultaneously providing treatments whose 
bene�ts outweigh potential harms.
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is always paramount. Treatments may include antipyretics (for fever); anxio-
lytics; oral or intravenous �uids (for hypovolemia); nitrates, angiotensin-
converting enzyme inhibitors, and diuretics (for heart failure and �uid overload 
[Chapter 53]); oxygen (for hypoxemia); �-blockers (for stimulant overdose); 
�-blockers (for acute coronary syndromes [Chapters 63 and 64] or thyroid 
storm [Chapter 213]); and lysis or anticoagulation (for pulmonary embolism 
[Chapter 74]). Tachycardia is o�en an appropriate response to a clinical con-
dition and should not be treated routinely unless it is causing or is likely to 
cause secondary problems.

Low Pulse
Bradycardia can be physiologic (athletes and others with increased vagal tone), 
due to prescribed cardiac medications (e.g., �-blockers, calcium-channel block-
ers, digoxin), overdoses (e.g., cholinergics, negative chronotropic agents), 
disease of the cardiac conducting system, electrolyte abnormalities (severe 
hyperkalemia), and inferior wall myocardial infarction (Chapters 58 and 64). 
Asymptomatic patients do not require immediate treatment. �e goal of therapy 
is to produce a heart rate su�cient to perfuse the tissues and alleviate the 
symptoms (Chapter 57). Overdoses should be treated with speci�c antidotes 
(Chapter 102). Endocrine disorders should be treated with replacement therapy. 
In patients with acute coronary syndrome (Chapter 63), the goal is to restore 
perfusion and alleviate the ischemia. Patients with profound bradycardia or 
hypotension may require chronotropic drugs to increase perfusion even if 
these agents increase myocardial oxygen demand. In normotensive patients 
with milder bradycardia, chronotropic agents should be used only if symptoms 
and ischemia cannot be resolved by other means. Atropine is the primary 
therapy for bradycardia; isoproterenol and cardiac pacing are reserved for 
those who do not respond (Chapter 57).

Elevated Blood Pressure
Elevated blood pressure does not require acute treatment in the absence of 
symptoms or signs of end-organ damage (Chapter 70). In patients whose 
blood pressure is markedly above their baseline, the history and physical 
examination should assess for the conditions that de�ne �hypertensive emer-
gency�: evidence of encephalopathy, intracranial hemorrhage, ischemic stroke, 
heart failure, pulmonary edema, acute coronary syndrome, aortic dissection, 
renal failure, and preeclampsia. In the absence of these conditions, treatment 
should consist of restarting or adjusting the medications of patients with known 
hypertension and initiating a program of blood pressure checks and appropri-
ate evaluation for those with no prior history of hypertension (Chapter 70).

�e patient with a true hypertensive emergency should be treated with 
agents appropriate for the speci�c condition. Because rapid decreases in blood 
pressure can be as deleterious as the hypertensive state itself, intravenous 
agents with short half-lives, such as nitroprusside, labetalol, nitroglycerin, and 
esmolol, are preferred (Chapter 70).

Low Blood Pressure
Low blood pressure must be evaluated in the context of the patient�s symptoms, 
general appearance, and physical examination �ndings. Treatment depends 
on context. �e same blood pressure value may necessitate intravenous ino-
tropic agents in one patient and no treatment in another.

In tachycardic hypotensive patients, the physician must rapidly integrate 
all available evidence to determine the patient�s volume state, cardiac function, 
vascular capacitance, and primary etiology (Chapter 98). Not all patients with 
hypotension and tachycardia are in shock, and not all patients in shock will 
have hypotension and tachycardia. Treatment of shock is based on the cause: 
hypovolemic, cardiogenic, or distributive (septic, neurogenic, anaphylactic) 
(Chapters 98 to 100).

Symptomatic hypotensive patients thought to be intravascularly volume 
depleted should have their legs raised and receive intravenous �uid resuscita-
tion with crystalloid or blood, depending on their hemoglobin level (Chapter 
98).7 In patients with known heart disease, patients who are frail or elderly, 
and patients whose volume status is uncertain, small boluses of �uid (e.g., 
250 mL of normal saline), each followed by reassessment, are preferred so 
that iatrogenic heart failure may be avoided. Inotropic support should be 
reserved for patients who do not respond to �uid resuscitation. High-output 
heart failure should be kept in mind in patients with possible thyroid storm 
or stimulant overdose.

Increased Respiratory Rate
Tachypnea is a normal response to hypoxemia (see later) or acidemia (Chapter 
110).8 Treatment of tachypnea in the absence of hypoxemia is directed at the 

Fever is generally accompanied by tachycardia, with the general rule of 
thumb that the heart rate will increase by 10 beats per minute for every 1° C 
increase in temperature. �e absence of tachycardia with fever is known as 
pulse-temperature dissociation and has been reported in typhoid fever (Chapter 
292), legionnaires disease (Chapter 298), babesiosis (Chapter 332), Q fever 
(Chapter 311), infection with Ricke�sia spp. (Chapter 311), malaria (Chapter 
324), leptospirosis (Chapter 307), pneumonia caused by Chlamydia spp. 
(Chapter 302), and viral infections such as dengue fever (Chapter 358), yellow 
fever (Chapter 357), and other viral hemorrhagic fevers (Chapter 357), although 
the predictive value of this �nding is unknown.

Much can be learned by comparing the respiratory rate with pulse oxim-
etry. Hyperventilation in the presence of high oxygen saturation suggests a 
central nervous system process or metabolic acidosis rather than a cardiopul-
monary process. Low respiratory rates in the presence of low levels of oxygen 
saturation suggest central hypoventilation, which may respond to narcotic  
antagonists.

Hypertension and bradycardia in the obtunded or comatose patient are 
known as the Cushing re�ex, a relatively late sign of elevated intracranial pres-
sure. Physicians should strive to diagnose and treat this condition before the 
Cushing re�ex develops.

Approach to Abnormalities of Speci�c Vital Signs
Elevated Temperature
Normal temperature is o�en cited as 37° C (98.6° F), but there is considerable 
diurnal variation and variation among individuals,5 so 38° C is the most com-
monly cited threshold for fever. Fever thought to be due to infection should 
be treated with antipyretics and appropriate antimicrobials (Chapter 264). 
�e importance of early administration of antibiotics to potentially septic 
patients cannot be overstated (Chapters 264 and 265). Hyperthermia (tem-
perature above 40° C) should be treated with cooling measures such as ice 
packs, cool misting in front of fans, cold gastric lavage, and, for medication-
related syndromes, medications such as dantrolene (Chapter 101). Most 
hospital anesthesia departments will have a designated kit for the treatment 
of malignant hyperthermia (Chapters 404 and 406).

Low Temperature
�e treatment of hypothermia is guided by its cause (Chapter 101). �e body�s 
temperature decreases when heat loss exceeds heat production. Every logically 
possible mechanism for this phenomenon has been observed. Decreased heat 
production can result from endocrine hypofunction (e.g., Addison disease 
[Chapter 214], hypopituitarism [Chapter 211], hypothyroidism [Chapter 213]) 
and loss of the ability to shiver (e.g., drug-induced or neurologic paralysis 
or neuromuscular disorders). Malfunction of the hypothalamic regulatory 
system can be due to hypoglycemia (Chapter 216) and a variety of central 
nervous system disorders (Wernicke encephalopathy [Chapter 388], stroke 
[Chapter 379], tumor [Chapter 180], and trauma [Chapter 371]).6 Rese�ing 
of the temperature set point can occur with sepsis. Increased heat loss can be 
due to exposure,6 behavioral and physical disorders that prevent the patient 
from sensing or responding to cold, skin disorders that decrease its ability 
to retain heat, and vasodilators (including ethanol). A careful history and 
physical examination should illuminate which of these possibilities is most  
likely.

Several considerations are worthy of emphasis. �e spine of an obtunded 
hypothermic patient who is �found down� must be protected and evaluated 
because paralysis from a fall may have prevented the patient from seeking 
shelter and may have diminished the ability to produce heat. �e physician 
should not forget to administer antibiotics to patients who may be septic 
(Chapter 100), thiamine to those who may have Wernicke encephalopathy 
(Chapter 388), hydrocortisone to those who may be hypoadrenal (Chapter 
214), and thyroid hormone to those who may have myxedema coma (Chapter 
213). Severely hypothermic patients (Chapter 101) should be treated gently 
because any stimulation may trigger ventricular dysrhythmias; even in the 
absence of pulses, cardiopulmonary resuscitation should be used only in patients 
with ventricular �brillation or asystole.

Elevated Heart Rate
�e rate, rhythm, and electrocardiogram di�erentiate sinus tachycardia from 
tachyarrhythmias (Chapters 56 to 59). Tachyarrhythmias can be instigated 
by conditions that may require speci�c treatment (e.g., sepsis [Chapter 100], 
electrolyte disorders [Chapters 108, 109, and 110], endocrine disorders 
[Chapter 208], and poisonings [Chapters 19 and 102]) before the arrhythmia 
is likely to resolve. For sinus tachycardia, treatment of the underlying cause 



underlying cause, which o�en is pain (Chapter 27). Anxiolytics (e.g., diazepam, 
5 to 10 mg PO or IV; lorazepam, 1 to 2 mg PO, IM, or IV) or reassurance 
can calm patients with behavioral causes of hyperventilation. Breathing into 
a paper bag has been shown to be an ine�ective treatment. Pulmonary embo-
lism (Chapter 74) does not necessarily reduce the oxygen saturation or cause 
a low P�2 and should always be considered in at-risk patients with unexplained 
tachypnea.

Decreased Respiratory Rate
Any perturbation of the respiratory center in the central nervous system can 
slow the respiratory drive (Chapter 80). Narcotics and other sedatives and 
neurologic conditions are common causes of a decreased respiratory rate. �e 
primary treatment of apnea is mechanical ventilation (Chapter 97), but nar-
cotic antagonists can be tried in patients with a history or physical examination 
�ndings (miosis, track marks, opioid patch) suggestive of narcotic use or abuse 
(Chapter 31). In nonapneic patients, mechanical ventilation, either noninvasive 
or invasive (intubation), is indicated for patients who are breathing too slowly 
to maintain an acceptable oxygen saturation and for patients who are retaining 
carbon dioxide in quantities su�cient to depress mental function. Patients 
who are unable to protect their airway should be intubated. Oxygen should 
be administered to all hypopneic patients who are hypoxemic (see earlier). 
Patients with chronic hypoventilation (Chapter 80) may have retained HCO3

� 
to compensate for an elevated P��2 and so may depend on hypoxia to maintain 
respiratory drive; in these patients, overaggressive administration of oxygen 
can decrease the respiratory rate, increase the P��2, and increase obtundation 
(Chapter 96).

Decreased Oxygen Saturation
In hypopneic patients, initial e�orts should try to increase the respiratory rate 
(see earlier) and tidal volume. Regardless of etiology, oxygen, in amounts 
adequate to restore adequate oxygen saturation (P�2 � 60 mm Hg, oxygen 
saturation �90%), is the mainstay of therapy. When oxygen alone fails, non-
invasive methods for improving ventilation or tracheal intubation are required 
(Chapter 96). Oxygen should increase the P�2 in all patients except those 
who have severe right-to-le� shunting (Chapter 61). Treatment of conditions 
that cause hypoxemia includes antibiotics (pneumonia), bronchodilators 
(asthma, chronic obstructive pulmonary disease), diuretics and vasodilators 
(pulmonary edema), anticoagulants (pulmonary embolism), hyperbaric oxygen 
(carbon monoxide poisoning), methylene blue (methemoglobinemia, sulf-
hemoglobinemia), and transfusion (anemia).

GENERAL REFERENCES
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3.	 An intern is awakened at 3 �� by the ward nurse regarding a patient who 
is postoperative day 2 from a hip replacement and is newly tachycardic. 
Vital signs include temperature 36° C, blood pressure 146/82 mm Hg, 
respiratory rate 18 breaths per minute, pulse 112 beats per minute, and 
oxygen saturation 97% on room air. �e intern drowsily orders a 1000-mL 
normal saline �uid challenge for dehydration. Later that morning, the patient 
is acutely intubated for respiratory distress. What most likely went wrong?
	A.	 �e intern failed to consider pulmonary embolism as a possible cause 

for the tachycardia.
	B.	 �e intern failed to consider fat embolism in a patient who had recently 

undergone hip surgery.
	C.	 �e intern failed to consider sepsis in the di�erential diagnosis.
	D.	 �e intern failed to consider failure of the patient controlled anesthesia 

(PCA) pump in the di�erential diagnosis.
	E.	 �e intern failed to realize that tachycardia can be present in both dehy-

dration and heart failure.
Answer: E  First and foremost, the intern�s main mistake was not ge�ing out 
of bed to evaluate the patient in person. Vital signs alone are not su�cient 
data on which to base an important clinical decision. Although choices A and 
B are certainly possible in a postoperative orthopedic patient, heart failure is 
a more likely diagnosis. �ere is li�le clinical support for the other choices.

4.	 A patient arrives in the emergency department comatose with decreased 
respiratory rate in the winter. Vital signs are temperature 36° C, blood pres-
sure 128/68 mm Hg, respiratory rate 10 breaths per minute, pulse 100 
beats per minute, and oxygen saturation 100% on room air. Pupils are 
6 mm and reactive, and lungs are clear. What is the single most important 
initial treatment?
	A.	 High-�ow O2 administered by non-rebreather mask
	B.	 Intravenous normal saline, 1000 mL with additional boluses as 

tolerated
	C.	 Intravenous antibiotics
	D.	 Naloxone, 0.8 mg IV
	E.	 Immediate endotracheal intubation

Answer: A  �is patient may have carbon monoxide poisoning. It is winter, 
a time when people use heating devices that may have incomplete combustion. 
�e pupillary examination is not suggestive of opiate intoxication (D), and 
no other diagnosis is apparent. Because oxygen is the best treatment for this 
condition and is generally harmless in adults, it makes sense to initiate this 
therapy while e�orts (e.g., blood gas analysis with co-oximetry) are made to 
con�rm the diagnosis. �ere is no basis for thinking this patient is dehydrated 
(B) or infected (C), and intubation would be premature (E). Remember that 
pulse oximetry is falsely elevated in carbon monoxide poisoning, so the 100% 
oxygen saturation means nothing.

REVIEW QUESTIONS
1.	 A patient presents with malaise, cough, and shortness of breath. Vital signs 

include temperature 40° C, blood pressure 120/74 mm Hg, respiratory rate 
18 breaths per minute, pulse 70 beats per minute, and oxygen saturation 
97%. �is presentation could be consistent with:
	A.	 Streptococcal pneumonia
	B.	 Pyelonephritis due to Escherichia coli
	C.	 Legionella pneumonia
	D.	 In�uenza-like illness
	E.	 Mycoplasma pneumonia

Answer: C  �is patient is exhibiting a pulse-temperature dissociation because 
the pulse (70) is far lower than one would expect given that the patient is 
febrile to 40° C. �is phenomenon is seen in a number of conditions, including 
typhoid fever and legionella infection. �e other conditions would all be 
expected to produce tachycardia unless the patient could not become tachy-
cardic because of medications (e.g., �-blockers) or cardiac conduction 
problems.

2.	 An 88-year-old man presents from a nursing home with slight agitation 
and vital signs that include temperature 38.7° C, blood pressure 
96/64 mm Hg, respiratory rate 22 breaths per minute, pulse 94 beats per 
minute, and oxygen saturation 96%. Physical examination reveals dry mucous 
membranes, clear lungs, a so� abdomen, an indwelling Foley catheter, and 
slightly cool but noncyanotic extremities. �e patient should be given:
	A.	 Antipyretics (e.g., acetaminophen)
	B.	 Intravenous normal saline, 500 mL with additional boluses as 

tolerated
	C.	 Intravenous antibiotics
	D.	 All of the above
	E.	 Only A and B until urine culture results are available

Answer: D  �is case is an example of how vital signs can guide treatment 
in the absence of a �rm diagnosis. �e patient meets all three of the physical 
examination criteria for the systemic in�ammatory response syndrome (SIRS) 
and is likely septic. �e physician should not wait for his white blood cell 
count or other laboratory results to initiate antibiotic treatment because evi-
dence suggests that early antibiotics are a crucial step in preventing morbidity 
and mortality. Although antibiotics should not be overused, the early provision 
of appropriate broad-spectrum antibiotics before the con�rmation of a speci�c 
diagnosis is prudent and may be life-saving for this patient.
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ABSTRACT
An important and common element of the physician�s role is to make deci-
sions. To make good decisions, a physician must be able to interpret clini-
cal data and understand the medical literature based on familiarity with the 
laws of probability and the �eld of statistics. E�ective decision making also 
includes gathering information, determining whether more information is 
worth the additional risk and expense, and interpreting results. All of these 
tasks depend on using data optimally. Information gathering begins with the 
most important data: those derived from a careful patient history and physical 
examination. However, the variety of laboratory tests and diagnostic procedures 
greatly increases the amount of information that must be ordered intelligently 
and interpreted correctly. Appropriate use of clinical information can make 
important di�erences in patients� outcomes and in the resources required to 
optimize them.
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E�TABLE 8�1	 TYPES OF VARIABLES AND COMMONLY USED 
STATISTICAL METHODS

ASSOCIATED STATISTICAL METHODS
TYPE OF 
OUTCOME 
VARIABLE EXAMPLES BIVARIATE MULTIVARIATE
Categorical 

(dichotomous)
Alive; readmission 

to the hospital 
within 30 days

2 � 2 table, 
chi-square 
analysis

Logistic regression

Categorical 
(nominal)

Race; cancer, tumor 
type

Chi-square 
analysis

Nominal logistic 
regression

Categorical 
(ordinal)

Glasgow Coma 
Scale

Mann-Whitney-
Wilcoxon, 
Kruskal-Wallis

Ordinal logistic 
regression

Numerical 
(continuous)

Cholesterol; SF-36 
scales*

t Test, analysis of 
variance

Linear regression

Numerical (count) Number of times 
pregnant; number 
of mental health 
visits in a year

Mann-Whitney-
Wilcoxon, 
Kruskal-Wallis

Poisson regression, 
linear models

Time to event 
regression

Time to breast 
cancer; time to 
viral rebound in 
HIV-positive 
subjects

Log rank Cox proportional 
hazards

*Numerical scores with many values are o�en treated as though they were continuous. HIV � 
human immunode�ciency virus; SF-36 � short-form 36-item health survey.
Courtesy of �omas B. Newman, MD, MPH and Charles E. McCulloch, PhD.
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Nevertheless, all techniques to reduce confounding depend entirely on data 
about relevant covariates. If such data are missing, statistical adjustment cannot 
produce an accurate result. A limitation of the propensity score in reducing 
confounding bias is that many confounders may be unknown or di�cult or 
even impossible to measure.

 Machine Learning
Machine learning approaches problems by learning rules from data in contrast 
with expert systems. Starting with patient-level observations, algorithms si� 
through vast numbers of variables, looking for combinations that reliably 
predict outcomes. �is process in some ways resembles traditional regression 
models: there are outcomes, covariates, and statistical functions linking the 
two. Machine learning can handle enormous numbers of predictors and com-
bining them in nonlinear and highly interactive ways. Optimism for machine 
learning should be tempered by understanding that association is not the 
same as causation and that vast biomedical data available to apply to these 
techniques may have insu�cient breadth�lacking for example social deter-
minants of health�or insu�cient quality that can hamper the results.4

  STATISTICAL APPROACHES AND CHALLENGES
 Multivariable Statistics
O�entimes a researcher is interested in the relative (as well as the absolute) 
importance of multiple individual predictor variables on an outcome, inde-
pendent of the e�ects of all other variables.5 For example, in studying whether 
air pollution increases the risk of lung cancer, an investigator would want to 
take into account di�erences in age, race, family history, smoking history, and 
even radon exposure (Chapter 182). Using multivariable statistical techniques, 
such estimates can be made.

Multiple Comparisons
Analyses in which multiple statistical tests are conducted can lead to a false 
conclusion that one of them is a positive result.6 �e more tests conducted, 
the more likely it becomes that one will be positive based on chance alone 
even though the P value may be set to 0.05. One way to correct for this problem 
is to use the Bonferroni correction, which divides the P value for rejecting the 
null hypothesis by the number of hypothesis tests performed.

Meta-analysis
Meta-analysis is a statistical method for summarizing the results of multiple 
studies to estimate an overall e�ect and con�dence interval for a parameter 
measured by those studies. In meta-analysis, the formal combination of results 
considers variations both within the study and among studies.7

  USING DATA FOR CLINICAL DECISIONS
An important and common element of the physician�s role is to make deci-
sions. E�ective decision making includes gathering information, determining 
whether more information is worth the additional risk and expense, and inter-
preting results. All of these tasks depend on a physician�s skill in using data 
optimally. Information gathering begins with the most important data: those 
derived from a careful patient history and physical examination. However, 
the variety of available laboratory tests and diagnostic procedures greatly 
increases the amount of information that can be obtained and that must be 
ordered intelligently and interpreted correctly. Appropriate use of clinical 
information can make important di�erences in patients� outcomes and in the 
resources required to optimize them.

Evaluating a patient who presents with new breathlessness (Chapter 77) 
presents an example of decision-making principles. A thorough history and 
physical examination set the foundation, and a spectrum of choices are con-
sidered. Is this a temporary problem or a life-threatening condition for which 
immediate and potentially risky testing and treatment should be recommended? 
(E-Table 8-2) �e sequence in which testing is undertaken also has implica-
tions for safety and cost. Some tests are simple and fast to perform and most 
helpful when results are negative; others involve substantial risk and expense 
but can give a de�nitive answer.

 Theories and Principles Useful in Decision Making
Much of medical practice involves risk and uncertainty. When discussing 
uncertainty, the concept of probability is useful. Probability is the likelihood 
that something occurs; a probability of 1.0 means it is certain to occur, and 
a probability of 0 means it will not occur. �e term odds refers to a ratio of 
probabilities of an event (p): Odds � p/(1 � p). If the probability of the event 

awareness of the risk for errors. Investigators can a�empt to control for known 
covariates, but other covariates may not be known. For this reason, random-
ized trials provide the strongest evidence for causality.

In recent years, a variety of other quasi-experimental study designs have 
been applied. For example, an intervention might be applied to an entire 
practice rather than to individual patients. Although it would be ideal to assign 
the intervention randomly to participating practices, such an approach may 
be impractical or impossible. One approach would be to introduce an inter-
vention sequentially to individual practices in a systematic manner�which 
is termed a stepped wedge design. If this approach cannot be done in a systematic 
manner or if the evaluation is being conducted post hoc, the data can be 
retrospectively segmented into short, consecutive time periods so that the 
analysis can try to distinguish temporal trends from actual e�ects of the inter-
vention. �is design is termed an interrupted time series.

When evaluating health care interventions, it is o�en desirable to include 
both a quantitative measurement of outcomes (such as mortality or hospital 
admissions) and observational or qualitative methods, such as surveys or 
structured interviews. �ese data are o�en complementary. If, for example, a 
study fails to show that an intervention was e�ective, qualitative information 
may reveal whether it was properly implemented and what problems prevented 
implementation. Qualitative methods also are important to understand the 
a�itudes and reactions of health care personnel and patients.

 Time-to-Event Data
A common study design is to follow a sample of patients who receive a treat-
ment until a prespeci�ed outcome has occurred, such as death or hospital 
admission. �e analysis uses the time between the subject�s participation in 
the study until the outcome. Results are o�en displayed graphically as a survival 
distribution. Some subjects may contribute data to the study but not complete 
it. A Kaplan-Meier analysis allows estimation of survival in a manner that uses 
data from patients who drop out of the study.

 Noninferiority Trials
In some research, the goal is not to �nd a more e�ective treatment but to �nd 
one that has other advantages, such as fewer side e�ects or lower cost.2 In 
these studies, called noninferiority trials, the purpose is to evaluate a new treat-
ment against an existing one with the goal of demonstrating that it is at least 
as good, for example, comparing a new treatment with a standard treatment 
in which the goal is not to �nd an approach that is more e�ective but to �nd 
a therapy that has lower cost or fewer adverse e�ects with at least similar 
e�cacy to the standard treatment.

  CAUSALITY
�ere is an important di�erence between association and causality. �e rooster�s 
crow is associated with, but does not cause, sunrise. Anoxia causes death. An 
investigator�s�and the public�s�belief that a treatment is bene�cial is power-
ful, and the scienti�c method can help us determine the di�erence between 
belief and reality. Belief can in�uence biology. �e placebo e�ect is the concept 
that e�ects can be due to belief and not to the intervention itself.

 Confounding
If a covariate is related to both the outcome and to the exposure or risk factor 
being studied, and if it is unequally distributed between the groups being 
compared, it becomes a confounder. Since most health outcomes have many 
contributing causes, there o�en are many possible confounders. For example, 
in a study of the association between obesity and heart disease, age may be a 
confounder. Age is related to obesity and also to heart disease. If the obese 
subjects are older than the nonobese subjects, then di�erences in the outcome 
of heart diseases may be due to the older age of the obese subjects rather than 
to their obesity.

In observational studies in which randomization is not possible, steps to 
reduce bias due to confounding should be considered in the analysis. In an 
observational study of the e�ect of a treatment on an outcome of interest, it 
may be that the treatment is given to some subjects (patients) because of their 
characteristics, such as age or severity of illness. A variety of sophisticated 
statistical techniques are applied in an e�ort to reduce bias in observational 
studies. For example, a propensity score is the probability that a study subject 
would receive the exposure or treatment of interest, based on the subject�s 
characteristics and the clinical environment.3 Using the propensity score, it 
is possible to adjust for the e�ect of known confounding variables so that it 
is less likely the di�erence in outcome is due to confounding bias. 

blood pressure may obscure a true di�erence between the two. However, if 
the number of subjects is increased, the ability to detect a true di�erence also 
increases, and some number should be su�cient to detect a meaningful dif-
ference if it truly exists. Below that number, the study may fail to detect a 
di�erence between blood pressure readings of the intervention and control 
groups even though a di�erence genuinely exists. �is level is termed beta 
and represents the probability of a Type II error (i.e., failure to detect a true 
di�erence when one truly exists). When the number of subjects exceeds the 
minimum number, there can be greater con�dence that a di�erence will be 
observed if one truly exists. �e probability below which the null hypothesis 
can be rejected is termed the alpha level and represents the probability of 
rejecting the null hypothesis when the null hypothesis is actually true. A Type 
I error occurs when a null hypothesis is rejected although it is true. To eliminate 
any possibility of a Type I error would necessitate an in�nite number of sub-
jects, so by convention, a 5% or lower chance of this error is considered accept-
able. �us, at an alpha level of 0.05, a di�erence that is detected will be a true 
di�erence 95% of the time, but 5% of the time a random di�erence will be 
mistakenly classi�ed as a true di�erence.

Because falsely concluding that a di�erence exists (e.g., concluding that a 
treatment is helpful when it is actually ine�ective) is considered a more serious 
error than the reverse (concluding that a treatment is ine�ective when, in fact, 
it is potentially helpful), levels for beta error typically are set much lower than 
those for alpha (e.g., 80%). Power analysis is a method for estimating the 
minimum sample size necessary to detect the minimum di�erence between 
groups that is de�ned as clinically meaningful at speci�ed alpha level (typically 
0.05) and beta level.

P values are o�en reported in medical studies.1 P values answer the question, 
�If the null hypothesis were true, what would be the probability of obtaining, 
by chance alone, a value of the test statistic this large or larger?� For a �xed 
level alpha, the power of a test increases with sample size and increases with 
the true di�erence between the null hypothesis and a speci�ed alternative.

In essence, the foundation of hypothesis testing is determining whether 
there is a di�erence and whether any di�erence is explained by chance. �is 
determination hinges on probability, as well as conventions regarding tolerance 
for false-positive (calling a di�erence real when it actually is a chance e�ect) 
and false-negative (not �nding a true di�erence) conclusions.

 Study Design
When testing the hypothesis that an intervention is e�ective, there may be 
other reasons unrelated to the intervention as to why that outcome measure-
ment might have changed. A covariate is another factor, di�erent than the 
tested intervention, that can potentially in�uence the outcome under study. 
For example, in evaluating a medication to treat hypertension, subjects also 
may have been exposed to a campaign to reduce dietary salt intake. �e reduc-
tion in salt intake, which could have contributed to any observed changes in 
blood pressure, would be considered a covariate. It is essential to adjust, or 
control, for these covariates. �e most straightforward way is to assign the 
intervention to one group but also to measure the change in outcome in an 
otherwise similar control group as well. �e strongest research design is the 
randomized, double-blinded controlled trial in which individuals are randomly 
assigned either to receive the intervention to be tested or to receive an inert 
or inactive substitute. Subjects in both the intervention and control groups 
are kept uninformed as to whether they are receiving the active intervention 
or substitute, and the investigator observing the outcomes is also kept unaware 
of who is assigned to which group. �us, neither the subject nor the person 
recording results knows which arm of the intervention is being observed, and 
so the reporting and recording of results are insulated from belief in the power 
of the intervention. �is approach is regarded as the most accurate way to 
assess the e�ect of an intervention, because any e�ect of covariates would be 
expected to occur nearly equally in both the intervention and control groups. 
Furthermore, any placebo e�ect is minimized by masking whether or not the 
subject is receiving the treatment.

Randomized controlled trials are, however, not always practical for many 
reasons, and much of what we have learned in medicine is derived from dif-
ferent study designs in which it is di�cult to know all of the in�uences on 
the outcome. For this reason, nonrandomized studies can never guarantee 
adequate control for all covariates, even in very large observational studies. 
For example, consider whether hospital mortality rates increased or declined 
a�er a large process change, such as the installation of new computer systems 
to enter and communicate orders. Any changes in error rates may be due to 
the new computer system, but they also could be explained by heightened 
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is 50% or 1 in 2, as in a coin �ip, then odds of the event are 1 (or 1 : 1). If the 
probability is 1 in 3, or 0.33, then the odds are 0.33/0.66 or one half (1 : 2).

A simple yet instructive model of decision making is a 2 � 2 table (Fig. 
8-1). A group (or population) of patients is divided into 4 cells. �e table 
shows the presence or absence of a disease across the top and test results on 
the le�. �e cells in this 2 � 2 table are labeled with le�ers beginning with a 
in the upper le� and d in the lower right. �e sensitivity of a test, which is 
de�ned as the probability of positive results when the disease is known to be 
present, is calculated in the table as a/(a � c). Test speci�city, which is the 
probability of a negative test result when the disease is absent, is calculated 
as d/(b � d). Sensitivity and speci�city are referred to as test characteristics 
because they explain how a test performs in the presence or absence of disease. 
In clinical practice, however, tests are usually used to determine whether a 
disease or condition is present or absent, or at least how likely it is based on 
a given test result. In the 2 � 2 table, this probability, which can be calculated 
as a/(a � b), is referred to as the positive predictive value. Similarly, d/(c � d), 
which is the negative predictive value of the test, indicates how likely it is that 
the disease is absent given a negative test result.

Inspection of this 2 � 2 table shows another very important �nding: 
how common the disease is in this population, shown as (a � c)/(a � b � 
c � d). �is calculation is analogous to the prevalence of the disease in the  
population.

A special insight from this simple 2 � 2 table is that positive and negative 
predictive values depend on the test characteristics, but importantly they also 
depend on the prevalence of the disease in this particular population of patients. 
Di�erent positive and negative predictive values result when the same test is 

Nevertheless, all techniques to reduce confounding depend entirely on data 
about relevant covariates. If such data are missing, statistical adjustment cannot 
produce an accurate result. A limitation of the propensity score in reducing 
confounding bias is that many confounders may be unknown or di�cult or 
even impossible to measure.

 Machine Learning
Machine learning approaches problems by learning rules from data in contrast 
with expert systems. Starting with patient-level observations, algorithms si� 
through vast numbers of variables, looking for combinations that reliably 
predict outcomes. �is process in some ways resembles traditional regression 
models: there are outcomes, covariates, and statistical functions linking the 
two. Machine learning can handle enormous numbers of predictors and com-
bining them in nonlinear and highly interactive ways. Optimism for machine 
learning should be tempered by understanding that association is not the 
same as causation and that vast biomedical data available to apply to these 
techniques may have insu�cient breadth�lacking for example social deter-
minants of health�or insu�cient quality that can hamper the results.4

  STATISTICAL APPROACHES AND CHALLENGES
 Multivariable Statistics
O�entimes a researcher is interested in the relative (as well as the absolute) 
importance of multiple individual predictor variables on an outcome, inde-
pendent of the e�ects of all other variables.5 For example, in studying whether 
air pollution increases the risk of lung cancer, an investigator would want to 
take into account di�erences in age, race, family history, smoking history, and 
even radon exposure (Chapter 182). Using multivariable statistical techniques, 
such estimates can be made.

Multiple Comparisons
Analyses in which multiple statistical tests are conducted can lead to a false 
conclusion that one of them is a positive result.6 �e more tests conducted, 
the more likely it becomes that one will be positive based on chance alone 
even though the P value may be set to 0.05. One way to correct for this problem 
is to use the Bonferroni correction, which divides the P value for rejecting the 
null hypothesis by the number of hypothesis tests performed.

Meta-analysis
Meta-analysis is a statistical method for summarizing the results of multiple 
studies to estimate an overall e�ect and con�dence interval for a parameter 
measured by those studies. In meta-analysis, the formal combination of results 
considers variations both within the study and among studies.7

  USING DATA FOR CLINICAL DECISIONS
An important and common element of the physician�s role is to make deci-
sions. E�ective decision making includes gathering information, determining 
whether more information is worth the additional risk and expense, and inter-
preting results. All of these tasks depend on a physician�s skill in using data 
optimally. Information gathering begins with the most important data: those 
derived from a careful patient history and physical examination. However, 
the variety of available laboratory tests and diagnostic procedures greatly 
increases the amount of information that can be obtained and that must be 
ordered intelligently and interpreted correctly. Appropriate use of clinical 
information can make important di�erences in patients� outcomes and in the 
resources required to optimize them.

Evaluating a patient who presents with new breathlessness (Chapter 77) 
presents an example of decision-making principles. A thorough history and 
physical examination set the foundation, and a spectrum of choices are con-
sidered. Is this a temporary problem or a life-threatening condition for which 
immediate and potentially risky testing and treatment should be recommended? 
(E-Table 8-2) �e sequence in which testing is undertaken also has implica-
tions for safety and cost. Some tests are simple and fast to perform and most 
helpful when results are negative; others involve substantial risk and expense 
but can give a de�nitive answer.

 Theories and Principles Useful in Decision Making
Much of medical practice involves risk and uncertainty. When discussing 
uncertainty, the concept of probability is useful. Probability is the likelihood 
that something occurs; a probability of 1.0 means it is certain to occur, and 
a probability of 0 means it will not occur. �e term odds refers to a ratio of 
probabilities of an event (p): Odds � p/(1 � p). If the probability of the event 
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FIGURE 8�1.  A 2 � 2 table evaluating use of a test to determine if a disease is present. 
In this model, test sensitivity is a/(a � c), speci�city is d/(b � d), and disease prevalence 
is (a � b)/(a � b � c� d). Positive predictive value can then be calculated as a/(a � b) and 
negative predictive value as d/(c � d). 
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E�TABLE 8�2	 PRINCIPLES OF TEST ORDERING AND 
INTERPRETATION

�e interpretation of test results depends on what is already known about the 
patient.

No test is perfect; clinicians should be familiar with its diagnostic performance and 
never believe that a test �forces� them to pursue a speci�c management strategy.

Tests should be ordered if they may provide additional information beyond that 
already available.

Tests should be ordered if there is a reasonable chance that the data will in�uence 
the patient�s care.

Two tests that provide similar information should not be ordered.
In choosing between two tests that provide similar data, use the test that has lower 

costs or causes less discomfort and inconvenience to the patient.
Clinicians should seek all of the information provided by a test, not just an abnormal 

or normal result.
�e cost-e�ectiveness of strategies using noninvasive tests should be considered in a 

manner similar to that of therapeutic strategies.
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When should a test be ordered? Gathering additional information�whether 
from history, repeated examinations, tests, or imaging�can change the likeli-
hood of disease, as is demonstrated by the 2 � 2 table. In general terms, addi-
tional data should be obtained only if they would change the likelihood of a 
disease or condition at an acceptable cost and risk, and if such a change in 
probability would a�ect what is recommended to the patient. �Will it change 
therapy?� is a common question that summarizes such thinking: Will the test 
lead to a diagnosis that would be treated di�erently? If not, then the value of 
the test is lower. Sometimes the most important choice is to defer further 
testing and to observe the patient over time�the �test of time.�

Utility
�e results of diagnosis and treatment vary, and the importance or value of 
those outcomes also vary. For example, the value of surviving may depend 
on quality of life and side e�ects endured to achieve survival. Quantifying 
this value can be di�cult, but ultimately the most important quanti�cation 
is from the patient. �e term utility describes the value or importance of the 
outcome as judged by the patient or measured in some other way. In some 
analyses, the length of survival is adjusted by a measure of the quality of life, 
described as quality-adjusted life years or QALYs.9

 Decision-Making Strategies
Shared Decision Making
Physicians make many decisions, some of which are simple and many of which 
are complex. A good physician does not make all of these decisions indepen-
dently. Especially for decisions that involve risks or preferences, the wise 
physician involves the patient in decision making when possible. Shared deci-
sion making considers the utility of di�erent outcomes and the patient�s desires, 
which may vary widely from one person to the next. Shared decision making 
is an important element of physician-patient interaction and also has direct 
ties to the decision-making process.10

Decision Analysis
Answers to some questions involve a series of questions and probabilities that 
are not practical to answer with a single study or test. As a result, an approach 
known as decision analysis can be useful (Fig. 8-4). �is analysis begins with 
a question, such as �should a drug be given?,� which then leads to branches 
stemming from the yes and no answers, each of which has its own branching 
from what is called a chance node. Chance nodes may lead to other branches. 
Each chance node has several probabilities that, by de�nition, must add up 
to 1. �e end of each of the branches is assigned a utility. To determine, for 
example, if a drug should be given, the utility of each end branch is multiplied 
by the probability of ending on that branch, and this process is continued or 
folded back until each of the original choices is assigned a score. Using this 
model, the best choice is the choice with the highest score. Decision analysis 
can be applied to decisions in which prospective trials are impractical, such 
as a public health policy decision, or when a randomized controlled trial would 
be impractical, such as developing a strategy for screening for cervical cancer. 
Since probabilities assigned to some of the nodes may not be known and 
could plausibly be within a range, a technique known as sensitivity analysis 

used in a population in which the disease is rare compared with when it is 
used in a population in which the disease is common.

�is insight is the essence of Bayes theorem: the likelihood of the disease 
given a positive test result depends on both the test characteristics and on the 
prevalence of the disease in the population. Bayes theorem is o�en expressed 
by the formula P(A | B) � (P(B | A) * P(A))/P(B), (probability of disease A 
given test result B is the probability of result B given disease A times the 
probability of disease A, divided by probability of result B), but the essence 
of the greatest value of Bayes theorem to physicians can be understood from 
the simple 2 � 2 table.

Another useful concept is the likelihood ratio, which is the prevalence of a 
sign (or any test result) in patients with the diagnosis of interest divided by 
the prevalence of the identical �nding (or test result) in patients without the 
target diagnosis.8 �e positive likelihood ratio is expressed by the formula 
P B A P B A( | ) ( | ) (or [sensitivity] � [1 � speci�city]) (E-Table 8-3).

Other common measures used in decision making can be derived from 
these simple building blocks that come from the 2 � 2 table. Pretest probability 
in the 2 � 2 model is the same as the prevalence of disease�how common 
it is in that population. Before doing any test, the probability of disease is 
simply the prevalence in that population. A�er performing the test, we may 
have a di�erent probability�the post-test probability�which is why we per-
formed the test.

In the 2 � 2 model, a test is de�ned as either positive or negative. However, 
it may not be clear where to draw the line (or threshold) between positive 
and negative. Figure 8-2 shows 3 possible divisions between a positive and 
negative test result. �e vertical line on the le� excludes all patients who do 
not have the disease, but it classi�es less than half of the patients with the 
disease as positive. �e one on the right results in all patients with the disease 
having a positive result, but at the cost of including patients who do not have 
the disease in the positive result. �e middle line achieves a compromise�
most of the patients with the disease are de�ned as having a positive result 
and most of the patients without the disease are de�ned as having a negative 
result. Which of the three lines is chosen depends on how the test is being 
used. A plot of all such possible lines with the sensitivity and speci�city creates 
a curve showing how sensitivity and speci�city are related for the test: a receiver 
operator characteristic (ROC) curve (Fig. 8-3) is a common way to display this 
relationship. An ideal test would have a curve closer to A than to B�a high 
sensitivity and a high speci�city. ROC curves can also be used to compare 
the ability of di�erent tests to distinguish between the presence or absence 
of disease. Tests with higher areas under the curve are considered be�er tests.

In most cases, physicians do not rely on a single test to determine whether 
or not a condition or disease is present. Rather, several test results and other 
data (which may include portions of the patient�s history and �ndings on the 
physical examination), as well as �ndings from past records, are incorporated 
into that judgment. �is multiplicity of information highlights one of the 
limitations of Bayes theorem. Multiple test results may not be independent 
of each other, but Bayes theorem assumes that they are. It is also important 
to be aware that it is di�cult to determine the accuracy of historical and 
examination data�particularly if not gathered �rst-hand but obtained from 
an electronic health record. Some laboratory data imaging and pathology 
results may vary depending on the interpreter who created the report. Astute 
clinicians understand that data may be inaccurate or subject to di�ering 
interpretation.

N
um

be
r o

f p
at

ie
nt

s

With disease
Without disease

FIGURE 8�2.  For each of the vertical lines, those results to the left indicate a positive 
result while results on the right indicate a negative result. 
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FIGURE 8�3.  A receiver operator characteristic (ROC). This displays the relationship 
between all possible divisions between positive and negative results and test character-
istics, sensitivity and speci�city. The best test has very high sensitivity and speci�city. In 
this example, A is a better test than B. 
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E�TABLE 8�3	 KEY DEFINITIONS FOR BAYES THEOREM*
Probability A number between 0 and 1 that expresses an estimate 

of the likelihood of an event
Odds �e ratio of [the probability of an event] to [the 

probability of the event�s not occurring]
BAYESIAN ANALYSIS
Pretest (or prior) probability �e probability of a disease before the information is 

acquired
Post-test (or posterior) 

probability
�e probability of a disease a�er new information is 

acquired
Pretest (or prior) odds (Pretest probability of disease)/(1 � pretest 

probability of disease)
Likelihood ratio (Probability of result in diseased persons)/

(Probability of result in nondiseased persons)
*Disease can mean a condition, such as coronary artery disease, or an outcome, such as 
postoperative cardiac complications.



a test with higher risk and expense may be warranted, such as computed tomo-
graphic pulmonary angiography, which has both a high sensitivity and a high 
speci�city. By balancing the patient�s pretest probability, as determined using 
a prediction rule, with a test�s expenses, risks, and operating characteristics, 
an appropriate decision-making strategy can be developed and applied to an 
individual patient.
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can be used to determine if the key conclusions of the decision analysis model 
would change as the chance node probabilities change within that range. 
Including bene�t and cost in decision analysis permits a cost-bene�t (or cost-
e�ectiveness) analysis11 that can lead to informed decisions regarding what 
strategy or approach should be pursued, or whether a new technology or 
treatment should be adopted.

 Aids to Decision Making
As the volume of text, test results, images, and genomic data rises, the limita-
tions of human cognition o�en are reached. For example, most physicians are 
able to keep several data elements in mind when making a decision, but 
decision-making aids become worth considering when the number of facts 
to be considered rises to include a dozen or more. Some of these aids are 
simple prediction rules,12 which can use clinical data to estimate the pretest 
probability of a condition. In other cases, automated systems, as simple as 
smartphone applications and as complex as cloud-based systems, can be helpful 
for diagnostic and therapeutic decision making. With progressively rising 
volumes of health care data and computing power, machine learning, arti�cial 
intelligence, and other analytical tools and techniques may increasingly provide 
additional aid to clinician decision making.

To apply these concepts, consider a patient with breathlessness. Does this 
patient have a pulmonary embolism or some other condition? Although data 
derived from the history and physical examination individually have a low 
sensitivity, the pretest probability of pulmonary embolism (Chapter 74) can 
be classi�ed as high, moderate or low when used together to calculate a Wells 
score (Chapter 74). In patients so classi�ed as having low risk, the D-dimer 
test has high sensitivity and therefore a high negative predictive value; as a 
result, a negative test reduces the risk of pulmonary embolism substantially. 
�e D-dimer test carries a trivial risk to the patient, and its cost is low. Based 
on its test characteristics, a negative D-dimer result can safely exclude venous 
thromboembolism and limit the number of patients requiring further evaluation 
with imaging techniques. Conversely, in a patient with high pretest probability, 
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FIGURE 8�4.  Example of decision analysis. The model begins with a choice (choice node) leading to chance nodes. The probability of branches from each choice node add up to 1. 
At the end of all branches is an outcome with a utility value. By folding back each chance node�adding probability � utility successively�a value is assigned to both choices. 
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REVIEW QUESTIONS
1.	 A study of 105 vegan Buddhist nuns randomly sampled from monasteries 

around Ho Chi Minh City found that the average femoral neck bone mineral 
density was 0.62 g/cm2, with a standard deviation of 0.11 g/cm2. Which 
of the following statements about this result is correct?
	A.	 �e 95% con�dence interval for the mean bone mineral density in these 

women is about 0.4 g/cm2 to 0.84 g/cm2.
	B.	 If bone mineral density is normally distributed, we would expect about 

10% of the women in the sample to have bone mineral density outside 
of the interval: 0.4 g/cm2 to 0.84 g/cm2.

	C.	 �e 95% con�dence interval for the mean bone mineral density in these 
women is about 0.60 g/cm2 to 0.64 g/cm2.

	D.	 Because the women were sampled randomly, there is a 95% chance that 
a randomly selected woman from the population would have a bone 
mineral density between 0.60 g/cm2 and 0.64 g/cm2.

	E.	 Because the women were sampled randomly, there is a 95% chance that 
a randomly selected woman from the sample would have a bone mineral 
density between 0.60 g/cm2 and 0.64 g/cm2.

Answer: C  We would expect about 95% of observations to be within 2 standard 
deviations of the sample mean, leaving 5% out, so choice B is incorrect. �e 
95% con�dence interval for a sample mean is about mean �2 standard 

errors of the mean (SEM), where the SEM SD�
N

. In this case the SD is 

0.11 g/cm2 and the N is about 100, so the SEM will be about .11/10 � .01 g/
cm2 and the 95% CI will be about 0.60 g/cm2 to 0.64 g/cm2, as indicated in 
choice C. Choices D and E are incorrect because the range given is too narrow: 
it is �2 SEM when it should be �2 SD.

2.	 A study of data collected through the �Get with the Guidelines-Stroke 
Program� examined the time from onset of stroke symptoms to treatment 
with tissue-type plasminogen activator (tPA) among 58,353 patients with 
acute ischemic stroke treated within 4.5 hours of the onset of symptoms. 
�e authors reported that �faster onset-to-treatment time, in 15-minute 
increments, was associated with�increased achievement of independent 
ambulation at discharge (OR, 1.04; 95% CI 1.03-1.05; P � 0.001)�� Which 
of the following is a correct interpretation of these �ndings?
	A.	 In this study, the e�ect of a 15-minute reduction in onset-to-treatment 

time was associated with a 4% (relative) increase in the odds of inde-
pendent ambulation at discharge.

	B.	 Because the odds ratio is very close to 1.0, the results are not statistically 
signi�cant.

	C.	 Because the odds ratio is very close to 1.0, the results, while highly 
statistically signi�cant, are not clinically signi�cant.

	D.	 �e 4% increase in odds of independent ambulation translates into a 
number needed to treat (NNT) of 25.

	E.	 None of the above is correct.
Answer: A  Choice A exactly expresses the meaning of the odds ratio for 
this study. Choices B and C are incorrect because the proximity of the odds 
ratio to 1 is in this case based partly on the choice of the authors to express 
it per 15 minutes onset-to-treatment time. �is illustrates the importance of 
knowing the units of the predictor variable when it is not dichotomous. If the 
authors had expressed the di�erence per hour instead of per 15 minutes, the 
odds ratios would have been taken to the fourth power, i.e., the odds ratio for 
independent ambulation at discharge would have been about 1.044 � 1.17. 
Choice D is incorrect because estimation of the NNT requires knowing the 
absolute risk reduction, which was not provided in this case.

3.	 Assume a study of both smoking and nonsmoking mothers reports that 
the e�ect of smoking on birthweight is about a 32-gram decrease in birth 
weight per cigare�e smoked per day during pregnancy. Which of the fol-
lowing statements about this �nding is NOT correct?
	A.	 �e result is based on a model, in which the predicted birthweight is 

linearly related to the number of cigare�es smoked per day.
	B.	 �is model predicts that the di�erence in birthweight between a baby 

whose mother did not smoke and one who smoked 5 cigare�es per day 
is the same as the di�erence between babies of mothers who smoked 
20 and 25 cigare�es per day.

	C.	 �e model predicts the same e�ect of smoking on birthweight, regard-
less of the mother�s age and prepregnancy weight.

	D.	 �is model predicts that cu�ing cigare�e smoking in half will lead to 
a 64 gram expected weight increase in the baby.

	E.	 �e model could include additional terms that would re�ect the e�ect 
of mother�s age and prepregnancy weight.

Answer: D  Choices A, B and C accurately describe characteristics of a linear 
model for the e�ect of smoking on birthweight. Choice D is not consistent 
with a linear model. Choice E re�ects that the e�ects of other variables can 
be taken into account, while still maintaining a linear model for the e�ect of 
cigare�es smoked on birthweight.

4.	 A case-control study of the relationship of breast cancer with the use of 
COX-2 inhibitors found that the odds ratio and con�dence interval relating 
cancer to use of baby aspirin was OR � 0.77, 95% CI (0.42-1.41). �e 
authors then stated �Neither acetaminophen nor baby aspirin had any e�ect 
on the relative risk of breast cancer.� �is is incorrect because:
	A.	 �e con�dence interval crosses 1.
	B.	 �ey do not give the p-value.
	C.	 �e con�dence interval has a lower limit of 0.42.
	D.	 Odds ratios are inappropriate for this study.
	E.	 �ey should have used a higher level of con�dence.

Answer: C  C is correct because the con�dence interval allows for a 58% 
reduction (from (1-.42)*100%) in the chance of breast cancer associated with 
the use of baby aspirin, a potentially important e�ect. Choice A is incorrect 
because it merely indicates a lack of a statistically signi�cant result and does 
not bear on the size of the e�ect. Choice B is incorrect because CIs are more 
useful for ruling out important e�ects. Odds ratios are especially useful in 
case-control studies, so D is incorrect. And E is incorrect because a higher 
level of con�dence would make the CI even wider.

5.	 In a randomized trial of an intervention to reduce hypertension, researchers 
selected subjects from a single antihypertensive patient club in Shanghai. 
About one third of those approached agreed to be randomized. �e results 
of this study can be safely generalized to:
	A.	 All hypertensives.
	B.	 All hypertensives in China.
	C.	 All hypertensives in Shanghai.
	D.	 All hypertensives belonging to the single club in Shanghai.
	E.	 None of the above.

Answer: E  Because two thirds of the participants refused to participate, the 
extrapolation of the e�ect of the intervention might not even apply to the 
particular club in which the study was conducted, much less a broader 
population.
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6.	 A 53-year-old man presents to his primary care physician with a chief 
complaint of chest pain for the last two weeks. �e pain is described as 
intermi�ent, usually exertional, midline, and aching in nature. His electro-
cardiogram is completely normal. Which of the following is the most 
appropriate next step?
	A.	 Watch and wait
	B.	 Exercise electrocardiography
	C.	 B-type natriuretic peptide
	D.	 Exercise nuclear scintigraphy
	E.	 Coronary angiography

Answer: B  �e immediate question is whether this patient�s symptoms rep-
resent new ischemic heart disease. His clinical presentation suggests a moderate 
probability of coronary artery disease, so watch-and-wait is probably too risky 
a strategy. At the same time, he does not appear to have unstable ischemic 
disease, so there is no need to proceed immediately to coronary angiography 
in preparation for coronary revascularization. Measurement of B-type natri-
uretic peptide would not alter management. Of the two noninvasive tests for 
ischemic heart disease, exercise electrocardiography is the least expensive, 
most convenient, and carries no radiation exposure. Guidelines would thus 
suggest B as the most appropriate next step.

7.	 A patient undergoes an exercise test, and has 2 mm of ST-segment depres-
sion on electrocardiogram. In which of these patients would this �nding 
be most likely to change management?
	A.	 A healthy 19-year-old volunteer in a research study
	B.	 A 62-year-old woman who is completely asymptomatic
	C.	 A 62-year-old woman with frequent nonexertional aching chest pain
	D.	 A 62-year-old woman with recent myocardial infarction and chest pain 

at rest
	E.	 A 62-year-old woman who is completely asymptomatic four months 

a�er coronary artery bypass gra� surgery

Answer: C  Patients A and B are of su�ciently low probability for having 
coronary disease that the exercise test abnormality is highly likely to be a 
false-positive result. Patient D has an extremely high probability of coronary 
disease, and likely needs coronary angiography and revascularization as next 
steps; she does not need exercise electrocardiography, because the test is 
unlikely to change this management plan. Patient E�s care is also not likely to 
be in�uenced by an exercise test result because she is asymptomatic a�er 
major coronary revascularization surgery. Patient C has a low-to-moderate 
probability of coronary disease, and this abnormal exercise test result moves 
her into a midrange probability. �us, she is likely to undergo either further 
testing, initiation of antianginal therapy, or both as a result of this exercise 
test result.

8.	 Which of the following is NOT an important consideration when weighing 
whether to order a test for a patient?
	A.	 Test may in�uence decision making for patient�s care
	B.	 Test is less expensive than alternative strategies
	C.	 Test is safer than alternative strategies
	D.	 Test reduces patient�s or clinician�s uncertainty
	E.	 Test is expected to be abnormal in presence of patient�s already con�rmed 

diagnosis
Answer: E  Tests should be ordered when they are expected to change care, 
and should be chosen on basis of safety, cost, and impact. �ey should not 
be ordered simply because they can con�rm an already known diagnosis.
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9 
MEASURING HEALTH AND HEALTH CARE
CAROLYN M. CLANCY AND ERNEST MOY

Physicians routinely quantify a variety of health measures, including symptoms, 
vital signs, and �ndings on physical examination, to improve diagnosis, treat-
ment, and prognostication. Similarly, the e�cacy and quality of health care 
can and should be measured for several reasons.

First, the quality of care delivered is o�en suboptimal. Persistent variations 
in practice for patients with the same diagnosis re�ect a combination of clinical 
uncertainty, individualized practice styles, patients� preferences and charac-
teristics (age, race, ethnicity, education, income), and other factors. Both 
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ABSTRACT
Measuring health, health care quality, and health care resources is an essential 
dimension of contemporary health care organizations. �is chapter describes 
the di�erent approaches to measurement, the evidence base for those measures, 
and how to match available measures to the needs and interests of patients, 
policymakers, and other stakeholders.
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are all critical. Case-mix adjustment methods commonly use sophisticated 
statistical approaches in an a�empt to adjust for such potential di�erences 
and to estimate whether observed di�erences result from di�ering patient 
populations rather than true di�erences in quality of care.

�e precision of speci�c measures is also a challenge. Many stakeholders, 
especially payers and policymakers, are increasingly impatient and are gener-
ally more enthusiastic about use of measures that are only �pre�y good� than 
are providers whose care is being judged.

  SELECTING MEASURES: WHICH MEASURES ARE 
RIGHT FOR WHAT PURPOSE?

Creating measures is di�erent from selecting which measures are most impor-
tant and meaningful. Numerous publicly available sources provide a wealth 
of health and health care information (E-Table 9-1). �e most prominent 
consensus-based organization that endorses measures is the National Quality 
Forum, which convenes panels of experts to assess the quality of a proposed 
measure based on criteria that include importance, scienti�c acceptability, 
feasibility, and usability. Endorsed measures are reassessed periodically to 
ensure they remain up-to-date and applicable.

�e National Institutes of Health Patient Reported Outcomes Measurement 
Information System (h�p://www.nihpromis.org) is a repository of standard-
ized patient-reported health status measures and collection instruments. 
Domains include physical, mental, and social well-being. �e Agency for 
Healthcare Research and Quality National Quality Measures Clearinghouse 
(h�p://www.qualitymeasures.ahrq.gov) is an inventory of evidence-based 
measures of health care quality. Domains include clinical quality, e�ciency, 
and population health. Also related are the National Guidelines Clearinghouse 
(h�p://www.guideline.gov) and the Health Care Innovations Exchange (h�p://
www.innovations.ahrq.gov), collections of clinical guidelines and descriptions 
of successful uses of measures, respectively.

Potential users should examine the a�ributes of speci�c measures to ensure 
that they are appropriate for their intended application (Table 9-3). A number 
of organizations have developed scales or rating systems that summarize per-
formance across multiple dimensions. Sometimes referred to as composite 
measures (e.g., a le�er grade from the Leapfrog Group for hospital safety), 
these scales vary in comprehensiveness with li�le consensus regarding how 
components of a summary scale should be weighted. Indeed, it is not uncom-
mon for a hospital to receive an �F� from one group and be rated a �top 
performer� by another. �us, although appealing in their simplicity, the optimal 
use of these approaches remains unresolved.

  MEASURING HEALTH AND HEALTH CARE AS 
PARTS OF A SYSTEM

Measuring health and health care together is also important for understanding 
the system as a whole. Patients, providers, and policymakers generally agree 
that the paramount goal of the health system is to improve health. At the 
population health level, however, factors other than medical care are highly 
in�uential. For example, population health is probably a�ected as much by 
health behaviors�such as diet, physical activity, smoking, and alcohol and 
drug use�as by the direct provision of medical care (E-Fig. 9-2). Social char-
acteristics (e.g., poverty, education, crime, and residential segregation) and 
physical determinants (e.g., housing and the natural and built environment) 
also probably impact population health to a greater extent than medical care.

Viewing medical care as a component of a system for generating and pre-
serving population health has many implications for physicians and other 
health care providers. First, it emphasizes the importance of services to encour-
age healthy lifestyles and prevent the development of disease. For example, 
e�orts to prevent tobacco use (Chapter 29) among adolescents (Chapter 14) 

  SELECTING MEASURES BASED ON EVIDENCE
Data used to measure the structure, process, and outcomes of health care can 
be gathered as part of rigorous hypothesis-driven research or from secondary 
sources of data initially collected for routine clinical care billing. �e data�s 
rigor and integrity are critical to the reliability of analyses performed on them.

In addition to the quality of the data themselves, however, the method of 
study design is also critical to the validity of reported �ndings. �e most robust 
measures are supported by the concurrence of evidence derived from di�erent 
research methodologies. In randomized controlled trials, random assignment 
of the intervention ensures that both patients who do and do not receive it 
are as similar as possible. In double-blind studies, neither the patient nor the 
patient�s physician knows the assigned treatment. For more complex interven-
tions, such as the use of a team to manage depression, blinding is impractical. 
In all se�ings, controls typically receive the best standard care. In some situ-
ations, patients may serve as their own controls in a time-series randomized 
trial. Adaptive designs incorporate strategies that assign more participants to 
treatment groups that are performing well, assign fewer participants to groups 
that are performing poorly, and investigate wide dose ranges to identify the 
most e�ective dose.1,2 Pragmatic trials inform a clinical or policy decision by 
determining the usefulness of an intervention for real-world clinical practice.3,4 
Noninferiority trials are designed to prove the equivalence of two strategies.5

Although the randomized trial is a rigorous way to assess treatment e�ects, 
enrollment is o�en limited to selected individuals who meet strict entry criteria. 
�is approach enhances a trial�s internal validity but limits its generalizability. 
As a result, randomized trials are ideal for establishing an intervention�s e�cacy, 
which is its potential bene�t under ideal conditions, but not necessarily its 
e�ectiveness in the real world. Cluster randomized trials, which randomize the 
level of the provider or system, represent a practical approach to determining 
e�ectiveness.

Although randomized trials are critical for assessing e�cacy and e�ective-
ness, observational and case-control studies are also important. In a cohort study, 
persons or patients are followed to determine their outcomes as a function 
of whether or not they possess a particular a�ribute or have been exposed to 
a particular condition or intervention. Cohort studies can provide a direct 
estimate of the absolute risk for an outcome in exposed patients but cannot 
guarantee whether such di�erences are related to interventions that were not 
randomly allocated.

In case-control studies, cases are de�ned based on having experienced an 
outcome not experienced by controls.6 Information that is gleaned from exist-
ing records or interviews can determine the proportion of case and control 
patients who experienced an exposure of interest. Case-control studies can 
achieve the same or higher statistical power as cohort studies despite enrolling 
fewer subjects, so they are especially a�ractive for investigating uncommon 
outcomes, such as serious adverse e�ects of medications when the events are 
too rare to study with clinical trials or cohort studies. Case-control studies 
are subject to misclassi�cation bias and recall bias, and they provide estimates 
of relative risk but not absolute risk.

Cross-sectional studies collect data at just one point in time. �ey can be 
used to estimate the prevalence of a condition or outcome but not to make 
valid inferences about whether a given outcome is related to any causal a�ribute 
or event.

�ere are additional methodologic issues beyond the credibility and quality 
of the source of data for quality measures. When presented with reports sug-
gesting less-than-perfect performance, many physicians believe that their 
patients are sicker or are less likely to adhere to treatment recommendations. 
To address these concerns, risk adjustment for severity of illness, accurate 
identi�cation of patient characteristics, and assessment of outcomes over time 

TABLE 9�2	 USES OF HEALTH AND HEALTH CARE MEASURES BY USER AND UNIT OF ANALYSIS
USES BY PROVIDERS USES BY POLICYMAKERS USES BY PATIENTS

Patient-level measures Diagnosis and prognosis
Monitoring treatment response 

and compliance

Identifying sentinel events Tracking health and health needs
Retirement and estate planning

Provider practice or health 
plan�level measures

Improving quality
Improving e�ciency
Reducing disparities

Public reporting
Paying for performance
Provider credentialing

Selecting providers and health plans

Community-level measures Selecting practice location Resource allocation
Policy evaluation

Selecting place to live
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E�FIGURE 9�2.  Determinants of population health. (Source: CDC Social Determinants 
of Health, https://www.cdc.gov/nchhstp/socialdeterminants/faq.html.)

E�TABLE 9�1	 EXAMPLES OF PUBLICLY AVAILABLE SOURCES 
OF SECONDARY DATA

FEDE�L AGENCIES
Agency for Health Care Research and Quality (AHRQ): h�p://www.ahrq.gov

Healthcare Cost and Utilization Project�the largest collection of longitudinal 
hospital care data in the United States, with all-payer, encounter-level 
information beginning in 1988: h�p://www.hcup-us.ahrq.gov/

Medical Expenditure Panel Survey (MEPS)�a set of large-scale surveys of U.S. 
families and individuals, medical providers, and employers: h�p://meps.ahrq 
.gov/mepsweb

National CAHPS benchmarking database�the national repository for data from 
the CAHPS family of surveys: h�ps://cahpsdatabase.ahrq.gov

National Healthcare Quality and Disparities Reports�the database of the 
National Reports including the State Snapshots and NHQR/DR query tool: 
h�p://nhqrnet.ahrq.gov/inhqrdr/

Centers for Disease Control and Prevention (CDC): h�ps://www.cdc.gov
CDC Wonder: h�ps://wonder.cdc.gov
DATA2020�the Healthy People 2020 interactive data tool that allows users to 

explore the data and technical information related to the Healthy People 2020 
objectives: h�ps://www.healthypeople.gov/2020/data-search/

Centers for Medicare and Medicaid Services (CMS): h�p://www.cms.gov/
A family of consumer-oriented websites that provides information on quality of 

care delivered in various se�ings:
Dialysis Facility Compare: h�p://www.medicare.gov/DialysisFacilityCompare/

search.html
Home Health Compare: h�p://www.medicare.gov/homehealthcompare/search.

html
Hospital Compare: h�p://www.medicare.gov/hospitalcompare/search.html
Nursing Home Compare: h�p://www.medicare.gov/nursinghomecompare/

search.html
Indian Health Service: h�p://www.ihs.gov
U.S. Census Bureau American Fact Finder: h�p://fact�nder2.census.gov/faces/nav/

jsf/pages/index.xhtml
Cancer Data from the National Cancer Institute SEER program: h�p://seer.cancer.

gov
Department of Veterans A�airs: ASPIRE is a web-based dashboard that documents 

quality and safety goals for all VA hospitals. �ese data show strengths and 
opportunities for improvement at the national, regional, and local hospital level. 
�e data are updated regularly.

ASPIRE: h�p://www.hospitalcompare.va.gov/HOSPITALCOMPARE/aspire/
index.asp

PRIVATE, NONPROFIT ORGANIZATIONS
Commonwealth Foundation/IPRO Why Not the Best?�measures of hospital 

quality that are publicly reported by Center for Medicare and Medicaid Services: 
h�p://www.whyno�hebest.org

National Quality Forum (NQF) Quality Positioning System�inventory of quality 
measures endorsed by NQF: h�p://www.qualityforum.org/QPS/QPSTool.aspx

�e Joint Commission Quality Check�provides hospital-speci�c quality data from 
a variety of sources, including Joint Commission core measures (ORYX): h�p://
www.qualitycheck.org/consumer/searchQCR.aspx
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health care measures are used to assess quality, adjustment for these factors 
is critical to ensure that comparisons are not biased.

Another virtue of measuring health and health care together is to assess 
the value of components of the health system or the health system as a whole. 
U.S. national health expenditures have increased over 100 times from $27 
billion (5.0% of the gross domestic product) in 1960 to $3.2 trillion in 2015 
(17.8% of the gross domestic product) (Fig. 9-1). �ey are projected to exceed 
$5.5 trillion in 2025 and account for 20% of the gross domestic product. 

may yield greater population health bene�ts than treating the complications 
of nicotine addiction later in life. Second, it serves as a reminder that patients 
who seek care have widely varying a�ributes and resources, factors that may 
a�ect their ability to comply with treatment recommendations. As a conse-
quence, it is important to consider medications with lower out-of-pocket costs 
for low-income patients and to simplify instructions to a patient�s level of 
health literacy. �ird, it recognizes how environmental factors outside of the 
control of physicians o�en have a large impact on population health. When 

TABLE 9�3	 ATTRIBUTES OF MEASURES OF HEALTH AND HEALTH CARE
MEASURE ATTRIBUTES CRITERIA FOR PROVIDERS CRITERIA FOR POLICYMAKERS CRITERIA FOR PATIENTS
Measure is scienti�cally sound

Based on strong evidence Based on high-quality studies?
Valid Measures what is intended and includes key elements?
Reliable Reproducible by di�erent measurers and providers?
Clearly speci�ed Numerator, denominator, exclusions, and risk adjustment de�ned?
Endorsed by independent experts Well-accepted by scienti�c and medical communities?

Condition is important
A�ects many people
Causes high mortality or morbidity
Is costly
Is very unequal across populations

Important for my practice or the 
population I serve?

Important for population that will be 
a�ected by my policy?

Important to me?

Data collection is feasible
Already available
Could be collected at low cost relative to 

potential bene�t
Auditable

Available for my practice or the population 
I serve?

Available before and a�er policy 
implementation for a�ected 
population?

Available to me?

Findings are actionable
Can be understood
Can be improved
Have been used successfully
Have few unintended consequences

Do I know what actions I must change to 
improve quality?

Used in practices like mine to improve 
quality with few unintended 
consequences?

Do I know what policies I must 
change to improve quality?

Used for policies like mine to improve 
quality with few unintended 
consequences?

Do I know what actions I must take 
to improve my health?

Used by patients like me to improve 
health with few unintended 
consequences?

When used as part of measure set, measures are:
Balanced

Represents multiple conditions, se�ings of care, populations, types of data (survey, administrative data, medical records), 
types of measures (structure, process, outcomes), and perspectives (patient, provider, system, society) as appropriate?

Able to be disaggregated Identi�es individual measures that can be improved?
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FIGURE 9�1.  National health expenditures by select components, 1960-2025. Estimates for 1960-2015 are based on historical data; estimates for 2016-2025 are projections. Expen-
ditures do not adjust for in�ation. Administration includes health insurance expenditures other than health bene�ts paid as well as administration of government programs. (Source: 
CMS National Health Expenditure Data, https://www.cms.gov/Research-Statistics-Data-and-Systems/Statistics-Trends-and-Reports/NationalHealthExpendData/index.html. Accessed  
May 10, 2019.)



Expenditures on hospital care, physician and clinical services, prescription 
drugs, and the administration of health insurance account for 70% of total 
national health expenditures. Payers and employers can examine the cost-
e�ectiveness of speci�c services and promote those that yield the largest health 
bene�ts for each dollar spent. U.S. health care processes rank much higher 
than health outcomes, despite the world�s highest health care expenditures.7 
One explanation is that factors related to patients� social conditions, such as 
poverty and lack of health insurance, may prevent even excellent medical care 
from achieving the best health outcomes.

Physicians also have a critical role in ensuring that health resources are 
allocated wisely. Unfortunately, about one third of U.S. health care expenditures 
probably do not improve health. As just one example, about 10% of patients 
in intensive care units are identi�ed by critical care specialists as receiving 
clearly futile care. Physicians commonly overestimate the bene�ts and under-
estimate the harms of screening, tests, and treatments.8 As a result, unnecessary 
tests or procedures add to costs and can also increase morbidity or even mor-
tality. A�empts to reduce such unnecessary and even harmful medical care 
must, of course, be balanced by being sure that potentially bene�cial care is 
not reduced.
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ABSTRACT
�e goal of medicine is to deliver care that is high quality, safe, timely, equi-
table, and patient-centered, and to do so at the lowest possible cost. Studies 
over the past generation have demonstrated important gaps in all of these 
areas. In response to these gaps, increasing emphasis is being placed on imple-
menting strategies�at both the individual clinician and the system level�to 
improve quality, safety, and health care value. Such strategies tend to emphasize 
a systems approach to improvement, teamwork, and learning from mistakes 
and quality gaps, in part by taking advantage of technology and tools such as 
electronic health records. �e policy and payment environments also play 
important roles in creating appropriate accountabilities and incentives for 
both clinicians and health care systems to emphasize care improvement as a 
core activity and an imperative.
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patient�s underlying illness. �is distinction is crucial. For example, when a 
patient who was appropriately prescribed vancomycin for a serious methicillin-
resistant staphylococcal infection develops kidney injury despite a therapeutic 
serum level, an adverse event, not a medical error, has occurred. Conversely, 
if the serum level of antibiotic was supratherapeutic because the patient had 
simultaneously been given other nephrotoxic agents, then a medical error 
would have occurred.

 The Modern Approach to Patient Safety
�e historical approach to medical errors o�en has been to blame the provider 
who was most proximate: whoever performed the surgery, hung the intrave-
nous medication, or mixed the chemotherapy. It is now recognized that this 
approach fails to appreciate that most errors are commi�ed by hardworking, 
well-trained individuals, and such errors are unlikely to be prevented by admon-
ishing people to be more careful or by shaming and suing them. Instead, the 
modern approach, known as systems thinking, holds that humans will inevitably 
err and that safety depends on creating systems that anticipate errors and 
either prevent or catch them before they cause harm. Such an approach has 
been the cornerstone of safety improvements in other high-risk industries for 
some time.

�e �Swiss cheese� model of accidents, drawn from innumerable investiga-
tions of accidents in commercial aviation and the nuclear power industry, for 
example, emphasizes that single errors by one individual working in an oth-
erwise safety-conscious system rarely cause harm. Instead, such errors must 
penetrate multiple incomplete layers of protection (�layers of Swiss cheese�) 
to cause terrible harm. �e lesson is to focus not on the futile goal of trying 
to perfect human behavior but rather on creating multiple overlapping layers 
of protection to decrease the probability that the holes in the Swiss cheese 
will ever align, allowing an error to slip through.

 How to Improve Patient Safety
Drawing on these models, modern thinking emphasizes e�orts to design and 
implement systems to prevent or catch errors. For example, errors in routine 
behaviors can best be prevented by building in redundancies and crosschecks 
in the form of checklists, read-backs, and other standardized safety procedures, 
such as counting sponges in the operating room, signing a surgical site before 
an operation, or asking patients their names before administering a medica-
tion. In recent years, the use of checklists for the placement of central lines 
and to prepare patients for surgery has resulted in remarkable reductions in 
morbidity and mortality.5 One way to decrease errors at the person-machine 
interface is by the use of �forcing functions,� engineering solutions that decrease 
the probability of human error. �e classic example outside of medicine is 
the modi�cation of automobile braking systems to make it impossible to place 
a car in reverse when the driver�s foot is o� the brake. In health care, forcing 
functions include changing the gas nozzles and connectors so that anesthe-
siologists cannot mistakenly hook up the wrong gas, such as nitrogen instead 
of oxygen, and administer it to a patient. Given the ever-increasing complexity 
of modern medicine, building in such forcing functions in intravenous pumps, 
de�brillators, mechanical ventilators, and computerized order entry systems 
will be crucial to safety.

In addition to be�er systems, communication and teamwork must be 
improved. All commercial pilots must take �crew resource management� courses, 
in which they train for emergencies with other crew members, learn to �a�en 
hierarchies that might sti�e open communication, communicate clearly with 
standard language, and use checklists and other systematic approaches. �e 
evidence that such interventions in medical care will improve the safety of 
patients is increasingly persuasive. For example, be�er coordinated pharmacy 
practices can reduce medication errors a�er hospital discharge, and team-based 
approaches can reduce falls among hospital inpatients. A2  �e goal is a �culture 
of safety��an environment in which teamwork, clear communication, and 
openness about errors, both with other health care professionals and with 
patients, is the norm.

Another key principle in ensuring the safety of patients is to learn from 
one�s mistakes. Safe systems have a culture in which errors are openly discussed, 
o�en in morbidity and mortality conferences. To be most useful, these discus-
sions should be interdisciplinary (involving physicians and other health pro-
fessionals), identify when the errors occurred, and emphasize systems thinking 
and solutions; they should not be punitive. In addition to open discussions 
during conferences, safe organizations build in mechanisms to hear about 
errors from frontline sta�, o�en through �incident reporting systems�; they 
also perform detailed �root cause� analyses of major errors or �sentinel events� 
in an e�ort to de�ne all the layers of Swiss cheese that need improvement. 

Another concern is that an overemphasis on �extrinsic� motivation (i.e., bonus 
payments) can actually extinguish �intrinsic� motivation (i.e., professionalism). 
One variation on the P4P theme is Medicare�s �no pay for adverse events� 
program, in which hospital payments are withheld for certain �preventable� 
adverse events, such as injuries from falls or health care�associated infections. 
As with P4P more generally, the impact of such programs on quality and 
safety has been surprisingly modest.

 Quality Improvement Strategies
Whether the motivation is professionalism, embarrassment, or economics, 
the next question is how actually to improve the quality of care. �ere is no 
simple answer; successful institutions and physicians have used a variety of 
strategies. In general, most use a variation of a �plan, do, study, act� (PDSA) 
cycle, recognizing that quality improvement activities must be carefully planned 
and implemented, that their impact needs to be measured, and that the results 
of these activities are o�en imperfect and require retooling.

In addition to the PDSA cycle, several other types of activities are useful. 
Simply measuring performance data and feeding it back to individual providers 
or teams (�audit and feedback�) may lead to signi�cant improvements.

For quality improvement practices that require predictable repetition, e�orts 
to �hard wire� the practice or to use alternative providers who focus on the 
activity are o�en bene�cial. For example, the best strategy to increase the rate 
of pneumococcal vaccination (Chapter 15) among hospitalized patients with 
pneumonia is to embed it in a standard order set, either paper based or com-
puterized. Another example is that having a nurse remove patients� shoes 
before the physician�s entry can increase rates of diabetic foot examinations 
in an outpatient practice (Chapter 216). Now that the vast majority of hospitals 
and o�ce practices have electronic health records, it has become easier to 
measure performance, to deliver real-time feedback to providers, and to �hard 
wire� evidence-based practices into clinicians� work �ow.

In some areas, though, quality improvement involves much more complex 
and interdependent activities. In these circumstances, bringing teams together 
to examine their practices and to participate in a PDSA cycle is the most likely 
path to success. For example, a group of cardiac surgeons in the northeastern 
United States participated in an experiment in which they observed one 
another�s practices, agreed on best practices, and measured one another�s 
outcomes; the result was a 24% reduction in mortality with cardiac surgery. 
Many health care organizations are adopting one of the more sophisticated 
methodologies, such as Lean or Six Sigma, which involve mapping out all of 
the steps of a complex process (e.g., hospital admission) in an a�empt to root 
out waste. For a hospital or clinic, the precise methodology chosen is probably 
less important than the decision to adopt a single way of approaching complex 
processes in need of improvement.

  PATIENT SAFETY
 Epidemiology
�e concept of ��rst, do no harm� began more than 2 millennia ago, and many 
hospitals host periodic forums (e.g., morbidity and mortality conferences) to 
discuss errors. Until recently, however, there has been li�le teaching about 
the nature of medical mistakes, investment in safety research, regulation of 
safety standards, or emphasis on safety improvements, despite the fact that 
an estimated 44,000 to 98,000 Americans die each year from medical mistakes�
the equivalent of a jumbo jet crashing each day. Such deaths may be related 
to medication errors, gaps in the discharge process, communication problems 
in intensive care units, or retained sponges in surgical patients�in short, 
virtually every aspect of modern medical care. Moreover, detailed clinical and 
statistical evidence of suboptimal safety has been reinforced by several high-
pro�le and disquieting errors, sometimes apparently related to inadequate 
supervision and prolonged duty hours of trainees. �ese errors include the 
wrong patient ge�ing a major procedure, the wrong limb being operated on, 
chemotherapy overdoses, mistaken mastectomies, and more. In the past few 
years, new classes of errors have emerged because of poorly designed health 
care information systems. In addition, increasing a�ention is focusing on areas 
that were previously underemphasized, such as diagnostic errors. Of note is 
that about 1% of all physicians account for 32% of malpractice claims paid 
nationally.4

Because patients may be harmed despite receiving perfect care (i.e., from 
an accepted complication of surgery or a side e�ect of medication), it is impor-
tant to separate adverse events from errors. �e patient safety literature com-
monly de�nes an error as �an act or omission that leads to an unanticipated, 
undesirable outcome or to substantial potential for such an outcome.� Adverse 
events, in contrast, are injuries due to medical management rather than the 

the best evidence only slightly more than 50% of the time, even when adher-
ence is known to correlate with ultimate clinical outcomes.

 Levers for Change
For physicians, policymakers, administrators, and patients, evidence of major 
problems with quality has led to the recognition of structural problems that 
prevent the delivery of the highest quality of care. �ese problems include 
the lack of information regarding the performance of a provider or institution, 
the absence of incentives for quality improvement, the challenge for practicing 
physicians to stay abreast of modern evidence-based medicine, and the absence 
of an information technology support system for quality.

�e �rst step in quality improvement is the creation of practice standards 
against which to measure quality. Scores of such measures have been promul-
gated by a variety of organizations, including payers (such as the Centers for 
Medicare and Medicaid Services), accreditors (such as the Joint Commission), 
and medical societies. �ese measures have identi�ed many opportunities for 
improvement among individual physicians, practices, and hospitals.

Given the volume of new literature published each year, it is impossible for 
an individual physician to keep up with all the evidence-based advances in 
his or her �eld. Practice guidelines, such as those for the treatment of community-
acquired pneumonia (Chapter 91) or the prophylaxis of deep venous throm-
bosis (Chapter 74), aim to synthesize evidence-based best practices into a set 
of summary recommendations. Although concerns about �cookbook medicine� 
linger, there is a growing consensus that best practices should be �hard wired� 
if possible. �e major challenges are to update guidelines as new knowledge 
accumulates and to recognize the complexity of guidelines when patients have 
multiple, potentially overlapping illnesses. Clinical pathways are similar to 
guidelines but a�empt to codify a series of steps, usually temporally (on day 
1, do the following; on day 2, do the following; and so forth), making them 
more useful for stereotypical processes such as the postoperative management 
of patients a�er hip replacement. As more health care delivery organizations 
become computerized, pathways and guidelines are o�en translated into order 
sets or clinical decision support systems to guide clinicians at the point of care.

Although professionalism (Chapter 1) should be a su�cient incentive for 
physicians to provide high-quality care, physicians are only human. For example, 
disruptive patients can induce doctors to make more errors. A1  As a result, 
high-quality care typically depends on a system organized to translate research 
into practice and to deliver the right care every time. Such a system requires 
signi�cant investments (in educating physicians, hiring case managers or clini-
cal pharmacists, building information systems, and developing guidelines). 
�e historical payment system, which compensates physicians and hospitals 
on the basis of volume rather than quality, provides no incentive to make the 
requisite investments, but this situation is changing rapidly.

 The Changing Environment for Quality
�e recent recognition of major gaps in quality and of the need for systemic 
change to improve quality has led to a variety of initiatives to catalyze quality 
improvement. Virtually all involve several steps: de�ning reasonable quality 
measures (evidence-based measures; capturing appropriate structures, process, 
or outcomes), measuring the performance of providers or systems, and using 
these results to promote change. �is �nal imperative creates the greatest 
degree of uncertainty and experimentation.

Although one might hope that simply giving a physician information about 
prior performance would generate meaningful improvement, this strategy 
yields only modest change at best. Increasingly, a more aggressive and trans-
parent strategy, such as disseminating the results of quality measurement to 
key stakeholders, is being adopted. In some cases, simple transparency is the 
main strategy�the rationale being that providers will �nd the exposure of 
their gaps in quality to be su�ciently concerning or embarrassing to motivate 
improvement. Although there is li�le evidence that patients use such data to 
choose among physicians or hospitals, transparency itself has frequently resulted 
in impressive improvements in some publicly reported quality measures.

�e newest strategy in the United States is to tie payments for service to 
quality performance (pay for performance, or P4P). A number of P4P pro-
grams are under way, but early results indicate that di�erential payment leads 
to surprisingly modest gains beyond the improvements achieved by simple 
transparency.3 P4P also raises a host of concerns, including whether presently 
captured quality data are accurate, whether payments should go to the best 
performers or those with the greatest improvements, whether existing measures 
adequately measure quality in patients with complex diseases, and whether 
P4P will create undue focus on certain measurable practices, leading to relative 
ina�ention to other important processes that are not being compensated. 



CHAPTER  10  QUALITY, SAFETY, AND VALUE 41

�e importance of open communication extends to patients as well. Disclosure 
of errors is now required by the Joint Commission. Patients and families value 
such openness, and reasonably strong evidence indicates that disclosure of 
errors might decrease the chance of a malpractice suit.

Finally, there is increasing appreciation of the importance of a well-trained, 
well-sta�ed, well-rested, and experienced6 work force for the delivery of safe 
care. Lower nurse-to-patient ratios, lack of residents,7,8 long work hours for 
residents, low surgical volumes,9 and lack of board certi�cation are all linked 
to poor outcomes for patients. Safer systems cannot be created if the provid-
ers are overextended or poorly trained or supervised. For example, serious 
adverse events are more common in patients admi�ed on a weekend than 
a weekday.10 In the United States, the Accreditation Council for Graduate 
Medical Education has limited duty hours for residents and has prohibited 
�rst-year residents from working 24-hour shi�s. Evidence so far con�rms that 
these standards have improved residents� quality of life but not patient safety, 
probably because of the concomitant increase in risky hando�s (in fact, the ban 
on 24-hour shi�s was li�ed in 2017 based on such studies). A3  Similarly, data 
indicate that the risks of adverse outcomes of elective daytime procedures are 
similar whether or not the a�ending surgeon had provided medical services the  
previous night.11

In the absence of comparative evidence and in light of the high cost of 
interventions such as improved sta�ng, computerized order entry, and team-
work training, even institutions commi�ed to safety must o�en make di�cult 
choices. Given the natural tendency to focus on practices that are measured, 
publicly reported, and compensated, institutions and physicians tend to focus 
�rst on areas that are subject to regulation or on initiatives with multiple 
potential bene�ts, such as computerization. For example, computerization 
was promoted in the United States by a federal incentive program, which, 
between 2010 and 2015, provided billions of dollars to hospitals and physi-
cians that implemented computer systems meeting certain �Meaningful Use� 
standards. Today, more than 90% of U.S. hospitals and 80% of o�ce practices 
use electronic health records, with some evidence of improved safety as a 
result.

Because improving culture is di�cult to measure and to regulate, there is 
concern that it will not be as high a priority as it should be. Moreover, a safe 
culture depends on balancing the imperative to improve systems with the 
need to de�ne and enforce accountability. �e safety �eld is increasingly 
emphasizing more active enforcement of policies that address problems such 
as disruptive behavior by clinicians and failure to adhere to evidence-based 
safety practices.12 Organizations that are particularly adept at recovering from 
mistakes and ensuring safety have been called �high reliability� organizations. 
�e term �learning health system� is used to refer to organizations that itera-
tively learn from both successes and failures.

  VALUE: CONNECTING SAFETY AND QUALITY  
TO COST

Outside of health care, most purchasing decisions are based on perceived 
value: (quality � safety) � cost. Health care decisions historically have not 
been made this way, in part because of the limited ability of patients and payers 
to make rational judgments about the quality and safety of a given provider 
or system, and in part because health care insurance insulates patients from 
the full cost of care. In the United States, which spends nearly 20% of its Gross 
Domestic Product on health care, policy pressures are increasingly being 
brought to bear on the entire value equation, that is, promoting value, not 
volume. For example, Medicare�s Value-based Purchasing program modi�es 
hospital reimbursement on the basis of quality, safety, and patient satisfaction 
scores. �e organization�s readmission initiative threatens substantial cuts in 
reimbursement to hospitals with higher-than-expected 30-day readmission 
rates. Other federal programs seek to drive physicians and hospitals into 
arrangements in which they accept a �xed payment to manage a population 
of patients (Accountable Care Organizations) or for an episode of illness 
(bundled payments). Although such programs are controversial and of unproven 
value, they are part of a growing focus on quality, safety, the patient�s experi-
ence, and the costs of care.

Recently, there has been growing emphasis on trying to identify and elimi-
nate low-value care�care that adds costs but no, or insu�cient, bene�t. 
Although many of the techniques described above (audit and feedback, �hard 
wiring� best practices, improving culture) are applicable to these e�orts, the 
fact that physicians and health care organizations may bene�t �nancially from 
such care (such as in the case of unneeded procedures) or that patients may 
request it (such as in unnecessary antibiotics for viral infections) means that 
e�orts to eliminate low-value care o�en take on a public, even political, 

patient�s underlying illness. �is distinction is crucial. For example, when a 
patient who was appropriately prescribed vancomycin for a serious methicillin-
resistant staphylococcal infection develops kidney injury despite a therapeutic 
serum level, an adverse event, not a medical error, has occurred. Conversely, 
if the serum level of antibiotic was supratherapeutic because the patient had 
simultaneously been given other nephrotoxic agents, then a medical error 
would have occurred.

 The Modern Approach to Patient Safety
�e historical approach to medical errors o�en has been to blame the provider 
who was most proximate: whoever performed the surgery, hung the intrave-
nous medication, or mixed the chemotherapy. It is now recognized that this 
approach fails to appreciate that most errors are commi�ed by hardworking, 
well-trained individuals, and such errors are unlikely to be prevented by admon-
ishing people to be more careful or by shaming and suing them. Instead, the 
modern approach, known as systems thinking, holds that humans will inevitably 
err and that safety depends on creating systems that anticipate errors and 
either prevent or catch them before they cause harm. Such an approach has 
been the cornerstone of safety improvements in other high-risk industries for 
some time.

�e �Swiss cheese� model of accidents, drawn from innumerable investiga-
tions of accidents in commercial aviation and the nuclear power industry, for 
example, emphasizes that single errors by one individual working in an oth-
erwise safety-conscious system rarely cause harm. Instead, such errors must 
penetrate multiple incomplete layers of protection (�layers of Swiss cheese�) 
to cause terrible harm. �e lesson is to focus not on the futile goal of trying 
to perfect human behavior but rather on creating multiple overlapping layers 
of protection to decrease the probability that the holes in the Swiss cheese 
will ever align, allowing an error to slip through.

 How to Improve Patient Safety
Drawing on these models, modern thinking emphasizes e�orts to design and 
implement systems to prevent or catch errors. For example, errors in routine 
behaviors can best be prevented by building in redundancies and crosschecks 
in the form of checklists, read-backs, and other standardized safety procedures, 
such as counting sponges in the operating room, signing a surgical site before 
an operation, or asking patients their names before administering a medica-
tion. In recent years, the use of checklists for the placement of central lines 
and to prepare patients for surgery has resulted in remarkable reductions in 
morbidity and mortality.5 One way to decrease errors at the person-machine 
interface is by the use of �forcing functions,� engineering solutions that decrease 
the probability of human error. �e classic example outside of medicine is 
the modi�cation of automobile braking systems to make it impossible to place 
a car in reverse when the driver�s foot is o� the brake. In health care, forcing 
functions include changing the gas nozzles and connectors so that anesthe-
siologists cannot mistakenly hook up the wrong gas, such as nitrogen instead 
of oxygen, and administer it to a patient. Given the ever-increasing complexity 
of modern medicine, building in such forcing functions in intravenous pumps, 
de�brillators, mechanical ventilators, and computerized order entry systems 
will be crucial to safety.

In addition to be�er systems, communication and teamwork must be 
improved. All commercial pilots must take �crew resource management� courses, 
in which they train for emergencies with other crew members, learn to �a�en 
hierarchies that might sti�e open communication, communicate clearly with 
standard language, and use checklists and other systematic approaches. �e 
evidence that such interventions in medical care will improve the safety of 
patients is increasingly persuasive. For example, be�er coordinated pharmacy 
practices can reduce medication errors a�er hospital discharge, and team-based 
approaches can reduce falls among hospital inpatients. A2  �e goal is a �culture 
of safety��an environment in which teamwork, clear communication, and 
openness about errors, both with other health care professionals and with 
patients, is the norm.

Another key principle in ensuring the safety of patients is to learn from 
one�s mistakes. Safe systems have a culture in which errors are openly discussed, 
o�en in morbidity and mortality conferences. To be most useful, these discus-
sions should be interdisciplinary (involving physicians and other health pro-
fessionals), identify when the errors occurred, and emphasize systems thinking 
and solutions; they should not be punitive. In addition to open discussions 
during conferences, safe organizations build in mechanisms to hear about 
errors from frontline sta�, o�en through �incident reporting systems�; they 
also perform detailed �root cause� analyses of major errors or �sentinel events� 
in an e�ort to de�ne all the layers of Swiss cheese that need improvement. 



dimension. Whether a�empts to understand such overutilization can o�set 
these pressures nationally is currently unknown.
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�e newest strategy in the United States is to tie payments for service to 
quality performance (pay for performance, or P4P). A number of P4P pro-
grams are under way, and early results indicate that di�erential payment leads 
to surprisingly modest gains beyond the improvements achieved by simple 
transparency ( Jha AK, Joynt KE, Orav EJ, Epstein AM. �e long-term e�ect 
of Premier pay for performance on patient outcomes. N Engl J Med. 
2012;366:1606-1615). P4P also raises a host of concerns, including whether 
presently captured quality data are accurate, whether payments should go to 
the best performers or those with the greatest improvements, whether existing 
measures adequately measure quality in patients with complex diseases, and 
whether P4P will create undue focus on certain measurable practices, leading 
to relative ina�ention to other important processes that are not being com-
pensated. �e behavioral economics literature also warns that an overemphasis 
on �extrinsic� motivation (i.e., bonus payments) can actually extinguish �intrin-
sic� motivation (i.e., professionalism). One variation on the P4P theme is 
Medicare�s �no pay for adverse events� program, in which hospital payments 
are withheld for certain �preventable� adverse events such as injuries from 
falls or health care�associated infections ( Jack BW, Che�y VK, Anthony D, 
et al. A reengineered hospital discharge program to decrease rehospitalizations: 
a randomized trial. Ann Intern Med. 2009;150:178-187). As with P4P more 
generally, the impact of such programs on quality and safety has been surpris-
ingly modest.

4.	 �e �Swiss cheese model� for patient safety refers to which one of the 
following?
	A.	 �e importance of ensuring that the work force is well fed and rested
	B.	 �e ability of Swiss trains and watches to run on time
	C.	 �e observation that many errors relate to the failure of multiple incom-

plete layers of protection
	D.	 �e inadequate incentives to promote safety
	E.	 �e tendency for computer systems to create new classes of errors

Answer: C  �e �Swiss cheese� model of accidents, drawn from innumerable 
investigations of accidents in commercial aviation and the nuclear power 
industry, for example, emphasizes that single errors by one individual working 
in an otherwise safety-conscious system rarely cause harm. Instead, such errors 
must penetrate multiple incomplete layers of protection (�layers of Swiss 
cheese�) to cause terrible harm. �e lesson is to focus not on the futile goal 
of trying to perfect human behavior but rather on creating multiple overlap-
ping layers of protection to decrease the probability that the holes in the Swiss 
cheese will ever align, allowing an error to slip through.

5.	 Which one of the following would be an accurate equation to capture 
health care �value�?
	A.	 Quality � safety � patient satisfaction � cost
	B.	 Quality � patient satisfaction � cost � safety
	C.	 Cost � quality
	D.	 Quality � safety � patient satisfaction � cost
	E.	 Quality � cost � patient satisfaction

Answer: D  Outside of health care, most purchasing decisions are based on 
perceived value: (quality � safety) � cost. Health care decisions historically 
have not been made this way, in part because of the limited ability of patients 
and payers to make rational judgments about the quality and safety of a given 
provider or system, and in part because health care insurance insulates patients 
from the full cost of care. In the United States, which spends nearly 20% of 
its Gross Domestic Product on health care, policy pressures are increasingly 
being brought to bear on the entire value equation (�promoting value, not 
volume�). For example, Medicare�s Value-based Purchasing program modi�es 
hospital reimbursement based on quality, safety, and patient satisfaction scores.

REVIEW QUESTIONS
1.	 Which one of the following is the current number of randomized clinical 

trials published each year?
	A.	 1000
	B.	 5000
	C.	 13,000
	D.	 21,500
	E.	 31,000

Answer: E  Without discounting the value of experience and mature clinical 
judgment, the modern paradigm for determining optimal practice has changed, 
driven by the explosion in clinical research during the past 30 years; for example, 
the number of randomized clinical trials grew from 350 per year in 1970 to 
more than 31,000 per year in 2015.

2.	 Which one of the following would not be characterized as process measures 
under Donabedian triad?
	A.	 Fraction of patients with myocardial infarction who received �-blockers
	B.	 Fraction of patients with stroke who died within 30 days (risk adjusted)
	C.	 Fraction of hospitalized patients with pneumonia given pneumococcal 

vaccination
	D.	 Fraction of hospitalized patients with heart failure with documented 

predischarge instructions
	E.	 Fraction of diabetic outpatients who received eye examinations

Answer: B  Many of the widely used quality measures are process measures 
for which clinical research has established a link between such processes and 
improved outcomes. An example is the rate at which aspirin or a �-blocker 
is given to survivors of a myocardial infarction before hospital discharge 
(Chapter 64). However, when processes are less relevant and the science of 
case-mix adjustment is suitably advanced (e.g., cardiac bypass surgery; Chapter 
65), outcome measurement (e.g., risk-adjusted mortality rate or 30-day read-
mission rate) is increasingly used. In other areas involving complex processes, 
structural measures are used as proxies for quality; examples here include the 
presence of intensivists to sta� critical care units, a dedicated stroke service, 
and computerized physician order entry (CPOE) systems.

3.	 Which of one the following is a policy lever that has been used to promote 
improved quality and safety?
	A.	 Public reporting of performance
	B.	 Pay for performance
	C.	 No pay for errors
	D.	 Appeal to professionalism
	E.	 All of the above

Answer: E  �e recent recognition of major gaps in quality and of the need 
for systemic change to improve quality has led to a variety of initiatives to 
catalyze quality improvement. Virtually all involve several steps: de�ning rea-
sonable quality measures (evidence-based measures; capturing appropriate 
structures, process, or outcomes), measuring the performance of providers 
or systems, and using these results to promote change. �is �nal imperative 
creates the greatest degree of uncertainty and experimentation.

Although one might hope that simply giving a physician information about 
prior performance would generate meaningful improvement, this strategy 
yields only modest change at best. Increasingly, a more aggressive and trans-
parent strategy, such as disseminating the results of quality measurement to 
key stakeholders, is being adopted. In some cases, simple transparency is the 
main strategy�the rationale being that providers will �nd the exposure of 
their gaps in quality to be su�ciently concerning or embarrassing to motivate 
improvement. Although there is li�le evidence that patients use such data to 
choose among physicians or hospitals, transparency itself has frequently resulted 
in impressive improvements in some publicly reported quality measures.
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ABSTRACT
�e World Health Organization de�nes chronic disease as �health problems 
that require ongoing management over a period of years or decades.� �is 
de�nition encompasses a broad array of physical, mental, and behavioral health 
problems. Regardless of cause or pathophysiology, chronic conditions require 
ongoing a�ention and adjustments by patients and their loved ones as well 
as care by professionals. Individuals with a wide variety of chronic health 
problems have similar needs to minimize morbidity and to optimize quality 
of life. Because these needs are shared across conditions, clinical management 
of these seemingly disparate illnesses requires similar practice capacities and 
functions. �e design and organization of care that leads to be�er outcomes are 
remarkably similar for conditions as clinically di�erent as diabetes, depression, 
and substance abuse disorders. �is chapter describes the goals of chronic care 
management, interventions that improve chronic illness care, and the changes 
practices must undertake to achieve these improvements.

KEYWORDS
chronic disease
chronic illness
self management
disease management
delivery of health care
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and institutions that provide advice and services. It posits that important 
patient outcomes, such as the prevention of morbidity, mortality, and avoid-
able emergency department visits and hospitalizations, can be a�ected by 
productive medical care. Accumulating evidence indicates that implement-
ing the elements of the chronic care model is associated with improvements 
in the care and outcomes of chronic diseases. Productive interactions are 
more likely when patients actively participate in their care. To do so, patients 
bene�t from having the relevant information and skills needed to manage their 
illness as well as ongoing support and encouragement to overcome denial and  
passivity.

�e other partner in productive interactions is the primary care clinician 
and the practice team. Before visits with chronically ill patients, practice teams 
should review accessible information to determine what services are needed, 
have clear assignments or standing orders for the delivery of those services, 
and include sta� trained to perform them. Although all six elements of the 
chronic care model contribute to a delivery system that can e�ectively manage 
chronic illness, changes in two categories�delivery system design and self-
management support�are essential to improve disease control and to reduce 
morbidity and mortality.

Delivery System Design
Team Care
�e goal of delivery system design is to match the organization of care delivery 
to the needs of the chronically ill. Without the help of a team, it is unlikely that 
physicians, in the course of a 15- to 20-minute visit, can e�ectively manage 
intercurrent problems, review and adjust treatment, provide recommended 
assessments and preventive care, discuss self-management goals and plans, 
and plan follow-up. Designing e�ective team care begins with a consideration 
of the various tasks required to meet the needs of the chronically ill and to 
ensure adherence to guidelines. Key tasks are allocated to the most appropriate 
members of the practice team (Table 11-2).1 �e team�s routine involvement 
in patient visits is facilitated by protocols or standing orders that guide inde-
pendent action by nonclinician sta�. Brief meetings, o�en termed huddles, 
before clinic sessions allow practice teams to review key data (o�en from 
registries) of scheduled patients, to identify needed services, and to plan their 
delivery. �e goal is to maximize the productivity of every patient interaction.

�e speci�c practice change associated with the largest improvements in 
chronic disease outcomes is the increased involvement of the nonprovider 
members of practice teams in meeting the patient�s clinical care needs. For 

individual practices are audited, failures to follow evidence-based guidelines 
or losses to follow-up appear almost randomly across di�erent interventions 
and among patients within a practice, suggesting that they are related to �aws 
in care systems rather than to cognitive gaps. What, then, distinguishes prac-
tices that have high rates of control of major chronic conditions from the 
majority with much lower control rates?

Ambulatory care systems have for centuries been organized to react to acute 
problems, not to address the ongoing needs of the chronically ill. �e focus 
on making a diagnosis and initiating treatment for the problem at hand leaves 
li�le time for addressing less urgent needs, such as medication adjustment, 
self-management support, and preventive care. Reimbursement systems that 
favor multiple short encounters aggravate the problem.

Failure to adhere to evidence-based guidelines and insu�cient follow-up 
and a�ention to patient self-management are largely responsible for the poor 
control of chronic illness. �e guidelines for most chronic conditions include 
recommendations to step up or to intensify therapy when clinical targets are 
not reached. Failure to intensify treatment in patients who have not achieved 
therapeutic targets, called clinical inertia, has been found in a large percentage 
of patients with uncontrolled diabetes, hypertension, depression, and other 
chronic illnesses. Clinicians have an understandable reluctance to increase 
drug doses or to add new drugs, but concerns about toxicity or nonadherence 
of the patient can be mitigated if practices have organized approaches to step-
ping up therapy and closely monitoring its impact.

De�ciencies in practice infrastructure and sta�ng and the professional 
environment compound the di�culties of meeting the needs of chronically 
ill patients. Despite electronic medical record systems, many practices still 
have di�culty in managing patient populations or measuring the quality of 
their care. Primary care physicians are increasingly uninvolved or even unaware 
when their patients are hospitalized. E�orts to improve the quality of chronic 
care must focus on improving the infrastructure and practice systems that 
busy clinicians require to meet the needs of their patients.

Interventions That Improve Care and Outcomes of Chronic Diseases
A wide array of systemic changes can improve the care and outcomes of 
major chronic diseases. �ese changes fall into four general categories. Patient-
directed interventions try to enhance the knowledge of patients, increase their 
involvement in care, and alter their behavior. Provider-directed interventions 
give providers feedback about the quality of their care and try to in�uence 
providers� knowledge and behavior through education and reminders. Orga-
nizational changes generally focus on the composition and functioning of the 
care team, the organization of patient encounters (e.g., planned visits), and the 
management of patients outside the o�ce (e.g., follow-up, care management, 
and care coordination). Information technology interventions include the use 
of electronic reminders and other decision support programs for manage-
ment of populations and patients. Growing evidence suggests that the use of 
patient databases (registries) to measure performance, to identify individuals 
needing care, and to plan care of individual patients may be the information 
technology function that contributes the most to improving the care of the  
chronically ill.

Provider-directed interventions, especially educational programs, generally 
demonstrate weak e�ects. Conversely, interventions that promote the patient�s 
self-management and change the composition or functioning of the practice 
team have the most salutary e�ects.

Across conditions, assigning responsibilities for care of patients to the non-
physician members of practice teams consistently leads to signi�cant improve-
ments in evidence-based care processes, disease control, and other outcomes. 
Be�er informed patients have be�er outcomes when they receive care from 
more informed providers who are supported by a well-organized clinical team 
and appropriate information technology.

The Chronic Care Model
Developed in the late 1990s, the chronic care model summarizes the basic 
elements for improving care of chronically ill individuals (E-Fig. 11-1). �is 
model identi�es six features of a health care system that facilitate high-quality 
chronic disease care: self-management support, delivery system design, deci-
sion support, clinical information systems, health care organization, and com-
munity resources. Evidence-based changes in these six areas foster productive 
interactions between informed patients who take an active part in their care 
and practice teams organized to meet their needs.

�e chronic care model presumes that chronically ill patients have a primary 
care clinician, either a generalist or a specialist, who assumes responsibility 
for managing their care and coordinating the activities of other clinicians 

TABLE 11�2	 EXAMPLES OF ROLES AND TASKS IN TEAM�
BASED CARE

ROLE TASKS
Medical Assistant Previsit planning; health coaching; scribing for 

providers; conducting patient outreach; reconciling 
medications; performing injections, tests, and 
procedures within license.

Registered Nurse Complex care management; shared visits with providers; 
preventive care visits; independent visits with 
medications titrated by protocol.

Clinical Pharmacist Advising on medication use and dosing; working with 
patients to solve medication problems and improve 
adherence; assisting with simplifying medication 
regimens for patients on multiple medications 
(polypharmacy).

Lay Person Health coaching; facilitating and participating in quality 
improvement; connecting patients to community 
resources.

Behavioral Health 
Specialist

Co-locating with the team for seamless hando�s; 
providing short-term therapy; facilitating referral for 
patients with longer-term and specialized care needs.

Social Worker Addressing socioeconomic barriers in care; coordinating 
care; providing behavioral health consultation; 
wellness coaching.

Primary Care Provider Leading the team; sharing power, control, and decision 
making for patient care with others on the team; 
supporting team members to work at the top of their 
licenses.

Adapted from Wagner EH, Flinter M, Hsu C, et al. E�ective team-based primary care: observations 
from innovative practices. BMC Fam Pract. 2017;18:13.
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management: what will it take to improve care for chronic illness? E� Clin Pract. 1998;1:2-
4. Chronic Care Model ' American College of Physicians, Annals of Internal Medicine.)
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competent self-managers. In general, these programs share common features 
that include the teaching of critical skills (e.g., self-monitoring, use of medica-
tions), the collaborative development of realistic goals, and action plans for 
meeting these goals. Although self-management courses facilitated by peer or 
professional leaders improve disease control in diabetes, hypertension, chronic 
obstructive pulmonary disease, A3  and other chronic diseases, their e�ects 
diminish a�er termination of the program, so sustained follow-up and rein-
forcement are essential. Long-term self-management support is best accom-
plished by the primary care team in the context of ongoing chronic illness 
care. Although a physician�s advice and encouragement are important, most 
primary care clinicians have neither the time nor the training to help patients 
set behavioral goals, to develop action plans, and then to follow up by telephone 
or secure e-mail. Clinical sta� such as nurses or medical assistants with good 
communication skills and additional training as health coaches can and should 
perform these functions.

Decision Support
E�orts to educate health professionals have a limited impact on clinical per-
formance. Inserting information and alerts directly into the �ow of decision 
making is more helpful, although �alert fatigue� has become a serious problem. 
Even the most carefully developed evidence-based guidelines will have no 
impact on practice if they are not integrated into clinical management through 
templates, alerts, protocols, standing orders, and other e�orts to standardize 
practice.

Many chronically ill patients who are cared for by generalists bene�t from 
the advice and involvement of medical specialists. Truly shared care involving 
interactive communication between primary care clinicians and specialists 
can improve outcomes. Interactive communication channels between general-
ists and specialists (Chapter 402) can be improved by creating systems whereby 
consultants respond to questions by secure messaging within an electronic 
medical record system or through a web-based referral system.

Clinical Information Systems
Well-maintained registries that are either independent or incorporated in an 
electronic medical record enable practices to identify patients who need addi-
tional services, to produce rapid summaries of key clinical data and services 
for future patient encounters, and to measure clinical performance. Registries 
allow practices both to monitor and to manage their chronically ill populations. 
For example, individuals overdue for important preventive interventions or 
who fail to keep appointments can be e�ciently identi�ed and contacted.

Electronic two-way communication between patients and providers is playing 
an increasing role in the management of chronic disease. A4  Telehealth, web 
portals, and mobile device applications enable providers to obtain and to 
respond to clinical data from patients, and they give patients e�cient mecha-
nisms for addressing their questions and concerns.

Community Resources
Programs and organizations in patients� local communities can most e�ectively 
meet many of their needs. Such needs include transportation, homemaker 
services, smoking cessation (Chapter 29), exercise (Chapter 13), weight control 
(Chapter 207), peer support, caregiver support and respite, self-management 
training, and �nancial counseling and assistance. For commonly needed ser-
vices, practices should at least be able to provide speci�c information to advise 
patients on their best options.

	 TRANSFORMING PRACTICE
Measures of disease control and other indicators of the quality of chronic care 
begin to improve only when practices have made system-wide changes in 
most of the elements of the chronic care model, such that the routine care of 
all their chronically ill patients has been a�ected.3

In the United States, for example, increased insurance coverage and access 
for patients with chronic diseases under the A�ordable Care Act has improved 
chronic disease management, but substantial gaps persist, especially in minor-
ity populations and in states that did not expand Medicaid coverage.4 Prac-
tice routines and culture must change in ways that are initially foreign and 
uncomfortable for many practitioners. Team care means more meetings, new 
roles, and additional training for sta�. To have useful registries and to provide 
proactive care, busy practices must de�ne their population of patients and 
learn to manipulate so�ware and data to obtain the information they need. 
Some of the changes may require additional �nancial investment. For all 
these reasons and more, improving chronic care management requires highly 
motivated physicians and practices that actively engage in continuous quality 

example, adding brie�y trained lay �care guides� to primary care teams sig-
ni�cantly increased the likelihood that patients would achieve disease-speci�c 
goals, such as diabetic retinal examinations and e�ective blood pressure control.

Planned Interactions
Much of chronic care management involves predictable preventive care or 
disease management activities, which are o�en postponed when chronically 
ill patients seek care for an acute problem. �e availability of key patient data 
gives practice teams the opportunity to update chronic illness care even during 
visits for more urgent problems. Armed with information from an electronic 
medical record�s reminder systems, nonphysician sta� can provide �u shots, 
diabetic foot examinations, and other evidence-based actions. Practices also 
can initiate planned visits with patients who have failed to reach treatment 
targets or have been lost to follow-up. Another format for the delivery of 
planned care is the group visit, in which patients receive their primary medical 
care together as a group. Group sessions generally include the same check-in 
activities that occur during an individual visit, followed by brief individual 
communications between the primary care provider and each patient, oppor-
tunities for private consultations, and an educational session with ample 
opportunity for peer-to-peer interaction. Approximately 30 to 50% of patients 
who are o�ered group visits a�end them, and many prefer to receive much 
of their care in this se�ing.

Follow-up and Care Management
Follow-up tailored to a patient�s needs and the clinical severity of the disease 
is a critical component of e�ective chronic care management. Traditionally, 
follow-up has consisted of periodic in-person physician visits whose frequency 
is limited by cost and convenience. Ample evidence indicates that follow-up 
by telephone, secure e-mail, or telemedicine can be cost-e�ective and far more 
�exible than total reliance on repeated face-to-face return visits. Nonphysician 
team members, guided by protocols with clear referral criteria, can e�ectively 
manage much of this follow-up. Self-monitoring by patients is an important 
component of the follow-up plans for many chronic illnesses and is especially 
useful when patients use the results to adjust their therapy as well as to inform 
their practice team. Collecting self-monitoring data for the sole purpose of 
bringing them to the physician�s o�ce appears to be far less e�ective.

Chronically ill individuals at high risk of hospitalization, nursing home 
placement, major complications, or death o�en experience periods when more 
intensive monitoring and management would be helpful. Less severely ill 
patients also need closer follow-up during exacerbations or intercurrent ill-
nesses, a�er hospital discharge, or when medications are being titrated or 
changed. Severely ill patients commonly have multiple chronic conditions, 
which o�en are complicated further by depression and other psychosocial 
problems. In response to these needs, care management programs that regularly 
communicate with patients electronically or in person have proliferated. �ese 
programs assess a patient�s status, review and support self-management goals 
and action plans, help coordinate care among providers and care se�ings, and 
may help manage medications. Care management is more likely to be e�ective 
if the care manager collaborates closely with the primary care clinician, has 
speci�c management goals (e.g., improve disease control or improve function), 
in�uences the medication regimen directly or indirectly, and reviews his or 
her caseload regularly with clinician experts.2 Current care management pro-
grams appear to be most e�ective when targeting a single or limited number 
of health conditions with speci�c tasks and targets for improvement. Programs 
targeting the management of broader multimorbidity among patients at risk 
for hospitalization have shown improvements in self-reported health status 
and patient satisfaction but have not so far reduced cost, mortality, or utiliza-
tion of primary or specialty care. A2 

Self-Management Support
Didactic education of the patient alone has been demonstrated to have li�le 
if any impact on the patient�s behavior or disease control. To change their 
lifestyle, to take medications as directed, to deal with symptoms and stress, 
and to address the other challenges of living with chronic illness, patients 
need to participate actively in their care, to understand and collaborate with 
clinicians on assessment of the problems and recommendations, and to learn 
the skills needed to carry out the recommendations. More active patients are 
more likely to engage in relevant self-management behaviors and to use health 
care more e�ectively, so patients should be empowered to take an active role 
in their health care.

Group and individual interventions can help patients understand their illness 
and its treatment and give them the skills and con�dence needed to be 
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3.	 Care management is a commonly used strategy to help care for patients 
living with chronic diseases. Which of the following is NOT true about 
care management?
	A.	 Care management for patients with multiple chronic diseases can be 

challenging due to the competing demands of di�erent chronic 
diseases.

	B.	 Care management performed by nurses outside of the primary care 
team is more e�ective than care management delivered within a primary 
care team.

	C.	 Self-monitoring of chronic diseases coupled with care management 
between o�ce visits can improve outcomes in chronic diseases.

	D.	 Care management targeting multimorbidity in patients at risk for hos-
pitalization has not reduced health care costs.

Answer: B  Care management is more likely to be e�ective if the care manager 
collaborates closely with the primary care clinician (see Follow-up and Care 
Management from Chapter 11). Competing demands for self-management 
in patients with multiple chronic conditions can be challenging for care man-
agers who are o�en focused on a single or small set of chronic diseases. Self-
monitoring combined with a nurse care management between o�ce visits 
can be more e�ective than only sharing self-monitoring results during o�ce 
visits. Care management appears to be most e�ective when focused on a single 
or small set of chronic diseases with guideline-driven care. Care management 
programs targeting multimorbidity for patients at risk of hospitalization have 
shown improvements in self-reported health status but have not shown a 
reduction in health care utilization, costs, or mortality.

4.	 Which of the following is most true regarding self-management training 
of patients with chronic diseases?
	A.	 Self-management training by peers with chronic illness is not 

e�ective.
	B.	 Some patient groups do not bene�t from self-management training.
	C.	 Patients with hypertension or type 2 diabetes who have gone through 

self-management training generally experience signi�cant improvements 
in blood pressure or hemoglobin A1c.

	D.	 Self-management training in group se�ings is not e�ective.
Answer: C  Self-management training of patients with hypertension or type 
2 diabetes generally improves blood pressure or hemoglobin A1c without sig-
ni�cant changes in medication therapy (see sections on �e Goals of Chronic 
Care Management and Self-Management Support from Chapter 11). Peer-led 
self-management training programs are e�ective. Self-management training 
is e�ective across a broad range of patient populations and chronic diseases. 
Both group and individual self-management training can be e�ective.

REVIEW QUESTIONS
1.	 Which of the following statements about a practice�s chronic disease per-

formance measures (e.g., percentage of hypertensive patients 18 to 59 years 
of age whose blood pressure was �140/90 mm Hg) is NOT true?
	A.	 �ey tend to be be�er in practices where sta� other than physicians 

are involved in chronic disease care.
	B.	 �ey are strongly in�uenced by the pregraduate and postgraduate clini-

cal training of the provider.
	C.	 �ey tend to improve when practices put systems in place to ensure 

that poorly controlled patients are closely followed and therapy changed 
if no improvement.

	D.	 �ey generally re�ect the extent to which a practice has put in place 
standardized approaches to ensure that chronically ill patients consis-
tently receive evidence-based pharmacologic and self-management 
supportive therapy.

	E.	 All of the above.
Answer: B  Most studies of various interventions that improve the control of 
diabetes, hypertension, and other chronic diseases indicate that it is the systems 
of care, not the expertise or training of the physician, that has the major impact 
on a practice�s ability to keep patients under control (see section on Trans-
forming Practice from Chapter 11).

2.	 Which of the following elements are important for programs aimed at 
improving chronic illness care?
	A.	 Self-management support
	B.	 Delivery system design
	C.	 Community resources
	D.	 Clinical information systems
	E.	 All of the above

Answer: E  �e chronic care model identi�es six evidence-based elements 
essential for improving chronic illness care (see the Chronic Care Model from 
Chapter 11). �ese include (1) training patients in self-management support 
to prepare and empower patients to manage their health and health care, (2) 
designing delivery systems to ensure proactive, evidence-based, and planned 
follow-up of patients with chronic illness, (3) mobilizing and tailoring com-
munity resources to meet the needs of patients, and (4) using clinical information 
systems to organize patient and population data to facilitate e�cient and e�ec-
tive care. �e two elements of the chronic care model not included in the 
responses above are (5) using decision support to promote care that is consistent 
with both scienti�c evidence and patient preference and (6) creating a culture, 
organization, and mechanism within health care systems to promote safe, high-
quality care. �e most e�ective chronic care interventions use all six of these 
elements together.
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ABSTRACT
Primary and secondary prevention is an essential part of primary care and 
the patient-centered medical home, but the appropriate services and their 
frequency vary with the age, gender, and the risk factors of each individual 
patient. A periodic health examination should focus on: screening tests with 
strong evidence of e�ectiveness; lifestyle counseling directed toward healthy 
diet, physical activity, and avoiding tobacco use and risky use of alcohol and 
other drugs; and discussion of possible preventive medications such as aspirin 
and statins. �e most comprehensive prevention recommendations are pro-
duced by the U.S. Preventive Services Task Force (USPSTF), an ongoing 
panel of experts whose recommendations are used by major primary care 
subspecialty groups. �e USPSTF bases its recommendations on two factors: 
an estimate of the net bene�ts (bene�ts minus harms) of a service and an 
assessment of the certainty of that estimate, based on the quality of supporting 
scienti�c evidence. Grade A recommendations require high certainty of a 
substantial net bene�t, most o�en from large, prospective, controlled studies 
that measure morbidity or mortality. Grade B recommendations have high 
certainty of moderate net bene�t or have moderate certainty for substantial 
bene�t. USPSTF recommendations are more conservative than those of some 
organizations that may give more weight to earlier detection of disease. Clini-
cians can draw several general conclusions from an evidence-based approach 
to prevention: be selective in the use of screening tests, especially in older 
patients, and involve patients in decisions about speci�c services for which a 
small chance of bene�t must be balanced against possible harm. 
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ABSTRACT
Regular physical activity has numerous and substantial health bene�ts�both 
preventive and therapeutic. Major preventive health bene�ts include reduced 
risk of all-cause mortality, coronary heart disease, hypertension, stroke, colon 
cancer, breast cancer, type 2 diabetes, and fall-related fractures. �e marginal 
bene�t of even low physical activity is large, and the marginal bene�t actually 
decreases with greater amounts of activity. �e two most importance types 
of health-enhancing physical activity are moderate- to vigorous-intensity aerobic 
activity, which has a curvilinear dose-response relationship between both 
health outcomes, and moderate- to vigorous-intensity muscle strengthening 
activity. Public health guidelines recommend the equivalent of at least 150 
minutes of moderate-intensity aerobic activity each week, as well as muscle-
strengthening activities on at least two days each week. Unfortunately, only 
about 20% of American adults current meet both guidelines. Although physical 
activity involves risks of adverse events, primarily musculoskeletal injuries, 
the risk is low, especially if activity increases gradually over time. Health care 
providers can play an important role in promoting appropriate physical activity 
in their patients.
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TABLE 13�1	 CRITERIA FOR ASSESSING RELATIVE AND ABSOLUTE INTENSITY OF AEROBIC ACTIVITY
RELATIVE INTENSITY ABSOLUTE INTENSITY

Intensity Percent of heart rate reserve 
or oxygen uptake reserve

Rating of Perceived Exertion Talk Test MET level

Sedentary behavior �20* �9 Can sing 1.0-�1.5 
Light 20-39* 9-11 Can sing �1.5-�3.0
Moderate 40-�60 12-13 Can talk without pausing for breath, but 

cannot sing
3.0-�6.0

Vigorous �60 14-17 Cannot talk without pausing for breath �6.0
*Information in Table adapted from multiple sources, including guidelines by the American College of Sports Medicine (ACSM) (ACSM�s Guidelines for Exercise Testing and Prescription. Ninth Edition. 
Lippinco� Williams & Wilkins: 2013). Note ACSM classi�es �90%-100% of heart rate reserve and rating of perceived exertion levels of 18-20 as �near maximal to maximal.�
MET � metabolic equivalents (see text for details)

TABLE 13�2	 KEY PHYSICAL ACTIVITY GUIDELINES  
FOR ADULTS

All adults should avoid inactivity. Some physical activity is be�er than none, and 
adults who participate in any amount of physical activity gain some health 
bene�ts.

For substantial health bene�ts, adults should do at least 150 min (2.5 hr)/wk of 
moderate-intensity aerobic activity or 75 min (1.25 hr)/wk of vigorous-intensity 
aerobic activity, or an equivalent combination of moderate- and vigorous-intensity 
aerobic activity. However, recent evidence shows that bouts of exercise lasting less 
than 10 minutes also have health bene�ts.

For additional and more extensive health bene�ts, adults should increase their 
aerobic physical activity to 300 min (5 hr)/wk of moderate-intensity or  
150 min (2.5 hr)/wk of vigorous-intensity aerobic physical activity, or an 
equivalent combination of moderate- and vigorous-intensity activity.  
Additional health bene�ts are gained by engaging in physical activity beyond  
this amount.

Adults should also do muscle-strengthening activities that are moderate or high 
intensity and involve all major muscle groups on 2 or more days/wk, as these 
activities provide additional health bene�ts.

Adapted from U.S. Department of Health and Human Services. 2008 Physical Activity Guidelines 
for Americans. h�ps://health.gov/paguidelines/pdf/paguide.pdf. Washington, DC: U.S. Accessed 
May 10, 2019.

and type 2 diabetes.3 Randomized trials show that multicomponent exercise 
programs, most commonly focused on balance training and muscle-strengthening 
activity, reduce the risk of falls and fall-related fractures by as much as  
40%, A1  and balance training likely improves physical function in older adults. A2  
A large randomized trial reported exercise in older adults reduced the risk of 
persistent, major mobility disability by 28%. A3  Health-enhancing aerobic and 
muscle-strengthening activities also reduce the risk for cognitive impairment 
in older adults and improve cognition in adults over age 50 years, A4  but exercise 
does not slow cognitive decline in patients with mild to moderate dementia 
(Chapter 374). A5  Some evidence also suggests that physical activity reduces 
the risk for anxiety disorders, osteoarthritis, sleep disorders, and back pain, 
as well as many types of cancer.4

By some estimates, 10% or more of aggregate U.S. health care expenditures 
are related to inadequate physical activity. �e bene�ts of physical activity are 
independent of other risk factors. For example, a sedentary obese smoker 
achieves health bene�ts from exercise, even if he or she continues to smoke 
and remains obese. When a healthy diet, regular activity, and abstinence from 
smoking occur together, the lifestyle e�ects are dramatic.

Mechanisms of E�ect and Dose-Response
�e health bene�ts of physical activity are due to multiple, incompletely 
understood physiologic e�ects. For example, physical activity reduces blood 
pressure in people with hypertension. A6  Possible mechanisms include reducing 
sympathetic activity and increasing vagal tone, reducing norepinephrine levels, 
releasing vasodilators such as endorphins, reducing insulin resistance, reducing 
plasma renin levels, and preventing overweight and obesity. In adults with 
type 2 diabetes, the e�ects of physical activity on skeletal muscle include 
changes in contractile proteins isoforms, mitochondrial volume and functional 

capacity, metabolic regulation, intracellular signaling, and neuromuscular 
function.5

�e dominant determinant of the health bene�ts of physical activity is 
likely the total weekly volume (amount) of moderate-to-vigorous physical 
activity, rather than its intensity or frequency. Substantial health bene�ts begin 
to accrue with a volume of 500 to 1000 MET-minutes/week. An adult can 
accumulate 500 MET-minutes by walking at 3.0 miles per hour (a 3.3-MET 
activity) on 3 days a week for 50 minutes (3.3 METs � 3 � 50 minutes � �500 
MET-minutes). When measured by caloric expenditure, this volume of walking 
in a 75-kg (165-lb) adult expends an extra 430 kcal in addition to the 190 kcal 
that would have been expended at rest.

�e dose-response relationship between moderate-to-vigorous physical 
activity volume and health bene�ts is curvilinear. �e marginal bene�t of 
activity at even low amounts is large, and the bene�t decreases with greater 
amounts of activity with mortality risks falling by 20% with minimal activity, 
by 30% in people who meet the minimum recommendation of 7.5 MET hours 
of activity per week, and by about 40% in people who perform more than 
twice that amount.

�e dose of moderate-to-vigorous physical activity re�ects both energy 
expenditure (amount) and intensity. �us, some health bene�ts should occur 
at low energy expenditure (i.e., low doses of moderate-to-vigorous physical 
activity) and at low intensity (i.e., light intensity). For example, 15 minutes 
per day (90 minutes per week) of moderate-intensive activity is associated 
with about a 15% decrease in mortality. Even at lower levels of moderate-
to-vigorous physical activity, more energy expenditure from light-intensity 
activity, as indicated by less si�ing time, is associated with lower mortality.6 
However, it appears that high levels of moderate-to-vigorous physical activity 
(e.g., about 60 to 75 minutes per day) may be su�cient to eliminate adverse 
e�ects of si�ing. Muscle-strengthening activity also appears to be associ-
ated with lower risk of all-cause mortality, independent of the amount of 
aerobic activity.7 Data also show that a combination of strength training and 
aerobic training produce greater health bene�t than either alone to promote 
physical function in older adults, to lower hemoglobin A1C levels in people 
with diabetes (Fig. 13-1), and to improve insulin sensitivity in adults with the  
metabolic syndrome.

Therapeutic Health Bene�ts in Adults
Clinical practice guidelines assign a substantial therapeutic role to physical 

activity in patients with coronary heart disease, high blood pressure (Chapter 
70), type 2 diabetes (Chapter 216), obesity (Chapter 207), osteoporosis (Chapter 
230), osteoarthritis (Chapter 246), claudication (Chapter 71), and chronic obstruc-
tive pulmonary disease (Chapter 82). Physical activity also plays a role in the 
management of depression and anxiety disorders (Chapter 369), elevated 
cholesterol levels (Chapter 195), pain (Chapter 27), heart failure (Chapter 53), 
syncope (Chapter 57), stroke (Chapter 378), back pain (Chapter 372), dementia 
(Chapter 374), and constipation (Chapter 128), as well as in the prophylaxis of 
venous thromboembolism (Chapter 74). Although there is more evidence for 
the therapeutic e�ects of aerobic exercise, muscle strengthening exercise also 
can have therapeutic e�ects, which can be additive or synergistic to those of 
aerobic exercise alone.

TREATMENT 
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Health Risks of Physical Activity
Physical activity and exercise have some risks. Musculoskeletal injuries are 

by far the most common type of activity-related adverse event. The risk of 
injury depends on the type and volume of activity. The weekly volume of activ-
ity is directly related to the risk of musculoskeletal injuries, but when following 
public health guidelines of about 500 to 1000 MET-minutes/week, the risk of 
injury is low. The risk of injury is directly related to the rate of increase in the 
dose of activity, with more rapid increases having higher risk. Previous musculo-
skeletal injuries, excess weight, and low physical �tness also increase the risk 
of injury.

Relatively vigorous physical activity acutely increases the risk for sudden 
cardiac death (Chapter 57) and acute myocardial infarction (Chapter 64). 
However, the risk of sudden death and nonfatal events during and imme-
diately after physical activity is extremely low�well below 1 event per 
1,000,000 person-hours of activity.8 Importantly, physically active adults are 
protected from fatal and nonfatal cardiac events, with about a 70% lower risk 
of sudden death. This protection occurs because the time spent in vigorous 
activity per day is relatively small, and the higher risk of vigorous activity is 
far outweighed by the lower risk of cardiac events during the remainder of  
the day.

Recommended Amounts of Aerobic Activity for Prevention
To obtain substantial health bene�ts from physical activity, adults should 

do at least 150 minutes/week of moderate-intensity aerobic activity or 75 
minutes/week of vigorous-intensity activity. Adults can do a combination of 
both moderate- and vigorous-intensity activity, using the rule of thumb that 
one vigorous-intensity minute of activity counts the same as two moderate-
intensity minutes.9 Although previous recommendations were for bouts of 
aerobic activity of at least 10 minutes, bouts less than 10 minutes also appear 
to provide health bene�ts.

Recommended Amounts of Muscle-Strengthening Activity for 
Prevention

Adults should perform activities that strengthen the major muscle groups 
of the body at least 2 days each week. The major muscle groups are the legs, 
hips, back, chest, abdomen, shoulders, and arms.

Flexibility Activity
Flexibility activities are an acceptable part of a physical activity regimen, 

but there is insu�cient evidence that �exibility activities have any health 
bene�ts, even for preventing injuries. However, �exibility training may 
facilitate the types of physical activity that do have health bene�ts. If so, 
�exibility training may be more important for people with reduced �ex-
ibility, such as older adults with age- and disease-related changes in range  
of motion.

Balance Activity
Balance training is recommended for adults at increased risk for falls, such 

as those older than 65 years with impaired gait or balance or frequent falls. 
Examples of balance exercises include sideways walking, backward walking, 
heel walking, and standing using a narrow base of support. Tai chi is an evidence-
based approach for falls prevention. Preferably, adults at risk for falls should 
do balance training at least 3 days/week in the context of an evidence-based, 
fall prevention program.

Sedentary Behavior
Increasing light-intensity activities by decreasing sedentary behavior is 

helpful for achieving and maintaining a healthy weight and reducing adverse 
health events. For example, more sedentary time is associated with higher 
risk of all-cause mortality, cardiovascular disease, some cancers, and type 2  
diabetes.10

Guidelines for Weight Management
The amount of activity required to maintain a healthy body weight varies 

widely among adults. For some adults, the levels of physical activity recom-
mended in the guidelines will result in a stable, healthy body weight. Many 
adults, however, need greater amounts of activity to achieve a healthy weight. 
These individuals should restrict their caloric intake and gradually increase 
their weekly physical activity to the point that is e�ective in achieving and 
maintaining a healthy body weight for them.

Additional Guidelines for Older Adults
In addition to balance training, the 2018 guidelines contain other recom-

mendations speci�cally for older adults. Older adults who cannot do 150 
minutes/week of moderate-intensity activity should be as active as their 
abilities and conditions allow. Older adults should determine their level of 
physical activity using relative intensity, not absolute intensity. This latter guide-
line seeks to avoid inappropriately high levels of e�ort in older adults with  
low �tness.

Recommending Physical Activity in Clinical Settings
Promoting physical activity in clinical settings involves essentially the same 

steps as the �5 A�s� of smoking cessation (Chapter 29): ask, advise, assess, assist, 
arrange. Consistent with this approach, physicians should be knowledgeable 
in four domains: how to assess physical activity; how to make safe recommen-
dations/prescriptions for physical activity in both healthy people and people 
with chronic conditions; how to use e�ective behavioral interventions, and 
how to engage in their own active lifestyle for professional balance and as role 
models for patients.11

Health care providers should ask and advise patients about physical activity 
regularly. One quality-of-care measure assesses whether asking and advising 
are done at least once a year in older adults. Some recommend that physical 
activity should be a �vital sign� that is assessed at every visit. Studies consis-
tently report that adults (especially older adults) identify their health care 
providers as an important source of advice on physical activity. Behavioral 
counseling is recommended for adults even if they have no cardiovascular 
risk factors.12 Intensive behavioral counseling is recommended for adults who 
are overweight or obese and have additional risk factors for cardiovascular 
disease, and such counseling should be a component of community pro-
grams that promote physical activity in people at increased risk for type 2  
diabetes.

Exercise Prescription
For patients who want to exercise, a clinician can provide an exercise prescrip-

tion or refer the patient to a community provider.13 Evidence-based guidelines 
for exercise prescription are available from the American College of Sports  
Medicine.

FIGURE 13�1.  Changes in hemoglobin A1C levels in a 9-month randomized trial comparing three exercise interventions to a control in adults with type 2 diabetes (total N � 262). 
The largest improvement in A1C occurred with combined aerobic exercise and resistance training (muscle-strengthening activity). (Data from Church TS, Blair SN, Cocreham S,  
et al. E�ects of aerobic and resistance training on hemoglobin A1c levels in patients with type 2 diabetes: a randomized controlled trial. JAMA. 2010;304:2253-2262.)
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Lifestyle Prescription
A lifestyle prescription refers to approaches that integrate physical activ-

ity into daily life. For example, rather than walking speci�cally for exercise, a 
person walks to work or walks for pleasure as a recreational activity. Common 
ways to integrate physical activity into daily life are walking and biking for 
transportation and performing yard work and gardening. Use of wearable 
devices such as pedometers to track physical activity can increase steps per 
day by about 2000 above baseline A7  as well as increase adherence to lifestyle  
prescriptions.

Tailoring the Recommendation
Recommendations should be tailored to individual abilities, individual 

preferences, medical conditions, and behavior techniques that improve 
adherence. Interventions are more likely to be successful if they include 
mutual goal setting, regular feedback, graded tasks, and use of equipment, 
such as a step monitor. A8  Most people prefer home-based programs, which 
can provide health bene�ts that are similar to those of programs conducted  
elsewhere. A9 

A target level of physical activity below that of preventive recommenda-
tions is appropriate for adults with very low physical �tness, a large burden 
of chronic disease (e.g., severe chronic obstructive lung disease), or major 
functional limitations. An assessment of the nature of the activity limitation 
and the individual�s capabilities and preferences can determine the target 
activity level and other details of the activity recommendation. Often, pro-
moting physical activity in such adults relies on health care and community 
resources designed for people with preexisting limitations, such as cardiac 
rehabilitation, pulmonary rehabilitation, and exercise classes for adults  
with arthritis.

Risk Management
Strategies to reduce injury during physical activity include increasing physical 
activity gradually over time, selecting activities in which collision or contact 
with people or objects is unusual, increasing physical �tness, using appropriate 
gear and sports equipment (e.g., bike helmets), engaging in activities in safe 
environments, and following basic safety rules and policies. Popular activities 
such as walking, biking, swimming, and gardening have a low risk of injury. 
When individuals are increasing their level of physical activity, they should 
start with relatively moderate-intensity activity, then increase the duration 
and frequency �rst and the intensity last. In general, adding 5 to 15 minutes 
of moderate-intensity activity per session, two to three times a week, to a 
person�s usual activities carries a low risk of musculoskeletal injury and no 
known risk of sudden cardiac death.

�ere is no evidence of the protective value of a medical consultation or 
of supervised exercise in healthy people of any age who seek to increase their 
level of physical activity, and the U.S. Preventive Services Task Force recom-
mends against routine screening for coronary disease in adults at low risk. 
Even in adults who are at high risk for coronary disease, there is insu�cient 
evidence to recommend for or against screening with resting electrocardiog-
raphy, exercise treadmill testing, electron-beam computed tomography, or 
C-reactive protein levels.

Coordination between Medical Care and Community
Many factors a�ecting physical activity levels in Americans are di�cult to 
in�uence in medical care se�ings, such as the characteristics of the commu-
nal environment (e.g., parks and recreational facilities) and the social envi-
ronment (e.g., crime and social support). Community-level interventions 
that address such characteristics are essential to promoting physical activity. 
E�ective community-based interventions include school physical education, 
social support interventions, community-wide campaigns, and enhancement 
of access to places where physical activity is possible. A recent U.S. Surgeon 
General�s �Call to Action� emphasizes the importance of promoting both 
walking and walkable communities. Medical care and community e�orts 
should be synergistic and mutually supportive. For example, health plans 
should advocate for evidence-based community interventions. Community 
programs should serve as resources for evidence-based therapeutic activity for 
selected chronically ill adults, such as exercise classes designed to reduce the  
risk of falls.
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3.	 Which one of the following is recommended for the promotion of physical 
activity in clinical se�ings?
	A.	 Advising patients that muscle-strengthening activities are relatively 

unimportant compared with regular aerobic exercise
	B.	 Recommending people start with moderate-intensity activities such as 

walking, but advising virtually all patients gradually to shi� to doing 
mainly vigorous-intensity activity.

	C.	 Paying li�le a�ention to community resources such as access to parks, 
gyms, and multiuse trials, because there is li�le scienti�c evidence that 
these resources in�uence physical activity

	D.	 Advising virtually all patients to engage in regular physical activity, with 
the speci�c activity recommendation based upon integrating public 
health guidelines for prevention with any applicable therapeutic 
guidelines

	E.	 Emphasizing exercise prescription and exercise classes, because most 
people prefer these activities over lifestyle activities such as walking for 
transportation and gardening

Answer: D  �e physician should advise patients regarding the types and 
amounts of activity appropriate for them, while speci�cally taking into account 
the presence of chronic diseases and any limitations in activity when making 
the recommendation. However, guidelines do not require vigorous activity, 
and it is not recommended for all adults. Strength training produces incre-
mental health bene�t when added to aerobic training. Most people do not 
prefer exercise classes over home-based exercise, and recommendations gener-
ally should be tailored to a patient�s preferences. �ere is strong evidence that 
access to community resources positively a�ects physical activity levels.

4.	 Which one of the following statements is true about the use of physical 
activity to reduce risk of falls and fall injuries?
	A.	 It is recommended that all adults and older adults participate in balance 

training to prevent falls and fall injuries.
	B.	 �e fact that falls are more likely during activities such as walking explains 

why exercise programs in older adults do not reduce the risk of falls.
	C.	 Balance training commonly causes falls and thus should be done only 

under supervision by a trained health care provider (e.g., a physical 
therapist).

	D.	 Fall prevention exercise programs prevent falls, but unfortunately they 
mainly prevent noninjurious falls.

	E.	 Exercise programs to prevent falls and fall-related injuries emphasize 
muscle-strengthening activity and balance training.

Answer: E  Muscle strengthening and balance are the main focus of fall pre-
vention programs. Guidelines recommend balance training only for older 
adults and only for those at risk of falls.

REVIEW QUESTIONS
1.	 In asymptomatic healthy adults, an evidence-based approach to reducing 

risk of activity-related injuries includes:
	A.	 Gradually increasing physical activity level over time.
	B.	 Prescribing �exibility exercises.
	C.	 Screening for coronary artery disease using either an exercise test or 

electron-beam computed tomography.
	D.	 Starting with supervised exercise in those seeking to increase their 

amount of physical activity.
Answer: A  Gradually increasing physical activity over time is a key guideline 
for preventing injuries. �ere is no evidence that �exibility exercises have 
health bene�ts or that they prevent injuries. �e U.S. Preventive Services Task 
Force does not recommend routine screening for coronary artery disease using 
exercise treadmill or using electron-beam computed tomography. �ere is no 
evidence that supervised exercise reduces the risk of injury in healthy adults.

2.	 Which one of the following statements about the bene�ts and risks of 
physical activity is true?
	A.	 �e overall risk of sudden death is higher in people who exercise 

regularly.
	B.	 Obese adults do not obtain bene�ts from physical activity unless they 

lose weight.
	C.	 �e total volume of physical activity is the main determinant of health 

bene�ts.
	D.	 �e bene�ts of being active at less than recommended levels are so 

small that it is of li�le value to recommend and promote physical activity 
in people who are not capable of meeting guidelines.

	E.	 �e bene�ts of increasing moderate-to-vigorous aerobic activity do not 
depend upon current level of activity. A person who increases physical 
activity 0 to 30 minutes a day obtains the same health bene�ts as a 
person who increases activity from 120 minutes a day to 150 minutes 
per day.

Answer: C  �e overall risk of sudden death is lower in people who exercise. 
�e health bene�ts of physical activity are independent of other risk factors, 
and obese adults obtain bene�ts from physical activity even if obesity persists. 
Consistent with the dose-response e�ect of exercise, less than the recom-
mended amounts of activity provide meaningful bene�ts. �e bene�t of exercise 
is a curvilinear dose-response relationship, such that the marginal health bene�ts 
of increasing activity are less at high levels of physical activity.
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ABSTRACT
Adolescence, a period of transition between childhood and adulthood, is 
marked by critical biologic, psychological, social, and cognitive changes. During 
this developmental period, behaviors and lifestyle choices can in�uence current 
and future health, and medical and psychological problems can emerge. Adult-
oriented health care providers play a pivotal role in engaging youth in their 
health and in delivering health care to adolescents.
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reason for the visit from the perspective of the adolescent and his or her 
parents or guardians and to communicate that input from both the adolescent 
and the parents or guardians is highly valued. �is approach also provides an 
opportunity for the clinician to observe the interaction between the adolescent 
and parents or guardians. �e �nal approach to the interview is to greet the 
adolescent and family and request a meeting with the parents or guardians 
alone. �is approach allows the parents or guardians to discuss concerns about 
the adolescent that they may not feel comfortable raising in the presence of 
the adolescent. Having this information may improve the focus of the visit. 
In this approach, the encounter with the parents or guardians is then followed 
by the clinician�s meeting with the adolescent alone. With this interview struc-
ture, it is important that the adolescent be present from the time he or she 
meets with the clinician until the end of the visit, so that the adolescent does 
not perceive a breach of con�dentiality.

 Con�dentiality
Issues of consent and con�dentiality are central in the physician-adolescent 
interaction. When con�dentiality is guaranteed, adolescents are more likely 
to seek necessary medical care, to disclose sensitive information, and to trust 
their clinician. Under these circumstances, most adolescents will involve their 
parents in their care at some point. Parents appreciate education about the 
concept of con�dentiality and recognize the importance of allowing the ado-
lescent the opportunity to speak alone with the clinician. Con�dentiality is 
also important for clinicians to make an accurate diagnosis and to provide 
treatment.

Con�dentiality and de�ning the limits of con�dentiality should be dis-
cussed with the adolescent and his or her parents or guardians at the beginning 
of the interview. �e adolescent and family need to know that the clinician 
will intervene if he or she believes that the adolescent�s actions may cause 
him or her, or another person, signi�cant harm or that the adolescent is at 
imminent danger. Examples of situations in which the clinician would not 
maintain con�dentiality when dealing with young people include disclosure 
of current suicidal or homicidal intent. �e legal de�nition of con�dentiality 
varies, depending on geographic location, and clinicians should be familiar 
with local laws.

Another goal of the interview is to build rapport with the adolescent and 
his or her parents or guardians. Clinicians can establish rapport at the start 
of the interview by creating an environment that is nonjudgmental, unintimi-
dating, and supportive. It is helpful to encourage the adolescent to talk about 
himself or herself�friends, hobbies, school. �e clinician should listen care-
fully to the adolescent�s statements and feelings. Sensitivity to and understand-
ing of the adolescent�s developmental stage and cultural background are 
important in interviewing and interpreting answers accurately. �e clinician 
should be respectful of the adolescent�s growing need to be independent and 
desire to be treated as an individual person. Taking the time to build rapport 
is key to engaging the adolescent in a discussion of his or her personal health 
concerns with the clinician.

 Preventive Health Care
Preventive health care for adolescents (Chapters 12 and 15) should promote 
physical and mental health and healthy physical, psychological, and social 
growth and development. Positive behaviors such as exercise (Chapter 13) 
and nutritious eating (Chapter 202) should be encouraged, and health risk 
behaviors such as unsafe driving, high-risk sexual behaviors, and use of tobacco 
(Chapter 29), drugs, and alcohol (Chapter 30) should be discouraged. Because 
lifelong health habits are established during adolescence, it is an important 
time to invest in health promotion and preventive services.

�e U.S. Preventive Services Task Force4 recommends screening and coun-
seling of all adolescents about depression and obesity and ensuring that all 
adolescents are up-to-date on their immunizations for tetanus, diphtheria, 
pertussis, varicella, measles, mumps, rubella, hepatitis A and B, meningococcus 
(A, C, Y, W-135), in�uenza, polio, and human papillomavirus (HPV; Chapter 
15). In addition, at-risk adolescents should be counseled about sexually trans-
mi�ed infections (e.g., HIV, chlamydia, gonorrhea, and syphilis) and advised 
about immunizations for pneumococcus and meningococcal serotype B.

 Components of the Adolescent Care Health Visit
History
Open-ended, nonjudgmental, developmentally appropriate, and gender-neutral 
questions help put the adolescent at ease and produce informative answers 
(Chapter 12). In addition to a standard medical history, the assessment should 
include a psychosocial history from the adolescent, either through a screening 

In both age groups, Native Americans have the highest rates, followed by 
white youth; African American and Asian youth have substantially lower rates. 
�e rate of a�empted suicide is almost �ve times greater among gay, lesbian, 
and transgender (sexual minority) students (29%) compared with heterosexual 
students (6.4%). �e estimated ratio of a�empted-to-completed suicides among 
adolescents ranges between 50:1 and 100:1. �e most common methods used 
in suicide a�empts are drugs and alcohol, whereas su�ocation, hanging, or 
use of �rearms is associated with completed suicides. Suicide death rates caused 
by �rearms are almost seven times higher in 15- to 19-year-old boys than in 
comparably aged girls.

Homicide is the third leading cause of death among 15- to 19-year-olds 
and the fourth leading cause among younger adolescents. Among African 
American males, however, it is the leading cause of death among 15- to 19-year-
olds (95% involving �rearms) and the second leading cause among those ages 
10-14 (80% �rearm-related).

Approximately 1 in 10 ninth through twel�h graders who dated or �went 
out with someone� report being the victim of physical or sexual dating violence 
in the prior 12 months. For both physical and dating violence, the prevalence 
is higher among females than males (12 versus 7% and 16 versus 5%, respec-
tively). Among ninth through twel�h graders, almost 16% report being elec-
tronically bullied and over 20% report being bullied on school property. Being 
the victim of bullying is associated with a wide variety of mental health prob-
lems. When adolescent bullies become adults, they are more likely than their 
peers to become violent or abusive towards partners, spouses, and children.

 Other Diseases
Excluding intentional and unintentional injuries, cancer is the leading cause 
of death in adolescents. Cancers of major importance in adolescents include 
Hodgkin lymphoma (Chapter 177), germ cell tumors (Chapter 190), central 
nervous system tumors (Chapter 180), non-Hodgkin lymphoma (Chapter 
176), thyroid cancer (Chapter 213), malignant melanoma (Chapter 193), 
and acute lymphoblastic leukemia (Chapter 173).

  APPROACH TO THE ADOLESCENT PATIENT
When interviewing adolescent patients, the clinician should consider their 
physical, cognitive, and psychosocial developmental stage; their growing 
autonomy and increasing role in taking responsibility for managing their own 
health and well-being; and their individual progression from childhood to 
adulthood. Chronologic age is not a guarantee that all adolescents will be at 
the same stage of development. �e clinician should o�er adolescent health 
care in a sensitive, �exible, and developmentally and culturally appropriate  
manner.

�e clinician can meet with the adolescent alone at �rst to give the adoles-
cent the message that she or he is the patient and the clinician is most eager 
to hear what the adolescent has to say. �is is also an opportunity to assess 
the adolescent�s capacity for autonomous decision making. Conversely, the 
clinician can meet with the adolescent and her or his parents or guardians 
together for the initial part of the interview and then meet with the adolescent 
alone; this approach permits the clinician to develop an understanding of the 

Pubertal weight gain accounts for about half of a person�s ideal adult body 
weight. Peak weight gain follows the linear growth spurt by 3 to 6 months in 
adolescent girls and by about 3 months in adolescent boys. �e average weight 
gain during puberty among adolescent girls is 15 to 55 lb or 7 to 25 kg (mean 
gain, 38.5 lb or 17.5 kg). Overall, adolescent boys gain 15 to 65 lb or 7 to 
30 kg during puberty (mean gain, 52.2 lb or 23.7 kg).

Boys� body fat levels decrease during adolescence, dropping to 12% body 
fat by the end of puberty. On average, adolescent girls� lean body mass falls 
from 80 to 75%, whereas their average body fat levels increase from 16 to 27% 
by the end of adolescence. By the time adolescent girls are 16 years of age 
and adolescent boys are 18 years of age, they have accrued more than 90% of 
their adult skeletal mass.

Sexual maturity ratings (SMRs), also known as Tanner stages, are used to 
describe the progression of secondary sexual characteristics that occur in ado-
lescents, irrespective of chronologic age. SMR is based on the development 
of breasts and the appearance of pubic hair among girls (E-Fig. 14-1) and on 
testicular and penile development and the appearance of pubic hair among 
boys (E-Fig. 14-2). SMR 1 corresponds to the prepubertal stage: puberty 
has not begun and no sexual development has occurred. SMR 2 to SMR 5 
indicates the progression of puberty to adulthood. Once young people reach 
SMR 5, they have fully developed secondary sexual characteristics. Sexual 
maturation correlates with linear growth, changes in weight and body composi-
tion, and hormonal changes.2 Sexual maturation provides important assurance 
of the normal progression of puberty or identi�cation of abnormal pubertal 
development.

  NORMAL PSYCHOSOCIAL DEVELOPMENT
Adolescence is o�en divided into three psychosocial developmental phases: 
early adolescence (11 to 13 years), middle adolescence (14 to 16 years), and 
late adolescence (17 to 21 years). In early adolescence, adolescents begin to 
separate from their parents and establish an individual identity. As adolescents 
pull away from parents in search of their own identity, their peer group begins 
to take on increasing salience.

At the beginning of adolescence, cognitive abilities are dominated by con-
crete thinking. Young adolescents lack abstract reasoning capabilities, problem-
solving skills needed to overcome barriers to behavioral changes, and the 
ability to appreciate how current behaviors can a�ect future health status.

Middle adolescence is characterized by growth in emotional autonomy and 
increasing separation from family. �e adolescents� peer groups play a powerful 
role, and adolescents are increasingly involved in partnering relationships that 
include dating, sexual experimentation, and adverse health behaviors such as 
smoking cigare�es, drinking alcohol, using street drugs, and being truant. 
Abstract reasoning skills emerge but o�en regress to concrete thinking when 
adolescents are faced with stressful situations. �ese adolescents begin to 
understand the relationship between health behaviors and future health status, 
but peer pressure may make it challenging for them to make appropriate health-
related choices.

During late adolescence, young people become increasingly more emotion-
ally independent. Peer group values become less important, and young people 
spend more time in a relationship with one person. �is late stage of adoles-
cence is characterized by the development of a strong personal identity. Abstract 
reasoning skills expand, and older adolescents have problem-solving skills 
that help them overcome challenges to behavioral change.

  VITAL STATISTICS
Morbidity and mortality among 10- to 19-year-olds are o�en the result of 
risky behaviors and environmental factors (Table 14-1).3 Unintentional injury 
is the leading cause of death in this age group. Malignant neoplasms, suicide, 
and homicide are the next three leading causes. Most deaths due to intentional 
injury, i.e., suicide and homicide, are theoretically preventable.

 Unintentional and Intentional Injuries
Unintentional injuries account for 25 to 40% of all deaths among 10- to 19-year-
olds. Major causes of unintentional injuries include motor vehicle accidents, 
drowning, �re, poisoning, and falls. Factors that contribute to adolescent 
injuries include socioeconomic factors (poor adolescents are at greatest risk 
for injury), environmental factors (hazards such as all-terrain vehicles, backyard 
swimming pools, �rearms, kerosene heaters, and gang activity), school envi-
ronment, and developmental factors.

Suicide (Chapter 369) rates have been increasing among 10- to 19-year-olds 
since 1999, and suicide is now the second leading cause of death among youth 
15 to 19 years of age and the third leading cause among 10- to 14-year-olds. 

TABLE 14�1	 LEADING CAUSES OF DEATH AMONG 10�19 
YEAR OLDS, U.S., 2015

AGES 10-14 AGES 15-19
CAUSE NUMBER (%) CAUSE NUMBER (%)
All causes 3,009 All causes 10,186
Unintentional injury 763 (25.4) Unintentional injury 3,919 (38.5)
Malignant neoplasms 428 (14.2) Suicide 2,061 (20.2)
Suicide 409 (13.6) Homicide 1,587 (15.6)
Homicide 158 (5.3) Malignant neoplasms 583 (5.7)
Congenital anomalies 156 (5.2) Heart disease 306 (3.0)
Heart disease 125 (4.2) Congenital anomalies 195 (1.9)
Chronic lower 

respiratory disease
93 (3.1) In�uenza and 

pneumonia
72 (0.7)

All others 763 (25.4) All others 1,287 (12.6)
Data from the Center for Disease Control and Prevention�s Web-based Statistics Query and 
Reporting System (WISQARSTM). Available at h�ps://webappa.cdc.gov/sasweb/ncipc/leadcause.
html. Accessed May 10, 2019.
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E�FIGURE 14�1.  Female breast development. Sexual maturity rating 1 (SMR 1): Preado-
lescent; no glandular tissue. Areola and papilla: Areola conforms to general chest line. 
SMR 2: Breast buds appear; areola is slightly widened and projects as small mound. SMR 
3: Enlargement of the entire breast with protrusion of the papilla or of the nipple. Breast 
and areola enlarge with no separation of their contours. SMR 4: Enlargement of the breast 
and projection of areola and papilla as a secondary mound. SMR 5: Adult con�guration 
of the breast with protrusion of the nipple; areola no longer projects separately from 
remainder of breast. (Redrawn from Daniel WA, Paulshock BZ. A physician�s guide to 
sexual maturity rating. Patient Care. 1979;30:122. Original illustration by Paul Singh-Roy.)
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E�FIGURE 14�2.  Female (left) and male (right) pubic hair development. Sexual maturity 
rating 1 (SMR 1): Prepubertal; no pubic hair. SMR 2: Small amount of scanty, long, slightly 
pigmented, along the base of the scrotum and phallus in the male and the medial border 
of the labia majora in females. SMR 3: Darker, coarser, starts to curl, small amount, extend-
ing laterally. SMR 4: Coarse, curly; resembles adult type but does not extend to the medial 
surface of the thighs. SMR 5: Abundant, adult-type pattern; hair extends onto the medial 
aspect of the thighs. Right, Male genital development. SMR 1: Penis preadolescent. Tes-
ticular volume �4 mL. SMR 2: Penis slight or no enlargement. Beginning enlargement of 
testes; testicular volume 4 to 8 mL; scrotal skin reddened, thinner. SMR 3: Penis increased 
in length. Testicular volume 10 to 15 mL. Further enlargement of scrotum. SMR 4: Penis 
larger in breadth, glans penis develops. Testes and scrotum nearly adult; testicular volume 
12-20 mL. SMR 5: Penis adult size; testicular volume greater than 25 mL. (Redrawn from 
Daniel WA, Paulshock BZ. A physician�s guide to sexual maturity rating. Patient Care. 
1979;30:122. Original illustration by Paul Singh-Roy.)
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  OBESITY
More than one third of children and adolescents are overweight or obese. 
Obese adolescents are signi�cantly more likely to become severely obese in 
adulthood. Interventions should focus on changing behavior, increasing physical 
activity, reducing screen time, and modifying the diet. A1  Randomized trials 
also show that substituting sugar-free for sugar-sweetened beverages can reduce 
short-term weight gain, A2  but family-based behavioral treatment programs 
o�er the best short- and long-term success for weight management. A3  In extreme 
cases, pharmacotherapy and even bariatric surgery may be considered in the 
therapeutic plan (Chapter 207).

  MENTAL HEALTH
Approximately 75% of lifetime cases of depression and anxiety (Chapter 369) 
start by age 24 years. About 5 to 8% of adolescents have a clinically signi�cant 
depressive illness and 10 to 20% of 15- to 24-year-olds have an anxiety disorder. 
Approximately 10% of school-aged children have a�ention de�cit/hyperactivity 
disorder. Adolescents diagnosed with one of these mental health problems 
o�en have other comorbid disorders. Le� undiagnosed or untreated, these 
disorders can in�uence development, education, social relationships, and 
participation in the workforce.

 Eating Disorders
Eating disorders (Chapter 206) commonly begin during adolescence.10 For 
adolescent-onset eating disorders, early recognition and aggressive treatment 
are critical to a successful outcome. �e medical complications of eating dis-
orders in adolescents include growth retardation, pubertal delay, low bone 
mineral density, and changes in brain structure and cognitive function. �ese 
complications, which occur early in the disease process, may not be completely 
reversible.

�e goals of treatment are to restore physical health, normal eating behavior 
pa�erns, and mental health and to reduce the impact of the eating disorder 
on the quality of life. Adolescents should be treated at a facility where the 
health professionals understand eating disorders and have experience in treat-
ing adolescents. Successful management strategies for adolescents with eating 
disorders include early restoration of a normal nutritional and physiologic 
state, involvement of the family in the treatment, and incorporation of an 
interdisciplinary team in the treatment. Family-based therapy is an e�ective 
�rst-line, outpatient treatment for adolescents with eating disorders and helps 
protect against relapse. A4 

 Substance Abuse
Nearly half of adolescents try an illicit drug (Chapter 31) by the time they 
�nish high school. Just over 60% of adolescents consume alcohol (Chapter 
30) by the end of high school, and about 40% report having been drunk at 
least once in their life. Adolescents who begin using alcohol or drugs before 
15 years of age are more than �ve times more likely to develop an addictive 
disorder later in life compared with those who �rst use alcohol at 21 years of 
age. About 25% of U.S. adolescents have used marijuana in the past year, and 
this percentage has remained relatively stable over the last decade. Adolescents 
are now more likely to use e-cigare�es than to smoke conventional cigare�es 
(Chapter 29); however, those who use e-cigare�es are more likely than non
users to initiate conventional cigare�e use as well. In 2004, almost 10% of 
12th graders reported nonmedical use of prescription opioids (Chapter 31), 
but that number dropped to under 5% by 2016.

Adolescent drug use is the result of a complex interaction among genetic, 
social, environmental, and personal risk factors. Boys tend to initiate drug 
and alcohol use at younger ages than girls do, but once girls begin to experi-
ment, they are just as likely as boys to use drugs. Boys are more likely to 
consume marijuana, steroids, and smokeless tobacco, whereas girls are more 
likely to abuse amphetamines and methamphetamine.

Adolescents with poor self-esteem and low motivation, as well as those 
without an a�achment to school and/or with poor academic achievement 
have a greater propensity for alcohol and drug abuse compared with those 
without these characteristics. Adolescents with a family history of alcohol or 
other drug abuse are also at greater risk. Adolescents are less likely to succumb 
to external pressures toward drug use if they have a strong sense of a�achment 
to parents who clearly communicate their disapproval of drug use.

Signs and symptoms suggestive of substance abuse include changes in 
physical appearance, poor hygiene or dress, wearing long-sleeved shirts to 
hide scarring at injection sites, persistent cough or bronchitis, di�culty 
sleeping, sudden weight loss or weight gain, sudden changes in personality, 

In the United States, slightly more than 2% of girls and almost 6% of boys 
in grades 9 to 12 started having sex before they were 13 years old. About 45% 
of high-school boys and 40% of girls in grades 9 to 12 have had vaginal inter-
course at least once, and about 60% of both boys and girls have vaginal inter-
course by their senior year.7 About 12% of adolescents have had four or more 
sex partners during their lives, and over 40% of sexually active high-school 
students did not use a condom when they last had sexual intercourse. Nearly 
15% of women ages 18 to 19 report having been forced to have intercourse. 
Adolescents are more likely to report engaging in oral than in vaginal sex 
because they perceive oral sex as signi�cantly less risky (fewer health, social, 
and emotional consequences) than vaginal sex, but adolescents who engage 
in oral sex also are more likely to engage in vaginal sex.

Almost 250,000 babies are born annually to U.S. women aged 15 to 19, 
but this rate of 24.2 births/1,000 women in this age group represents a historic 
low for the United States.8 Even so, the United States has the highest adolescent 
birthrate of any developed country. Abortion rates in this age group have now 
decreased by almost 50% since 1990. Most of this decrease is a�ributable to 
increased use of e�ective contraception and decreased sexual activity. Ado-
lescent pregnancy is more common among African American and Hispanic 
girls as well as among girls from low-income families.

 Contraception
�e most commonly used contraceptive methods in adolescents are oral con-
traceptive pills and condoms, although new hormonal delivery systems, such 
as transdermal patches, vaginal rings, and long-acting reversible contraceptives, 
are convenient and e�ective (Chapter 225). Long-acting reversible contracep-
tive methods (intrauterine devices and contraceptive implants) are now rec-
ommended as the contraceptive method of choice for young women because 
of their high e�ectiveness. Routine counseling about and advance provision 
of emergency contraception is an important part of the public health strategy 
to reduce teen pregnancy rates (Chapter 225).

 Sexually Transmitted Infections
Young people ages 15 to 24 account for half of all new sexually transmi�ed 
infections in the United States (Chapter 269). In 2015, adolescents 15 to 19 
years of age accounted for 26% of the reported cases of chlamydia (Chapter 
302) and 18% of the cases of gonorrhea (Chapter 283) in the United States. 
�e overall prevalence of Chlamydia trachomatis infections among 14- to 
19-year-olds is approximately 2%, but the prevalence varies and is higher 
among young women than men. In adolescents, HIV infection (Chapter 360) 
is contracted primarily as a sexually transmi�ed infection, and youth 13 to 24 
years of age represent over 20% of all new diagnoses of HIV infection in the 
United States. HPV (Chapter 349), which is the most prevalent of all sexually 
transmi�ed infections in 15- to 24-year-olds, has a prevalence of about 20% 
in adolescent girls 14 to 17 years of age. HIV and syphilis are of particular 
concern among African American and Latino male adolescents with same sex  
partners.

Adolescents are at increased risk for acquiring sexually transmi�ed infec-
tions for a number of reasons, including elevated rates among sex partners 
and inconsistent or incorrect condom use. Sexual minority youth may have 
particular di�culty accessing appropriate sexual health services. Adolescent 
girls may have persistent vaginal columnar epithelium that is more susceptible 
than squamous epithelium to infection with Neisseria gonorrhoeae, C. tracho-
matis, and HPV as well as lower levels of immunoglobulin A in their cervical 
mucus. For all adolescents, treatment may be delayed owing to an inability 
to access con�dential health care services, lack of health care coverage, neigh-
borhood chaos, poverty, and drug tra�cking and use.

Chlamydial infections (Chapter 302) are overwhelmingly asymptomatic. 
When symptoms are present, they may be so mild or short-lived that they are 
easily ignored. Otherwise, clinical presentations and treatments of sexually 
transmi�ed infections (Chapter 269) in adolescents are similar to those in 
adults.

To maximize the likelihood of successful treatment of these infections, 
an observed single-dose therapy is recommended. In addition, whenever 
possible, expedited partner therapy, which is the treatment of sexual part-
ners without requiring a prior clinical evaluation or prevention counseling, 
reduces the risk of recurrent sexually transmi�ed infections be�er than standard 
management and should be used within 60 days wherever state law permits. 
Clinicians should consider the use of expedited partner therapy for partners 
exposed to heterosexual males and females with chlamydia or gonorrhea 
infections, especially when in-person evaluation and treatment are unlikely  
(Chapter 269).9
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aggressive behavior, irritability, nervousness, giddiness, changes in peer 
group, increased isolation from peers or family, depression, loss of interest 
in once favorite activities, decline in performance or a�endance at school 
or work, forgetfulness, increased secretiveness, money or objects disappear-
ing from the household, and prescription drugs that seem to be used up too  
quickly.

A validated screening tool for alcohol and substance abuse (Table 14-2) 
should be used in adolescents.11 �ose answering yes to one question should 
receive feedback regarding the adverse e�ects of substance abuse. �ose who 
answer yes to two or more questions are at high risk for substance abuse 
problems and require further assessment or referral (Chapters 30 and  
31). A5  Urine drug testing has low sensitivity for detection of drug use, and 
there is no consensus about its role for screening of adolescents.

Alcohol and drug use contributes to more than 40% of adolescent deaths 
from motor vehicle crashes, to suicide a�empts, and to an increased risk for 
subsequent use and dependence and related problems in adulthood. Histori-
cally, substance abuse treatment has been based on abstinence. A6  More recently, 
a harm-reduction approach has gained acceptance. Adolescents discontinue 
drug and alcohol use mainly because of concern about their negative e�ects, 
and community-based interventions can be e�ective. Individual interventions 
appear to have a larger e�ect size than family-based interventions A7  in reducing 
alcohol abuse, with the e�ect size decreasing over time.

  CHRONIC ILLNESS AND TRANSITION
�e prevalence of chronic diseases in adolescents has increased signi�cantly 
because advances in medical technology and treatments have increased the 
survival of young people with childhood diseases formerly considered lethal. 
About 18% of adolescents in the United States live with a chronic illness. 
Chronic illness may a�ect the adolescent�s development, or the adolescent�s 
development may a�ect the illness. For example, cystic �brosis (Chapter 83) 
may delay puberty and hinder normal peer development. Puberty can exac-
erbate diabetes mellitus (Chapter 216). Increased risk-taking by adolescents 
with diabetes, asthma, or chronic renal failure can hinder their compliance 
with their medication regimen.

Adolescents in general, and those with special health care needs in particular, 
require a smooth, seamless, coordinated, and developmentally appropriate 
transition to support their engagement in the adult health care system. �e 
patient, family, and pediatric and adult health care systems should view the 
transition as a natural part of the developmental process of care for all ado-
lescents. �e recommended elements of a transition plan include early indi-
vidualized planning and preparation of patient, family, and health care teams; 
tailored wri�en transition plans; coordination by both the transferring and 
receiving physicians; introductory meetings for young adults with their new 
providers before transfer; transfer at a time of disease stability rather than 
during a period of instability; and the introduction of transition coordinators 
who act as liaisons between the pediatric and adult health care system.

TABLE 14�2	 CRAFFT SCREENING TOOL FOR DRUG AND 
ALCOHOL USE IN ADOLESCENTS

�e adolescent is instructed, �Please answer these next questions honestly. Your 
answers will be kept con�dential. During the past 12 months, did you ��
Drink any alcohol (more than a few sips)?
Smoke any marijuana or hashish?
Use anything else to get high?

If the adolescent answers no to the three opening questions, the provider only needs 
to ask the adolescent the �rst question�the CAR question. If the adolescent 
answers yes to any one or more of the three opening questions, the provider asks 
all six C�FFT questions.
C�Have you ever ridden in a CAR driven by someone (including yourself) who 

was �high� or had been using alcohol or drugs?
R�Do you ever use alcohol or drugs to RELAX, feel be�er about yourself, or �t 

in?
A�Do you ever use alcohol/drugs while you are by yourself, ALONE?
F�Do you ever FORGET things you did while using alcohol or drugs?
F�Do your family or FRIENDS ever tell you that you should cut down on your 

drinking or drug use?
T�Have you go�en into TROUBLE while you were using alcohol or drugs?

C�FFT is a mnemonic acronym of the �rst le�ers of key words in the six screening 
questions. �e questions should be asked exactly as wri�en.
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4.	 Which statement BEST describes the overall goals of treatment in adoles-
cents with eating disorders?
	A.	 �e goals of treatment are to restore physical and mental health, normal 

eating behavior pa�erns, and to reduce the impact of the eating disorder 
on the quality of life.

	B.	 �e goals of treatment are to restore mental health, parental relation-
ships, normal eating behavior pa�erns, and to reduce the impact of the 
eating disorder on the quality of life.

	C.	 �e goals of treatment are to restore physical and mental health, to 
reduce the impact of the eating disorder on the quality of life, and to 
improve academic performance

	D.	 �e goals of treatment are to restore physical and mental health, normal 
eating behavior pa�erns, and parental relationships.

	E.	 �e goals of treatment are to restore physical health, healthy weight, 
normal eating behavior pa�erns, and to increase physical endurance.

Answer: A  �e goals of treatment are to restore physical health, normal eating 
behavior pa�erns, and mental health, as well as to reduce the impact of the 
eating disorder on the quality of life.

5.	 Which ONE of the following statements about the in�uence of peer groups 
on adolescents is correct?
	A.	 Peer groups are equally in�uential throughout adolescent development.
	B.	 Peers groups are most in�uential during early adolescence.
	C.	 Peers groups are most in�uential during middle adolescence.
	D.	 Peer groups are most in�uential during late adolescence.
	E.	 Peer groups play a greater role in female compared to male adolescent 

development.
Answer: C  As adolescents pull away from parents in search of their own 
identity, their peer group begins to take on increasing salience. During middle 
adolescence, peer groups play a powerful role, and adolescents are increasingly 
involved in partnering relationships that include dating, sexual experimenta-
tion, and adverse health behaviors such as smoking cigare�es, drinking alcohol, 
using street drugs, and being truant. During late adolescence, peer group values 
tend to become less important, as many young people spend more time in a 
relationship with one person.

REVIEW QUESTIONS
1.	 Which ONE of the following statements about sexual maturity ratings 

(SMR) is correct?
	A.	 SMR is based on chronologic age.
	B.	 SMR is based on the development of breasts only among girls.
	C.	 SMR is based on the appearance of pubic hair only among boys.
	D.	 SMR 2 to SMR 5 indicate the progression of puberty to adulthood.
	E.	 SMR 0 corresponds to the prepubertal stage.

Answer: D  Sexual maturity rating (SMR) 1 corresponds to the prepubertal 
stage: puberty has not begun and no sexual development has occurred. SMR 
2 to SMR 5 indicate the progression of puberty to adulthood. Once young 
people reach SMR 5, they have fully developed secondary sexual characteristics. 
Sexual maturation correlates with linear growth, changes in weight and body 
composition, and hormonal changes. Sexual maturation provides important 
assurance regarding the normal progression of puberty or identi�cation of 
abnormal pubertal development.

2.	 What are the THREE leading causes of death in adolescents 15 to 19 years 
old who live in the United States?
	A.	 Unintentional injury, suicide, congenital malformations
	B.	 Suicide, homicide, malignant neoplasias
	C.	 Unintentional injury, suicide, homicide
	D.	 Suicide, malignant neoplasias, diseases of the heart
	E.	 Unintentional injury, homicide, congenital malformations

Answer: C  Morbidity and mortality among 15- to 19-year-olds are o�en the 
result of risky behaviors and environmental factors (see Table 14-1). Unin-
tentional injury is the leading cause of death in this age group, followed by 
suicide and homicide. Most deaths due to unintentional injury, suicide, and 
homicide are theoretically preventable.

3.	 Which ONE of the following statements about con�dentiality is correct?
	A.	 Parents are not able to appreciate the importance of allowing the ado-

lescent the opportunity to speak alone with the clinician.
	B.	 Con�dentiality and de�ning the limits of con�dentiality should be dis-

cussed with the adolescent and not with the parents.
	C.	 �e adolescent and family need to know that the clinician will intervene 

if he or she believes that the adolescent�s actions may cause him or her, 
or another person, signi�cant harm.

	D.	 �e duty of con�dentiality precludes encouraging and empowering 
adolescents to talk to their parents or guardians about important health 
care issues.

	E.	 �e legal de�nition of con�dentiality is the same for all geographic 
locations.

Answer: C  Con�dentiality and its limits should be discussed with the ado-
lescent and his or her parents or guardians at the beginning of the interview. 
�e adolescent and family need to know that the clinician will intervene if he 
or she believes that the adolescent�s actions may cause him or her, or another 
person, signi�cant harm or that the adolescent is in imminent danger. Examples 
of situations in which the clinician would not maintain con�dentiality when 
dealing with young people include disclosure of current suicidal or homicidal 
intent. Parents appreciate education about the concept of con�dentiality and 
recognize the importance of allowing the adolescent the opportunity to speak 
alone with the clinician. �e legal de�nition of con�dentiality varies, depend-
ing on geographic location, and clinicians should be familiar with local laws.
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ABSTRACT
Immunization is one of the most cost-e�ective means of preventing morbidity 
and mortality from infectious diseases. Routine immunization, particularly 
of children, has resulted in decreases of 90% or more in reported cases of 
measles, mumps, rubella, congenital rubella syndrome, poliomyelitis, tetanus, 
invasive Haemophilus in�uenzae type b, varicella, hepatitis A, and diphtheria. 
In many circumstances, immunization in children and adults not only prevents 
morbidity and mortality but also reduces long-term health care costs.
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3 to 11 months a�er immune globulin. Immune globulin does not interfere 
with the response to yellow fever vaccine and is not believed to interfere with 
orally or intranasally administered live virus vaccines.

 Contraindications and Precautions
Persons who administer vaccines should screen patients for contraindications 
and precautions to the vaccine before each dose of vaccine is administered 
(E-Table 15-1). Screening is facilitated by consistent use of screening question-
naires, which are available from certain state vaccination programs and other 
sources (e.g., the Immunization Action Coalition, h�p://www.immunize.org). 
A contraindication is a condition that increases the risk for a serious adverse 
reaction. A vaccine should not be administered when a contraindication is 
present; for example, MMR vaccine should not be administered to severely 
immunocompromised persons. �e only contraindication applicable to all 
vaccines is a history of a severe allergic reaction (i.e., anaphylaxis) a�er a 
previous dose of vaccine or to a vaccine component (unless the recipient 
has been desensitized). In addition, severely immunocompromised persons 
generally should not receive live vaccines. Because of the theoretical risk to 
the fetus, women known to be pregnant generally should not receive live, 
a�enuated virus vaccines.

A precaution is a condition that may increase the risk for a serious adverse 
reaction or that may compromise the ability of the vaccine to produce immu-
nity (e.g., administering measles vaccine to a person with passive immunity 
to measles from a blood transfusion or administering in�uenza vaccine to a 
person with a history of Guillain-BarrØ syndrome within 6 weeks of a previous 

diphtheria antitoxin). Passive immunization usually is indicated to protect 
individuals immediately before anticipated exposure or shortly a�er known 
or suspected exposure to an infectious agent (see Table 15-1), when active 
immunization either is not possible or has not been adequate.

 Route and Timing of Vaccination
Each immunobiologic has a preferred site and route of administration. In 
adults, vaccines intended for intramuscular injection should preferably be 
administered in the deltoid muscle. For most adults, intramuscular injections 
should be administered with a 1- to 11

2-inch, 22- to 25-gauge needle. Use of 
the bu�ocks is discouraged except when large volumes are required because 
of the potential for damage to the sciatic nerve and because of diminished 
immune response to some vaccines (such as hepatitis B), probably because 
vaccine is injected into fat rather than into muscle. Subcutaneous vaccines are 
usually administered in the triceps area. In general, inactivated vaccines and 
toxoids can be given at the same visit at di�erent sites. Live and inactivated 
vaccines usually can be administered at the same time. For example, measles, 
mumps, and rubella (MMR) vaccine can be administered at the same time 
as inactivated poliovirus vaccine and live a�enuated varicella vaccine. In general, 
injected and intranasally administered live vaccines not delivered on the same 
day should be separated by at least 4 weeks to avoid interference by the second 
vaccine of viral replication and immunity induced by the �rst vaccine. Orally 
administered live vaccines (such as oral typhoid vaccine) can be administered 
at any interval before or a�er live injected or intranasal vaccines. Immune 
globulin may interfere with the replication of injected live vaccine viruses; 
ideally, most live vaccines should be administered at least 2 weeks before or 

TABLE 15�1	 PASSIVE IMMUNIZATIONS FOR ADULTS
DISEASE NAME OF MATERIAL* COMMENTS AND USE
Tetanus Tetanus immune globulin, human Management of tetanus-prone wounds in persons without adequate prior active 

immunization and treatment of tetanus
Cytomegalovirus Cytomegalovirus immune globulin, intravenous Prophylaxis for bone marrow and kidney transplant recipients
Diphtheria Diphtheria antitoxin, equine Treatment of established disease; high frequency of reactions to serum of nonhuman 

origin; in the United States, available only from CDC
Rabies Rabies immune globulin, human Postexposure prophylaxis of animal bites
Measles Immune globulin, human Prevention or modi�cation of disease in exposed persons, not for control of outbreaks; 

particularly indicated for unvaccinated infants aged �12 mo, pregnant women without 
evidence of measles immunity, and severely immunocompromised persons

Hepatitis A Immune globulin, human Preexposure and postexposure prophylaxis for travelers and others who need protection 
before immunity can be achieved with hepatitis A vaccine

Hepatitis B Hepatitis B immune globulin, human Prophylaxis for needle stick or mucous membrane contact with HBsAg-positive persons, 
for sexual partners with acute hepatitis B or carriers of hepatitis B, for infants born to 
mothers who are carriers of HBsAg, for infants whose mother or primary caregiver has 
acute hepatitis B

Varicella Varicella zoster immune globulin, human Persons with underlying disease and at risk for complications from chickenpox who have 
not had varicella or varicella vaccine and who are exposed to varicella; may be given up 
to 10 days a�er exposure to known susceptible adults, particularly if antibody negative

Vaccinia Vaccinia immune globulin Treatment of eczema vaccinatum, vaccinia necrosum, and severe inadvertent inoculations 
such as ocular vaccinia a�er vaccinia (smallpox) vaccination; available only from CDC

Erythroblastosis fetalis Rh immune globulin Rh-negative women who give birth to Rh-positive infants or who abort
Hypogammaglobulinemia Immune globulin, intravenous, subcutaneous Maintenance therapy
Idiopathic 

thrombocytopenic 
purpura

Immune globulin, intravenous �erapy for acute episodes

Botulism Heptavalent A, B, C, D, E, F, E, G antitoxin, equine
Botulism immune globulin for infants

Treatment of botulism; available through CDC
Treatment of botulism in infants

Snakebite Antivenin, equine (North American coral snake 
antivenin)

Speci�c for North American coral snake, Micrurus fulvius

Crotalidae, polyvalent E�ective for viper and pit viper bites, including 
ra�lesnakes, copperheads, moccasins

Crotalidae Immune 
F(ab�)2 (Equine)

Equine-derived antivenin indicated for the management 
of adult and pediatric patients with North American 
ra�lesnake envenomation

Speci�c for North American ra�lesnake, Crotalus spp.

Spider bite Antivenin, equine Speci�c for black widow spider, Latrodectus mactans, and other members of the genus
Scorpion Fab fragments, equine Speci�c for Centruroides genus scorpions
*All products to be administered intramuscularly, unless otherwise indicated.
CDC � Centers for Disease Control and Prevention; HBsAg � hepatitis B surface antigen.

Text continued on p. 67
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DISEASE
IMMUNIZING 

AGENT INDICATIONS SCHEDULE

MAJOR 
CONTRAINDICATIONS (C) 

AND PRECAUTIONS (P) COMMENTS
Human papillomavirus L1 capsid proteins of 

types 6, 11, 16, 
18, 31, 33, 45, 52, 
and 58 (nine-
valent; bivalent 
and quadrivalent 
vaccines, while 
licensed are no 
longer available in 
the United States)

Females at 11-12 yr; catch-up 
vaccination of females through 
26 yr

Males 11-12 yr and catch-up 
vaccination through 21 yr; 
consider catch-up through 26 yr to 
prevent anogenital and 
oropharyngeal cancers and genital 
warts

Two 0.5-mL doses IM at 0 and 
6-12 mo if initiating vaccine 
series before 15 yr

�ree 0.5-mL doses IM at 0, 1 
to 2, and 6 mo if �rst dose 
given at 15 yr or older

C: Severe allergic reaction to 
a vaccine component or to 
a prior dose

Vaccine is not recommended 
for pregnant women

P: Moderate or severe acute 
illness

�e vaccine will not 
protect against 
existing infections

Because the types in the 
vaccines are not 
responsible for all 
HPV infections 
associated with 
cervical cancer, 
screening for cancer 
should occur as for 
unvaccinated women

Approved by the FDA 
for 27 to 45 year olds

In�uenza Inactivated virus 
vaccine

All persons �6 mo of age, with 
greatest priority for those at higher 
risk for in�uenza complications 
(e.g., �65 yr old, persons with 
underlying medical conditions, 
pregnant women) or in contact 
with those at higher risk (e.g., 
health care workers, and persons 
with close contact with children 
�5 yr)

Annual vaccination; see annual 
ACIP recommendation

C: Severe allergic reaction to 
an in�uenza vaccine 
component (except eggs) 
or a�er a prior dose

P: Moderate or severe acute 
illness

P: GBS within 6 wk of prior 
dose of in�uenza vaccine

Optimum timing for 
vaccination is 
October. However, 
vaccination can occur 
throughout the 
in�uenza season, 
particularly for 
persons at high risk 
for complications and 
their contacts who 
were not vaccinated 
earlier

Only one dose of 
in�uenza vaccine per 
season is 
recommended for 
adults

Live a�enuated 
in�uenza virus 
(LAIV)

Persons 2 through 49 yr without 
underlying conditions that place 
them at high risk of complications 
from in�uenza

Administered intranasally
See annual ACIP 

recommendations

C: Persons �2 yr or �50 yr
P: Persons with underlying 

disorders that place them 
at high risk of in�uenza 
complications

P: History of GBS within 
6 wk of prior dose of 
in�uenza vaccine

C: Pregnant women
C: Hypersensitivity to 

components of vaccine 
(except eggs)

Can be used for 
household contacts 
and health care 
workers caring for 
patients without 
severe 
immunocompromise

Japanese encephalitis Inactivated Japanese 
encephalitis virus 
vaccine

Travelers to Asia spending at least 
1 mo in endemic areas during 
transmission season

Two 0.5-mL doses IM on days 
0 and 28 for persons 18 yr 
and older

�e FDA approved an 
alternate 0- and 7-day 
schedule.

C: Pregnancy

Measles Live virus vaccine All adults born a�er 1956 without 
history of live vaccine on or a�er 
�rst birthday or detectable measles 
antibody

Persons born before 1957 generally 
can be considered immune

One dose su�cient for most 
adults; two doses at least 
1 mo apart indicated for 
persons entering college or 
medical facility 
employment, traveling 
abroad, or at risk of measles 
during outbreaks

C: Altered immunity (e.g., 
leukemia, lymphoma, 
generalized malignant 
disease, congenital 
immunode�ciency, 
immunosuppressive 
therapy)

C: Immune globulin or other 
blood products within 
prior 3-11 mo, depending 
on dose of immune 
globulin or blood product 
received

C: Untreated tuberculosis
C: Anaphylactic 

hypersensitivity to 
neomycin or gelatin

C: Pregnancy
P: �rombocytopenia

Persons with 
anaphylactic allergies 
to eggs may be 
vaccinated (see text)

Vaccine should be 
administered to 
persons with 
asymptomatic HIV 
infection and should 
be considered for 
patients except those 
with severe 
immunocompromise

TABLE 15�2	 SELECTED IMMUNIZING AGENTS INDICATED FOR ADULTS�cont�d
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DISEASE
IMMUNIZING 

AGENT INDICATIONS SCHEDULE

MAJOR 
CONTRAINDICATIONS (C) 

AND PRECAUTIONS (P) COMMENTS
Meningococcal disease 

(two vaccines)
1. Meningococcal 

conjugate vaccines 
containing 
polysaccharide of 
serogroups A, C, 
W, and Y (age 
2 mo-55 yr)

All 11- to 18-yr-old persons and all 
persons with persistent 
complement component 
de�ciencies, HIV infection, or 
anatomic or functional asplenia

Persons who will travel to areas with 
hyperendemic or epidemic 
diseases

Microbiologists routinely exposed to 
isolates of Neisseria meningitidis

May be useful during localized 
outbreaks

One dose with revaccination 
at age 16 yr of children who 
receive conjugate vaccine at 
11-12 yr of age and every 
5 yr for persons at high risk

C: Allergic reactions to a 
component of the vaccine, 
including diphtheria 
toxoid and latex

2. Recombinant 
meningococcal B 
protein vaccines 
containing either 
two (MenB-
FHbp) or three 
(MenB 4C) 
proteins (ages 
10 yr and older)

All persons 10 yr and older with 
persistent complement 
component de�ciencies (including 
inherited or chronic de�ciencies in 
C3, C5-9, properdin, factor D, 
factor H, or who are taking 
eculizumab [Soliris]), or anatomic 
or functional asplenia

Certain laboratory workers
May be useful during localized 

outbreaks
May be administered to adolescents 

and young adults aged 16-23 yr to 
provide short-term protection 
against most strains of serogroup 
B meningococcal disease; 
preferred age for MenB 
vaccination is 16-18 yr

Either a 2-dose series of 
MenB-4C at 0 and 1 mo, or 
a 2-dose series of 
MenB-FHbp at 0, and 
6 mo. �e two dose series 
of MenB-FHbp is 
recommended only for 
healthy persons who are 
not at increased risk for 
meningococcal disease. For 
persons at increased risk for 
meningococcal disease and 
for use during serogroup B 
outbreaks, MenB-FHbp 
should be given as 3 doses 
at 0, 1-2, and 6 mo. For 
persons at increased risk, 
the 2 dose series of 
MenB-4c at 0 and 1 mo 
remains in e�ect. �e same 
vaccine product should be 
used for all doses. No 
revaccination 
recommendations at 
present

C: Severe allergic reaction to 
a vaccine component or 
a�er a prior dose

C: Pregnancy
P: Moderate or severe acute 

illness

Evidence supports use of 
MenB vaccines in all 
persons at increased 
risk for serogroup B 
meningococcal 
disease. Evidence for 
use of these vaccines 
in adolescents and 
young adults supports 
a recommendation for 
individual clinical 
decision making

Mumps Live virus vaccine All adults born a�er 1956 without 
history of live vaccine on or a�er 
�rst birthday or detectable mumps 
antibody

Persons born before 1957 generally 
can be considered immune

One dose su�cient for most 
adults

Two doses at least 1 mo apart 
indicated for persons 
entering college or medical 
facility employment or 
traveling abroad

C: Altered immunity (e.g., 
leukemia, lymphoma, 
generalized malignant 
disease, congenital 
immunode�ciency, 
immunosuppressive 
therapy)

C: Immune globulin or other 
blood products within 
prior 3-11 mo

C: Anaphylactic 
hypersensitivity to 
neomycin or gelatin

C: Pregnancy
P: �rombocytopenia if 

administered with measles 
vaccine

P: Moderate or severe acute 
illness

Although persons born 
a�er 1956 are 
generally immune, 
vaccine can be given 
to adults of all ages 
and may be 
particularly indicated 
for postpubertal males 
who are thought to be 
susceptible

Persons with 
anaphylactic allergies 
to eggs may be 
vaccinated

Persons previously 
vaccinated with two 
doses of a mumps-
containing vaccine 
who are identi�ed by 
public health as at 
increased risk for 
mumps because of a 
mumps outbreak 
should receive a third 
dose of a mumps-
containing vaccine to 
improve protection 
against mumps 
disease and related 
complications

TABLE 15�2	 SELECTED IMMUNIZING AGENTS INDICATED FOR ADULTS�cont�d
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DISEASE
IMMUNIZING 

AGENT INDICATIONS SCHEDULE

MAJOR 
CONTRAINDICATIONS (C) 

AND PRECAUTIONS (P) COMMENTS
Pertussis Adult preparation of 

pertussis antigens 
combined with 
tetanus and 
diphtheria toxoids 
(Tdap)

All 11 to 12 yr olds
Catch-up vaccination for all persons 

�13 yr

One dose
Pregnant women: one dose 

during each pregnancy 
early in the period between 
27 and 36 wk of gestation

C: Severe allergic reaction to 
a vaccine component or 
a�er a prior dose

P: Moderate or severe acute 
illness

Two preparations are 
available, one licensed 
for all persons �10 yr, 
one for 10 to 64 yr 
olds

Pneumococcal disease 23-Valent 
polysaccharide 
vaccine (PPSV23)

All adults with cardiovascular disease, 
pulmonary disease (including 
asthma), diabetes mellitus, 
alcoholism, cirrhosis, 
cerebrospinal �uid leaks, splenic 
dysfunction or anatomic asplenia, 
Hodgkin disease, lymphoma, 
multiple myeloma, chronic renal 
failure, nephrotic syndrome, 
immunosuppression, HIV 
infection, cigare�e smokers 19 yr 
and older

High-risk populations, such as certain 
Native Americans, and

All adults �65 yr

One dose IM or SC; a second 
dose should be considered 
�5 yr later for adults at high 
risk of disease (e.g., asplenic 
patients) and those who 
lose antibody rapidly (e.g., 
nephrotic syndrome, renal 
failure, transplant 
recipients)

Revaccinate adults who 
received a �rst dose when 
�65 yr who are now �65 yr 
and who received their 
vaccine at least 5 yr earlier

C: Severe allergic reaction to 
a vaccine component or 
a�er a prior dose

P: Moderate or severe acute 
illness

Pneumococcal 
conjugate vaccine 
(PCV13)

One dose recommended for all 
adults age 65 yr and older, for 
immunocompromised adults 
�19 yr, and those with functional/
anatomic asplenia, cochlear 
implants, cerebrospinal �uid leaks

One dose if not previously 
vaccinated with PCV13) as 
an adult

Give �1 yr a�er PPSV23; or if 
PPSV23-naïve, if 65 yr or 
older and not 
immunocompromised, give 
PPSV23 �1 yr a�er PCV13; 
if �19 yr old and 
immunocompromised, give 
PPSV23 �8 wk a�er 
PCV13

C: Severe allergic reaction 
(e.g., anaphylaxis) to any 
component of PCV13 or 
any diphtheria toxoid-
containing vaccine

P: Moderate or severe acute 
illness

Although licensed for 
use in adults �50 yr, it 
is recommended only 
for adults �19 yr with 
the noted medical 
conditions

Poliomyelitis Inactivated poliovirus 
vaccine (IPV)

Certain adults who are at greater risk 
of exposure to wild poliovirus 
than the general population, 
including travelers to countries 
where poliomyelitis is epidemic or 
endemic or speci�c populations 
with disease caused by wild 
poliovirus

For unvaccinated adults, two 
doses IM or SC 4 wk apart 
and a third dose 6-12 mo 
a�er the second; if �4 wk 
available before protection 
is needed, a single dose of 
IPV

For incompletely immunized 
adults, complete primary 
series of three doses of IPV 
or prior oral poliovirus 
vaccine (OPV); no need to 
restart interrupted series

A single dose of IPV can be 
given to adults who 
previously received a 
primary series but now are 
at high risk, such as those 
traveling to an endemic area

P: On theoretical grounds, 
pregnant women should 
not receive IPV, but if 
immediate protection is 
needed, IPV can be used

C: Severe allergic reaction to 
a vaccine component or 
a�er a prior dose

P: Moderate or severe acute 
illness

Rabies Inactivated vaccine, 
HDCV or 
PCECV

High-risk persons, including animal 
handlers, selected laboratory and 
�eld workers, and persons 
traveling for �1 mo to areas with 
high risk of rabies

Preexposure prophylaxis: 
three doses of 1 mL IM on 
days 0, 7, and 21 or 28

C: History of severe 
hypersensitivity reaction

P: Moderate or severe acute 
illness

Further doses needed 
a�er exposure

TABLE 15�2	 SELECTED IMMUNIZING AGENTS INDICATED FOR ADULTS�cont�d
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DISEASE
IMMUNIZING 

AGENT INDICATIONS SCHEDULE

MAJOR 
CONTRAINDICATIONS (C) 

AND PRECAUTIONS (P) COMMENTS
Rubella Live virus vaccine Adults, particularly women of 

childbearing age, who lack history 
of rubella vaccine and detectable 
rubella-speci�c antibodies in 
serum

Males and females in institutions 
where rubella outbreaks may 
occur, such as hospitals, the 
military, and colleges

Persons born before 1957, except 
women who can become 
pregnant, generally can be 
considered immune

One dose SC C: Pregnancy, altered 
immunity (e.g., leukemia, 
lymphoma, generalized 
malignant disease, 
congenital 
immunode�ciency, 
immunosuppressive 
therapy)

C: Immune globulin or other 
blood products within 
3-11 mo before 
vaccination

C: Anaphylactic 
hypersensitivity to 
neomycin

C: Administration of blood 
products should not 
contraindicate postpartum 
vaccination

P: �rombocytopenia if 
administered with measles 
vaccine

P: Moderate or severe acute 
illness

Women should be 
counseled to avoid 
pregnancy for 1 mo 
a�er vaccination

Smallpox Live vaccinia virus Persons working with orthopox 
viruses

Members of public health and health 
care response teams

One dose intracutaneously 
with a bifurcated needle

Boosters every 10 yr and 
perhaps every 3 yr for 
persons working with 
virulent orthopox viruses

C: History or presence of 
eczema or other acute, 
chronic, or exfoliative skin 
condition in patient or a 
close household or 
personal contact

C: Immunosuppression or 
pregnancy in patient or a 
close household or 
personal contact

P: History of heart disease
C: Breast-feeding
C: Age �1 yr
C: Allergy to a vaccine 

component
P: History of heart disease
P: Moderate or severe acute 

illness
No contraindications if 

exposed to smallpox

Some complications of 
vaccination are 
treatable with vaccinia 
immune globulin

Vaccine is e�ective 3-4 
days a�er exposure to 
variola and perhaps 
longer to prevent or to 
modify the illness

Serious adverse events 
are rare but 
signi�cant, including 
eczema vaccinatum, 
progressive vaccinia, 
myopericarditis, 
autoinoculation, and 
encephalitis

Vaccinia is transmissible

Tetanus Tetanus and 
diphtheria toxoids 
combined

All adults �ree doses IM needed for 
primary series: two doses 
4 wk apart, third dose 
6-12 mo a�er second dose

Booster every 10 yr; no need 
to repeat if schedule is 
interrupted

C: History of neurologic or 
severe allergic reaction 
a�er a prior dose

P: Moderate or severe acute 
illness

Special 
recommendations for 
wound treatment (see 
text)

Persons with GBS within 
the �rst 6 wk a�er 
immunization, 
particularly adults 
who received a prior 
primary series, 
probably should not 
be revaccinated in 
most circumstances

Tetanus and diphtheria 
toxoids combined 
with acellular 
pertussis (Tdap) 
vaccine preferred for 
booster at age 
11-12 yr

One-time booster of 
Tdap for all adults

TABLE 15�2	 SELECTED IMMUNIZING AGENTS INDICATED FOR ADULTS�cont�d
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DISEASE
IMMUNIZING 

AGENT INDICATIONS SCHEDULE

MAJOR 
CONTRAINDICATIONS (C) 

AND PRECAUTIONS (P) COMMENTS
Typhoid fever Vi capsular 

polysaccharide 
vaccine

Live a�enuated 
Ty21a oral vaccine

Travelers to areas where the risk of 
prolonged exposure to 
contaminated food and water is 
high

May be considered for family and 
intimate contacts of carriers and 
laboratory workers who work with 
Salmonella typhi

Vi polysaccharide vaccine: one 
dose IM 0.5 mL; boosters 
every 2 yr

Oral vaccine: four doses on 
alternate days; repeat series 
every 5 yr if risk continues

C: Severe local or systemic 
reaction to a prior dose

C: Ty21a vaccine should not 
be administered to 
persons with altered 
immunity or those 
receiving antimicrobial 
agents

P: Moderate or severe acute 
illness

E�cacy only 50-77%
Food and water 

precautions essential

Varicella: chickenpox 
strain

A�enuated Oka 
strain of varicella 
virus

All persons without evidence of 
varicella immunity, especially 
health care personnel, 
childbearing-age women, and 
persons with household or other 
contact with persons at high risk 
of complications of varicella (e.g., 
susceptible immunosuppressed 
persons)

Two 0.5-mL doses SC 4-8 wk 
apart for persons �13 yr

A second dose is 
recommended for all 
persons who previously 
received one dose

C: Immunocompromise
C: Pregnancy
C: Allergy to vaccine 

components
P: Moderate or severe acute 

illness

Adults with a history of 
prior clinician-
diagnosed or veri�ed 
varicella can be 
considered immune

Vaccine virus has rarely 
been transmi�ed to 
contacts from healthy 
vaccinees in whom 
rash developed

Women who receive 
vaccine should not 
become pregnant for 
1 mo

Varicella: zoster Inactivated 
recombinant 
subunit zoster 
vaccine with 
adjuvant (RZV)

1. RZV is recommended for the 
prevention of herpes zoster and 
related complications for 
immunocompetent adults age 
50 yr and older

2. RZV is recommended for the 
prevention of herpes zoster and 
related complications for 
immunocompetent adults who 
previously received zoster vaccine 
live (ZVL)

3. RZV is preferred over ZVL for the 
prevention of herpes zoster and 
related complications

Two 0.5 mL doses 2-6 mo 
apart

C: Allergy to vaccine 
components

P: Moderate or severe acute 
illness

P: Pregnancy
P: Active zoster disease

A�enuated Oka 
strain of varicella 
virus, �14-fold 
higher content 
than varicella 
vaccine (ZVL)

Persons �60 yr of age One 0.65-mL dose SC C: Immunocompromise
C: Pregnancy
C: Allergy to vaccine 

components
P: Moderate or severe acute 

illness

May be administered 
regardless of a prior 
history of shingles

Yellow fever Live a�enuated virus 
(17D strain)

Persons living or traveling in areas 
where yellow fever exists

One dose; booster every 10 yr 
for at-risk laboratory 
personnel and certain 
travelers (pregnant women, 
hematopoietic stem cell 
transplant recipients 
vaccinated before 
transplant, HIV-infected 
persons, and travelers who 
will be in a higher-risk 
se�ing based on season, 
location, activities, and 
duration of their travel, 
such as travelers who plan 
to spend a prolonged 
period in endemic areas or 
those traveling to highly 
endemic areas such as rural 
West Africa during peak 
transmission season or an 
area with an ongoing 
outbreak)

C: Immunocompromised 
persons

C: History of anaphylactic 
allergies to eggs

P: Pregnancy on theoretical 
grounds, although may be 
given if risk is high

P: Moderate or severe acute 
illness

Fever, jaundice, and 
multiple-organ system 
failure (viscerotropic 
disease) have been 
rarely reported in �rst-
time recipients of 
17D-derived yellow 
fever vaccinations

Vaccinate only persons 
traveling to areas 
endemic to yellow 
fever

TABLE 15�2	 SELECTED IMMUNIZING AGENTS INDICATED FOR ADULTS�cont�d

*See the text and package inserts for further details, particularly regarding indications, dosage, administration, side e�ects, and adverse reactions and contraindications.
ACIP � Advisory Commi�ee on Immunization Practices; GBS � Guillain-BarrØ syndrome; HBsAg � hepatitis B surface antigen; HBV � hepatitis B virus; HDCV � human diploid cell vaccine for rabies; HIV � 
human immunode�ciency virus; HPV � human papillomavirus; IM � intramuscularly; IPV � inactivated poliovirus vaccine; MMR � measles, mumps, and rubella vaccine; OPV � live trivalent oral poliovirus 
vaccine; PCECV � puri�ed chick embryo cell culture rabies vaccine; SC � subcutaneously.

in�uenza vaccination). A person may experience a more severe reaction to 
the vaccine than would have otherwise been expected; however, these risks 
are less than the risk expected with a contraindication. In most cases, vaccina-
tions should be deferred when a precaution is present. However, a vaccination 
may be indicated despite a precaution if the bene�t of protection from the 
vaccine outweighs the risk for an adverse reaction. For example, a dose of 
combined tetanus toxoid, reduced diphtheria toxoid, and acellular pertussis 
(Tdap) should be considered for a person in a community with a pertussis 
outbreak even if that person previously developed Guillain-BarrØ syndrome 
a�er a dose. �e presence of a moderate or severe acute illness with or without 
a fever is a precaution to administration of all vaccines.

�e egg protein contained in vaccines grown in chicken eggs (in�uenza 
and yellow fever vaccines) may cause reactions in persons severely allergic to 
eggs. Persons who have experienced only hives should receive in�uenza and 
yellow fever vaccines as recommended. Persons whose reactions to eggs include 
symptoms other than hives, such as angioedema, respiratory distress, light-
headedness, or recurrent emesis, or who required epinephrine or another 
emergency medical intervention, may similarly receive any licensed in�uenza 
vaccine that is otherwise appropriate for their age and health status.

If a person has a severe egg sensitivity or has a positive skin test to yellow 
fever vaccine, but the vaccination is recommended because of the travel 
destination-speci�c risk, desensitization can be performed under direct super-
vision of a physician experienced in the management of anaphylaxis. For such 
persons receiving in�uenza and/or yellow fever vaccines, the vaccines should 
be administered in an inpatient or outpatient medical se�ing (including but 
not necessarily limited to hospitals, clinics, health departments, and physicians� 
o�ces) and be supervised by a health care provider who is able to recognize 
and manage severe allergic conditions. Vaccine providers should consider 
observing patients for 15 minutes following administration of any vaccine to 
decrease the risk for injury should syncope occur. Although measles and mumps 
vaccines are grown in chick embryo tissue culture, the risk of anaphylaxis 
even in persons with severe hypersensitivity to eggs is low, so they can be 
vaccinated without prior skin testing.

 Adverse Reactions
No vaccine is completely safe. Adverse reactions fall into three general catego-
ries: local, systemic, and allergic, including anaphylactic. Local reactions are 
generally the most frequent but least severe. Systemic adverse reactions include 
fever, malaise, myalgias (muscle pain), headache, and loss of appetite. �ese 
symptoms, which are common and nonspeci�c, may occur in vaccinated 
persons because of the vaccine or because of something unrelated to the vaccine. 
Antipyretics should not be administered routinely before or at the time of 
vaccination because they may reduce the immune response, A1  but they can 
be used for the treatment of fever and local discomfort that may occur a�er 
vaccination. Anaphylactic allergic reactions, which are the least frequent but 
most severe of such reactions, may be caused by the vaccine antigen itself; by 
another component of the vaccine, such as the cell culture material, stabilizer 
(e.g., gelatin), preservative, or antibiotic used to inhibit bacterial growth; or 
by vaccine packaging content (i.e., latex). Life-threatening anaphylactic reac-
tions occur at a rate of about one per million doses.

Suspected adverse events temporally related to vaccinations should be 
reported to the Vaccine Adverse Event Reporting System (at www.vaers.hhs.gov). 
�e National Vaccine Injury Compensation Program was established in the 
1980s to compensate individuals who experience certain health events a�er 
vaccination on a �no-fault� basis. No-fault means that persons �ling claims are 
not required to prove negligence on the part of either the health care provider 
or manufacturer to receive compensation. �e program covers all routinely 
recommended childhood vaccinations, although adults who receive a covered 
vaccine may also �le a claim. Claims may be based on the Vaccine Injury Table 
(see h�ps://www.hrsa.gov/sites/default/�les/hrsa/vaccine-compensation/
vaccine-injury-table.pdf), which lists the adverse events associated with vac-
cines and is updated periodically.

 General Considerations
�e major group that makes comprehensive, detailed, evidence-based recom-
mendations regarding immunization of adults is the Advisory Commi�ee on 
Immunization Practices (ACIP) of the Centers for Disease Control and Pre-
vention, which publishes its information in Morbidity and Mortality Weekly 
Report (also available at h�p://www.cdc.gov/vaccines/schedules/hcp/
adult.html). Immunizations for adults depend on age, lifestyle, occupation, 
and medical conditions. Two adult immunization schedules are available, one 
based on age group (Fig. 15-1 and E-Table 15-2) and one based on underlying 

risk (Fig. 15-2, and see Table 15-2). Other vaccines recommended for travel 
and bioterrorism exposures are not included in these two �gures but are dis-
cussed later.

All adults who have not received a primary series of diphtheria-tetanus-
pertussis�containing vaccine as children should receive one dose of Tdap, 
followed by a second dose of tetanus and diphtheria toxoids (Td) 4 weeks 
later, a third Td dose 6 to 12 months later, and a Td booster every 10 years.1-3 
All adults (and especially health care personnel) who received a diphtheria-
tetanus-pertussis (DTaP) vaccine series as children should have a one-time 
dose of Tdap, followed by Td every 10 years. Persons born in or a�er 1957 
should have evidence of immunity to measles, mumps, and rubella (e.g., docu-
mentation of vaccination or presence of antibodies considered compatible 
with protection). Adults without evidence of immunity to varicella (docu-
mentation of age-appropriate vaccination with two doses of varicella vaccine; 
laboratory evidence of immunity or con�rmation of disease; birth in the United 
States before 1980, except for health care personnel, pregnant women, or 
immunocompromised persons; or diagnosis or veri�cation of a history of 
varicella or herpes zoster disease by a health care provider) should receive 
varicella vaccine. Adults 50 years and older should receive two doses of recom-
binant zoster subunit vaccine.

All women younger than 27 years and all men younger than 22 years should 
receive a human papillomavirus (HPV) vaccine series. All men ages 22 through 
26 years may be vaccinated. Men ages 22 through 26 years who have sex with 
men and/or who are immunocompromised (including human immunode�-
ciency [HIV] infection) should be vaccinated.

Pneumococcal polysaccharide vaccine (PPSV23) is indicated for all adults 
65 years and older and for younger adults with certain medical conditions that 
place them at high risk of complications (see Table 15-2). All adults aged 65 
years and older and persons 19 years and older with immunocompromising 
conditions (including chronic renal failure and nephrotic syndrome), func-
tional or anatomic asplenia, cerebrospinal �uid leaks, or cochlear implants 
should receive a single dose of pneumococcal conjugate vaccine, ideally before 
receiving pneumococcal polysaccharide vaccine. Adults 65 years and older 
should receive pneumococcal polysaccharide vaccine 1 year or more a�er 
receipt of pneumococcal conjugate vaccine. Adults with immunocompro-
mising conditions should also receive a dose of PPSV23 at least 8 weeks 
later. Immunocompromised adults who already received PPSV23 should still 
receive pneumococcal conjugate vaccine 1 year or more a�er the PPSV23 
dose; they should be revaccinated with PPSV23 once a�er pneumococcal 
conjugate vaccine when 5 years have passed since their �rst PPSV23 dose. �e 
conjugate vaccine has a 75% e�cacy for preventing invasive pneumococcal 
disease caused by vaccine-type serotypes and 45% e�cacy for preventing non-
bacteremic pneumococcal pneumonia caused by serotypes in the vaccine, but 
it does not prevent community-acquired pneumonia from any other causes. A2 

In�uenza vaccination is recommended annually for all persons 6 months 
of age or older, including all health care personnel. Health care workers 
exposed to blood or blood products should receive hepatitis B vaccine. 
Health care workers should also be immune to measles, mumps, rubella, and  
varicella.

 Immunocompromised Persons
Patients with conditions that compromise their immune systems�
immunode�ciency diseases, leukemia, lymphoma, and generalized malignant 
disease, and those who are immunosuppressed from therapy with corticoster-
oids, alkylating agents, antimetabolites, and radiation�generally should not 
receive live vaccines (E-Table 15-3). An exception is infection with HIV. Two 
doses of MMR vaccine are recommended for all persons aged 12 months and 
older who have HIV infection and do not have evidence of immunity to measles, 
rubella, and mumps and who are not severely immunosuppressed (i.e., a CD4 
percentage �15% and CD4� lymphocyte counts �200 cells/�L for �6 months 
for persons aged �5 years). Varicella vaccination (two doses, 3 months apart) 
may be considered in HIV-infected persons with CD4� T-lymphocyte counts 
above 200 cells/�L. Patients with leukemia in remission who have not been 
receiving any chemotherapy for at least 3 months may receive live virus vac-
cines. Short-course therapy (�2 weeks) with corticosteroids, alternate-day 
regimens with low to moderate doses of short-acting corticosteroids, and 
topical applications or tendon injections are not ordinarily contraindications 
to the administration of live vaccines.

Immunocompromised patients can receive inactivated vaccines and toxoids, 
although the e�cacy of such preparations may be diminished. Patients with 
known HIV infection should receive pneumococcal vaccine and annual in�u-
enza vaccination.
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in�uenza vaccination). A person may experience a more severe reaction to 
the vaccine than would have otherwise been expected; however, these risks 
are less than the risk expected with a contraindication. In most cases, vaccina-
tions should be deferred when a precaution is present. However, a vaccination 
may be indicated despite a precaution if the bene�t of protection from the 
vaccine outweighs the risk for an adverse reaction. For example, a dose of 
combined tetanus toxoid, reduced diphtheria toxoid, and acellular pertussis 
(Tdap) should be considered for a person in a community with a pertussis 
outbreak even if that person previously developed Guillain-BarrØ syndrome 
a�er a dose. �e presence of a moderate or severe acute illness with or without 
a fever is a precaution to administration of all vaccines.

�e egg protein contained in vaccines grown in chicken eggs (in�uenza 
and yellow fever vaccines) may cause reactions in persons severely allergic to 
eggs. Persons who have experienced only hives should receive in�uenza and 
yellow fever vaccines as recommended. Persons whose reactions to eggs include 
symptoms other than hives, such as angioedema, respiratory distress, light-
headedness, or recurrent emesis, or who required epinephrine or another 
emergency medical intervention, may similarly receive any licensed in�uenza 
vaccine that is otherwise appropriate for their age and health status.

If a person has a severe egg sensitivity or has a positive skin test to yellow 
fever vaccine, but the vaccination is recommended because of the travel 
destination-speci�c risk, desensitization can be performed under direct super-
vision of a physician experienced in the management of anaphylaxis. For such 
persons receiving in�uenza and/or yellow fever vaccines, the vaccines should 
be administered in an inpatient or outpatient medical se�ing (including but 
not necessarily limited to hospitals, clinics, health departments, and physicians� 
o�ces) and be supervised by a health care provider who is able to recognize 
and manage severe allergic conditions. Vaccine providers should consider 
observing patients for 15 minutes following administration of any vaccine to 
decrease the risk for injury should syncope occur. Although measles and mumps 
vaccines are grown in chick embryo tissue culture, the risk of anaphylaxis 
even in persons with severe hypersensitivity to eggs is low, so they can be 
vaccinated without prior skin testing.

 Adverse Reactions
No vaccine is completely safe. Adverse reactions fall into three general catego-
ries: local, systemic, and allergic, including anaphylactic. Local reactions are 
generally the most frequent but least severe. Systemic adverse reactions include 
fever, malaise, myalgias (muscle pain), headache, and loss of appetite. �ese 
symptoms, which are common and nonspeci�c, may occur in vaccinated 
persons because of the vaccine or because of something unrelated to the vaccine. 
Antipyretics should not be administered routinely before or at the time of 
vaccination because they may reduce the immune response, A1  but they can 
be used for the treatment of fever and local discomfort that may occur a�er 
vaccination. Anaphylactic allergic reactions, which are the least frequent but 
most severe of such reactions, may be caused by the vaccine antigen itself; by 
another component of the vaccine, such as the cell culture material, stabilizer 
(e.g., gelatin), preservative, or antibiotic used to inhibit bacterial growth; or 
by vaccine packaging content (i.e., latex). Life-threatening anaphylactic reac-
tions occur at a rate of about one per million doses.

Suspected adverse events temporally related to vaccinations should be 
reported to the Vaccine Adverse Event Reporting System (at www.vaers.hhs.gov). 
�e National Vaccine Injury Compensation Program was established in the 
1980s to compensate individuals who experience certain health events a�er 
vaccination on a �no-fault� basis. No-fault means that persons �ling claims are 
not required to prove negligence on the part of either the health care provider 
or manufacturer to receive compensation. �e program covers all routinely 
recommended childhood vaccinations, although adults who receive a covered 
vaccine may also �le a claim. Claims may be based on the Vaccine Injury Table 
(see h�ps://www.hrsa.gov/sites/default/�les/hrsa/vaccine-compensation/
vaccine-injury-table.pdf), which lists the adverse events associated with vac-
cines and is updated periodically.

 General Considerations
�e major group that makes comprehensive, detailed, evidence-based recom-
mendations regarding immunization of adults is the Advisory Commi�ee on 
Immunization Practices (ACIP) of the Centers for Disease Control and Pre-
vention, which publishes its information in Morbidity and Mortality Weekly 
Report (also available at h�p://www.cdc.gov/vaccines/schedules/hcp/
adult.html). Immunizations for adults depend on age, lifestyle, occupation, 
and medical conditions. Two adult immunization schedules are available, one 
based on age group (Fig. 15-1 and E-Table 15-2) and one based on underlying 

risk (Fig. 15-2, and see Table 15-2). Other vaccines recommended for travel 
and bioterrorism exposures are not included in these two �gures but are dis-
cussed later.

All adults who have not received a primary series of diphtheria-tetanus-
pertussis�containing vaccine as children should receive one dose of Tdap, 
followed by a second dose of tetanus and diphtheria toxoids (Td) 4 weeks 
later, a third Td dose 6 to 12 months later, and a Td booster every 10 years.1-3 
All adults (and especially health care personnel) who received a diphtheria-
tetanus-pertussis (DTaP) vaccine series as children should have a one-time 
dose of Tdap, followed by Td every 10 years. Persons born in or a�er 1957 
should have evidence of immunity to measles, mumps, and rubella (e.g., docu-
mentation of vaccination or presence of antibodies considered compatible 
with protection). Adults without evidence of immunity to varicella (docu-
mentation of age-appropriate vaccination with two doses of varicella vaccine; 
laboratory evidence of immunity or con�rmation of disease; birth in the United 
States before 1980, except for health care personnel, pregnant women, or 
immunocompromised persons; or diagnosis or veri�cation of a history of 
varicella or herpes zoster disease by a health care provider) should receive 
varicella vaccine. Adults 50 years and older should receive two doses of recom-
binant zoster subunit vaccine.

All women younger than 27 years and all men younger than 22 years should 
receive a human papillomavirus (HPV) vaccine series. All men ages 22 through 
26 years may be vaccinated. Men ages 22 through 26 years who have sex with 
men and/or who are immunocompromised (including human immunode�-
ciency [HIV] infection) should be vaccinated.

Pneumococcal polysaccharide vaccine (PPSV23) is indicated for all adults 
65 years and older and for younger adults with certain medical conditions that 
place them at high risk of complications (see Table 15-2). All adults aged 65 
years and older and persons 19 years and older with immunocompromising 
conditions (including chronic renal failure and nephrotic syndrome), func-
tional or anatomic asplenia, cerebrospinal �uid leaks, or cochlear implants 
should receive a single dose of pneumococcal conjugate vaccine, ideally before 
receiving pneumococcal polysaccharide vaccine. Adults 65 years and older 
should receive pneumococcal polysaccharide vaccine 1 year or more a�er 
receipt of pneumococcal conjugate vaccine. Adults with immunocompro-
mising conditions should also receive a dose of PPSV23 at least 8 weeks 
later. Immunocompromised adults who already received PPSV23 should still 
receive pneumococcal conjugate vaccine 1 year or more a�er the PPSV23 
dose; they should be revaccinated with PPSV23 once a�er pneumococcal 
conjugate vaccine when 5 years have passed since their �rst PPSV23 dose. �e 
conjugate vaccine has a 75% e�cacy for preventing invasive pneumococcal 
disease caused by vaccine-type serotypes and 45% e�cacy for preventing non-
bacteremic pneumococcal pneumonia caused by serotypes in the vaccine, but 
it does not prevent community-acquired pneumonia from any other causes. A2 

In�uenza vaccination is recommended annually for all persons 6 months 
of age or older, including all health care personnel. Health care workers 
exposed to blood or blood products should receive hepatitis B vaccine. 
Health care workers should also be immune to measles, mumps, rubella, and  
varicella.

 Immunocompromised Persons
Patients with conditions that compromise their immune systems�
immunode�ciency diseases, leukemia, lymphoma, and generalized malignant 
disease, and those who are immunosuppressed from therapy with corticoster-
oids, alkylating agents, antimetabolites, and radiation�generally should not 
receive live vaccines (E-Table 15-3). An exception is infection with HIV. Two 
doses of MMR vaccine are recommended for all persons aged 12 months and 
older who have HIV infection and do not have evidence of immunity to measles, 
rubella, and mumps and who are not severely immunosuppressed (i.e., a CD4 
percentage �15% and CD4� lymphocyte counts �200 cells/�L for �6 months 
for persons aged �5 years). Varicella vaccination (two doses, 3 months apart) 
may be considered in HIV-infected persons with CD4� T-lymphocyte counts 
above 200 cells/�L. Patients with leukemia in remission who have not been 
receiving any chemotherapy for at least 3 months may receive live virus vac-
cines. Short-course therapy (�2 weeks) with corticosteroids, alternate-day 
regimens with low to moderate doses of short-acting corticosteroids, and 
topical applications or tendon injections are not ordinarily contraindications 
to the administration of live vaccines.

Immunocompromised patients can receive inactivated vaccines and toxoids, 
although the e�cacy of such preparations may be diminished. Patients with 
known HIV infection should receive pneumococcal vaccine and annual in�u-
enza vaccination.
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Adverse Events
�e most common adverse reaction is soreness at the injection site. Rare 
instances of Guillain-BarrØ syndrome, leukoencephalitis, optic neuritis, trans-
verse myelitis, rheumatoid arthritis, type 1 diabetes, and autoimmune disease 
have been reported, but causal associations have not been con�rmed with 
any systemic immune complications.

 Human Papillomavirus
�ree licensed HPV vaccines contain the L1 capsid protein of types 16 and 
18, which account for about 70% of cases of cervical cancer. �ese vaccines 
have reduced the incidence of vaccine-type HPV infection, A3  as well as the 
risk of cervical intraepithelial neoplasia. A4  Two of these vaccines, bivalent and 
quadrivalent, remain licensed but are no longer available in the United States. 
�e nine-valent vaccine (9vHPV) contains the L1 capsid protein of types 6 
and 11 that are the most common causes of anogenital warts. �e 9vHPV 
also contains L1 capsid proteins of types 31, 33, 45, 52, and 58, which cause 
an additional 15% of cervical cancers.

Indications
Routine vaccination of 11- to 12-year-old girls and boys is recommended in 
a two-dose schedule at 0 and 6 to 12 months if initiating vaccination before 
15 years of age and a three-dose schedule at 0, 1 to 2, and 6 months for 
those beginning vaccination at 15 years or older or who are immunosup-
pressed.5 Vaccine can be given persons as young as age 9 years. Catch-up 
vaccination should be undertaken for females through 26 years of age, all 
males through 21 years of age, and immunocompromised males and men who 

older than 1 year exceed 95%, and protection is expected to persist for at least 
25 years.

Indications
For adults, the vaccine is indicated primarily for persons traveling to countries 
(generally those in the developing world) with high or intermediate endemic-
ity for hepatitis A, but it is also recommended for other groups at high risk 
for infection or for development of severe hepatitis. In addition, vaccine is 
routinely recommended for children 12 to 23 months of age. Vaccination also 
is recommended for persons aged 1 to 40 years for postexposure prophylaxis 
a�er close contact with an infected person or exposure to a contaminated 
food or water source. Health care workers have not been shown to be at higher 
risk than the general population for hepatitis A and do not need routine immu-
nization. Although food handlers are not at increased risk for hepatitis A 
compared with the general population, the consequences of infection or sus-
pected infection in this group, which can lead to extensive public health inves-
tigations, may make vaccination cost-e�ective in some se�ings. Doses vary 
by age and product. All schedules call for a second dose at least 6 months 
a�er the �rst dose.

Adverse Events
�e most common adverse reaction a�er hepatitis A vaccination is tenderness 
and soreness at the injection site. Although rare and more serious adverse 
events have been reported in temporal association with vaccination, no causal 
relationships have been established.

 Hepatitis B
Hepatitis B (Chapter 139) vaccine was the �rst vaccine known to prevent 
cancer. It also can prevent acute and chronic complications of hepatitis B, 

 Pregnancy
In general, live vaccines should not be given to pregnant women because of 
the theoretical concern that the vaccines could adversely a�ect the fetus (see 
E-Table 15-3). No signi�cant adverse events have been documented as a�rib-
utable to vaccination of pregnant women with rubella-containing or varicella 
vaccines; nevertheless, pregnant women should not receive MMR or varicella 
vaccine, and women who do receive these vaccines should wait 1 month before 
becoming pregnant. Poliomyelitis and yellow fever vaccines usually should 
not be given to pregnant women unless the risk of disease is substantial. Tdap 
vaccination is indicated for pregnant women during each pregnancy, preferably 
early in the period between 27 and 36 weeks of gestation, to prevent pertussis 
in their infants and themselves. �e safety of hepatitis A vaccination during 
pregnancy has not been determined, so the risk should be weighed against 
the bene�t. All pregnant women should be screened for hepatitis B surface 
antigen (HBsAg). If HBsAg is positive, their children should receive hepatitis 
B vaccine and hepatitis B immune globulin within 12 hours of birth. All women 
who are or will be pregnant during the in�uenza season should receive inac-
tivated in�uenza vaccine to protect themselves and their babies.

  INDIVIDUAL IMMUNOBIOLOGICS
Immunobiologics for adults lacking evidence of prior infection, immunity, or 
documented vaccination, either recommended for all adults at a certain age 
or because of one or more risk factors (health condition, lifestyle, occupation, 
or other indication), are discussed in the following section.

 Hepatitis A
Two inactivated hepatitis A (Chapter 139) vaccines are available in the United 
States. Seroconversion rates a�er a single dose of either vaccine in persons 
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Influenza1

Tdap2 or Td2

MMR3

VAR4

RZV5 (preferred)
or

ZVL5

HPV–Female6

HPV–Male6

PCV137

PPSV237

HepA8

HepB9

MenACWY10

MenB10

Hib11

1 dose annually

1 dose Tdap, then Td booster every 10 yrs

1 or 2 doses depending on indication (if born in 1957 or later)

2 doses

2 doses RZV (preferred)
or

1 dose ZVL

2 or 3 doses depending on age at series initiation

2 or 3 doses depending on age at series initiation

1 dose

1 dose1 or 2 doses depending on indication

2 or 3 doses depending on vaccine

3 doses

1 or 2 doses depending on indication, then booster every 5 yrs if risk remains

2 or 3 doses depending on vaccine

1 or 3 doses depending on indication

Recommended for adults who meet the
age requirement, lack documentation of
vaccination, or lack evidence of past infection

Recommended for adults with other
indications No recommendation

FIGURE 15�1.  Recommended adult immunization schedule by vaccine and age group, United States, 2018. See E-Table 15-2 for footnotes. (Adapted from http://www.cdc.gov/vaccines/
schedules/downloads/adult/adult-combined-schedule.pdf.)
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Adverse Events
�e most common adverse reaction is soreness at the injection site. Rare 
instances of Guillain-BarrØ syndrome, leukoencephalitis, optic neuritis, trans-
verse myelitis, rheumatoid arthritis, type 1 diabetes, and autoimmune disease 
have been reported, but causal associations have not been con�rmed with 
any systemic immune complications.

 Human Papillomavirus
�ree licensed HPV vaccines contain the L1 capsid protein of types 16 and 
18, which account for about 70% of cases of cervical cancer. �ese vaccines 
have reduced the incidence of vaccine-type HPV infection, A3  as well as the 
risk of cervical intraepithelial neoplasia. A4  Two of these vaccines, bivalent and 
quadrivalent, remain licensed but are no longer available in the United States. 
�e nine-valent vaccine (9vHPV) contains the L1 capsid protein of types 6 
and 11 that are the most common causes of anogenital warts. �e 9vHPV 
also contains L1 capsid proteins of types 31, 33, 45, 52, and 58, which cause 
an additional 15% of cervical cancers.

Indications
Routine vaccination of 11- to 12-year-old girls and boys is recommended in 
a two-dose schedule at 0 and 6 to 12 months if initiating vaccination before 
15 years of age and a three-dose schedule at 0, 1 to 2, and 6 months for 
those beginning vaccination at 15 years or older or who are immunosup-
pressed.5 Vaccine can be given persons as young as age 9 years. Catch-up 
vaccination should be undertaken for females through 26 years of age, all 
males through 21 years of age, and immunocompromised males and men who 

including an estimated 1800 deaths annually in the United States from liver 
cancer, cirrhosis, and fulminant hepatic disease. Currently produced vaccines 
are derived from insertion of the gene for HBsAg into Saccharomyces cerevisiae. 
When it is administered in a three-dose series, hepatitis B vaccine produces 
adequate antibody responses (anti-HBs �10 IU/L) in more than 90% of healthy 
adults younger than 40 years and in more than 95% of normal infants, children, 
and adolescents. By age 60 years, protective levels of antibody develop in only 
75% of vaccinated persons. A new adjuvanted hepatitis B vaccine was licensed 
in 2017. It consists of recombinant HBsAg, produced in yeast cells (Hansenula 
polymorpha) combined with a novel cytosine phosphoguanine (CpG)�enriched 
oligodeoxynucleotide (ODN) phosphorothioate immunostimulatory adjuvant 
(CpG 1018 adjuvant). It is administered in a two-dose series, 1 month apart. 
�e duration of vaccine-conferred immunity is not known, although follow-up 
of vaccinees for more than 20 years indicates persistence of protection against 
clinically signi�cant infections (i.e., detectable viremia and clinical disease). 
Booster doses are not currently recommended. Vaccine must be injected 
intramuscularly in the deltoid.

Indications
Hepatitis B vaccine is indicated for adults at increased risk of infection (see 
Fig. 15-1 and E-Table 15-1),4 including all persons 19 through 59 years of age 
with diabetes. Vaccination may be o�ered at the physician�s discretion to persons 
60 years of age or older with diabetes. Universal screening for HBsAg is rec-
ommended for all pregnant women; three doses of vaccine and one dose of 
hepatitis B immune globulin are recommended for infants of acutely or chroni-
cally infected mothers.
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Contraindicated

Contraindicated

3 doses through age 26 yrs

1 dose ZVL at age �60 yrs

2 or 3 doses through age 26 yrs

2 or 3 doses through age 21 yrs
2 or 3 doses
through age

26 yrs

1, 2, or 3 doses depending on indication

2 or 3 doses depending on vaccine

3 doses

1 or 2 doses depending on indication, then booster every 5 yrs if risk remains

2 or 3 doses depending on vaccine

3 doses HSCT
recipients only

Contraindicated

FIGURE 15�2.  Recommended adult immunization schedule by vaccine and medical and other indications, United States, 2018. See E-Table 15-2 for footnotes. (Adapted from http://
www.cdc.gov/vaccines/schedules/downloads/adult/adult-combined-schedule.pdf.)
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previously vaccinated adolescents and adults, induce serologic responses that 
are comparable to those induced with e�ective childhood vaccination.

Indications
A single dose of Tdap is indicated for all adolescents at 11 to 12 years of age. 
Older adolescents and adults who have not received Tdap should get it instead 
of their next scheduled Td booster. Tdap can be given at any interval a�er a 
prior Td. All pregnant women should receive one dose of Tdap vaccine during 
each pregnancy, optimally early in the period between 27 and 36 weeks of 
gestation to maximize maternal antibody response and passive antibody transfer 
to the infant. If they have not been vaccinated during pregnancy, women 
should receive Tdap postpartum if they have never previously been vaccinated 
with it. With the exception of pregnant women, booster doses of Tdap are 
not recommended.

Adverse Events
Adverse events, usually local reactions, are similar to the adult preparation of Td 
alone compared with Tdap vaccine (see tetanus and diphtheria section later).

 Pneumococcal Disease
Two pneumococcal vaccines are available for adults. Pneumococcal poly-
saccharide vaccine (PPSV23) consists of puri�ed polysaccharide capsular 
antigens from the 23 types of Streptococcus pneumoniae that are responsible 
for 85 to 90% of the bacteremic disease in the United States (Chapter 273). 
Most adults, including elderly patients and those with alcoholic cirrhosis and 
diabetes mellitus, have a two-fold or greater rise in type-speci�c antibodies 
within 2 to 3 weeks of vaccination. Vaccination is approximately 60% e�ective 
against invasive pneumococcal disease, but its e�cacy against pneumonia in 
high-risk populations, such as patients with alcoholic cirrhosis or Hodgkin 
disease, is not clear. A5 

Pneumococcal conjugate vaccine (PCV13), licensed in 2011 for adults aged 
50 years and older, should be administered once to eligible adults because it 
is expected to add protection to that o�ered by PPSV23. Ideally, PCV13 should 
precede PPSV23 by at least 8 weeks in immunocompromised persons over 
age 19 years and by at least 1 year in persons who are age 65 years or older 
and are not immunocompromised; if PPSV23 is administered �rst, an interval 
of 1 year should elapse before PCV13 is administered.

Indications
�e preponderance of information supports the use of pneumococcal vaccines 
in high-risk populations, including all persons 65 years and older, persons 19 
years or older who smoke cigare�es, and patients with asthma. Special e�orts 
should target hospitalized patients. Approximately two thirds of patients who 
are admi�ed later with pneumococcal disease had been hospitalized for other 
reasons within the preceding 5 years. �e newer PCV13 vaccine is recom-
mended for all adults age 65 and older and for adults 19 years of age and older 
with immunocompromising conditions, functional or anatomic asplenia, 
cerebrospinal �uid leaks, or cochlear implants.

Because immunity may decrease 5 years or more a�er initial vaccination 
with PPSV23, a single booster dose of PPSV23 should be considered at that 
time for adults at highest risk of disease (such as asplenic patients) and for 
adults who lose antibody rapidly (such as patients with nephrotic syndrome 
or renal failure). Persons 65 years or older who received a dose more than 5 
years earlier when they were younger than 65 years also should be revaccinated. 
Because of the rarity of severe reactions in revaccinated patients, persons with 
indications for vaccination but with unknown histories of prior vaccination 
should be vaccinated.

Adverse Events
Local reactions to PPSV23 are frequent, but less than 1% of vaccinees experi-
ence severe local reactions or systemic symptoms such as fever and malaise. 
Severe events, such as anaphylaxis or Arthus-like reactions at the site of injec-
tion, are rare. PCV13 reactions include pain, redness, and swelling at the 
injection site; limitation of movement of the injected arm; fatigue; and 
headache.

 Poliomyelitis
Since 2000, inactivated poliovirus vaccine (IPV) has replaced the live a�enu-
ated oral poliovirus vaccine (OPV) in the United States because OPV vaccine 
caused about eight to nine polio cases per year in the United States among 
recipients or their contacts (Chapter 355). Trivalent OPV containing types 

persistent complement component de�ciencies, splenic dysfunction, asplenia, 
or HIV infection), revaccination is recommended every 5 years.

MenACWY can be used for persons 2 months to 10 years of age with high-
risk conditions but is not recommended routinely for this age group.

MenB vaccines are recommended for similar high risk persons 10 years 
and older as MenACWY: persons with persistent complement component 
de�ciencies (including inherited or chronic de�ciencies in C3, C5 to C9, 
properdin, factor D, factor H, or who are taking eculizumab (Soliris); anatomic 
or functional asplenia; microbiologists routinely exposed to isolates of N. 
meningitidis; and those at increased risk because of a serogroup B meningococ-
cal disease outbreak. MenB vaccines are not recommended routinely for �rst 
year college students in residence halls, military recruits, or international 
travelers. At present there are no recommendations for revaccination. A MenB 
vaccine series may be administered to adolescents and young adults aged 16 
to 23 years to provide short-term protection against most strains of serogroup 
B meningococcal disease. �e preferred age for MenB vaccination is 16 to 18 
years. �e current low prevalence of disease, coupled with lack of data for 
making policy recommendations for MenB vaccines, resulted in ACIP�s deter-
mining insu�cient evidence exists to make a routine public health recom-
mendation that all adolescents be vaccinated with MenB vaccine. Given the 
seriousness of meningococcal disease and the availability of licensed vaccines, 
ACIP agreed su�cient evidence exists to encourage individual clinical deci-
sion making about MenB vaccination for non�high-risk adolescents and young 
adults.

Adverse Events
�e most common adverse reactions to MenACWY are injection site reactions 
and systemic symptoms, such as headache and malaise, which generally persist 
for 1 or 2 days. An excess risk of Guillain-BarrØ syndrome was initially reported 
a�er MenACWY vaccines but has not been con�rmed in subsequent studies.

Injection site reactions are common with MenB vaccines. �e most common 
systemic adverse reactions observed within the 7 days a�er receipt of MenB 
vaccines are fatigue, headache, and myalgia.

 Mumps
Indications
Mumps (Chapter 345) vaccine is indicated for all persons without evidence 
of immunity. For most adults, such evidence consists of a prior history of 
vaccination on or a�er the �rst birthday, laboratory evidence of immunity, or 
laboratory con�rmation of disease. For adults at high risk, including health 
care workers, international travelers, and students at post�high school edu-
cational institutions, two doses of mumps vaccine constitute acceptable evidence 
of immunity. Most persons born before 1957 can be considered immune as 
a result of natural infection, although vaccination is not contraindicated if 
such persons are thought to be susceptible. Persons who were previously vac-
cinated with two doses of a mumps-containing vaccine and who are identi�ed 
by public health as at increased risk for mumps because of a mumps outbreak 
should receive a third dose of a mumps-containing vaccine to improve protec-
tion against mumps disease and related complications.

Mumps vaccine is contraindicated for pregnant women on theoretical 
grounds, for persons with moderate to severe acute febrile illnesses, and for 
persons with altered immunocompetence. When it is combined with measles 
vaccine, it may be given to persons with asymptomatic HIV infection and 
considered for persons with symptomatic infection if they are not severely 
immunocompromised. Patients with anaphylactic reactions to eggs can be 
vaccinated without skin testing.

Adverse Events
Adverse events a�er the vaccine strain used in the United States are uncom-
mon but include fever, parotitis, and allergic reactions. �rombocytopenic 
purpura has been reported rarely a�er MMR.

 Pertussis
Each of the two vaccines licensed for boosting immunity to pertussis in adults 
is combined with Tdap, and they have a lower content of pertussis antigens 
compared with the childhood pertussis-containing vaccines (DTaP). Boostrix 
(GlaxoSmithKline), which is licensed for adolescents and adults 10 years of 
age and older, contains three pertussis antigens�toxoid (PT), �lamentous 
hemagglutinin (FHA), and pertactin (PRN). Adacel (Sano� Pasteur), which 
is licensed for 10 through 64 year olds, contains �ve pertussis antigens: PT, 
FHA, PRN, and two �mbriae. Both vaccines, when they are administered to 

 Measles
Indications
Measles (Chapter 343) immunization is recommended for all persons born 
in or a�er 1957 without laboratory evidence of immunity, laboratory con�r-
mation of prior disease, or prior appropriate vaccination. Children should 
routinely receive two doses of MMR vaccine�one at 12 to 15 months of age 
and one at 4 to 6 years of age. Most adults are considered to have been appro-
priately vaccinated if they received one dose of vaccine on or a�er their �rst 
birthday. However, adults who are at increased risk of exposure to measles or 
transmission of it (e.g., health care workers, college students, international 
travelers) should receive a second dose if they did not get a second dose as 
children, unless they have serologically documented immunity, have labora-
tory con�rmation of disease, or were born before 1957. Persons embarking 
on foreign travel should have received two doses of MMR vaccine or have 
other evidence of measles immunity as de�ned before. Persons born before 
1957 are usually immune as a result of natural infection and do not require 
vaccination, although vaccination is not contraindicated if they are believed 
to be susceptible.

During institutional outbreaks of measles, all persons who have not received 
two doses or who lack other evidence of measles immunity should be vac-
cinated. Although measles vaccine can be administered only with mumps and 
rubella as MMR, individuals already immune to one or more of the compo-
nents may receive MMR without harm.

Measles vaccine is contraindicated for pregnant women on theoretical 
grounds, for persons with moderate to severe acute febrile illnesses, and for 
persons with altered immunocompetence, except those with HIV infection 
who are not severely immunocompromised. Patients with anaphylactic reac-
tions to eggs can be vaccinated without prior skin testing.

Adverse Events
MMR vaccine can cause fever (�15%), rash (5%), transient lymphadenopathy 
(20%), or parotitis (�1%). Febrile reactions, which usually are otherwise 
asymptomatic, generally occur 7 to 12 days a�er vaccination and persist for 
1 or 2 days. MMR vaccination can rarely cause anaphylaxis, febrile seizures in 
children, thrombocytopenic purpura, transient arthralgia, and measles inclu-
sion body encephalitis in persons with demonstrated immunode�ciencies.

 Meningococcal Disease
Two quadrivalent meningococcal vaccines are available against disease caused 
by serogroups A, C, Y, and W135. One conjugate vaccine consists of 4 �g of 
each polysaccharide covalently linked to 48 �g of diphtheria toxoid and licensed 
for persons 9 months to 55 years of age. �e other conjugate vaccine consists 
of polysaccharide linked to CRM197 and is licensed for persons 2 months to 
55 years of age. �e four serogroups in each vaccine account for approximately 
two thirds of meningococcal disease in the United States and about 75% of 
the disease in persons 11 years of age or older (Chapter 282). Conjugate 
vaccines induce immunologic memory, result in higher and more durable 
levels of high-avidity antibodies, and induce herd immunity. �e duration of 
immunity for MenACWY is estimated at between 3 and 5 years.

Two recombinant meningococcal serogroup B vaccines were recently licensed 
in the United States for persons 10 through 25 years of age. One vaccine 
(MenB-4C) contains three serogroup B proteins, and the other (MenB-FHbp) 
contains two di�erent serogroup B proteins. Because of the low incidence of 
serogroup B meningococcal disease, evidence of vaccine e�ectiveness was 
inferred based on demonstration of immune response, as measured by serum 
bactericidal activity using human complement, against a small number of 
serogroup B strains.

Indications
Routine vaccination with MenACWY is recommended for all adolescents at 
11 through 18 years of age, with a �rst dose administered at age 11 or 12 years 
and revaccination at age 16 years, or a �rst dose between 13 and 15 years and 
revaccination at age 16 to 18 years. Meningococcal vaccination once is also 
recommended for college freshmen who have not previously been vaccinated 
and will live in dormitories, military recruits, persons at risk during a com-
munity outbreak a�ributable to a vaccine serogroup, and persons who travel 
to or live in areas with hyperendemic or epidemic disease (e.g., the �meningitis 
belt� of sub-Saharan Africa, stretching from Mauritania to Ethiopia). For some 
persons at very high risk of meningococcal disease (e.g., microbiologists with 
frequent exposure to Neisseria meningitidis in culture and persons with 

have sex with men through age 26 years. Catch-up vaccination may also be 
considered for other men 22 to 26 years of age. Women with a prior abnor-
mal Papanicolaou smear and persons with genital warts should be vaccinated 
to prevent persistent infection with types of HPV they may not yet have  
acquired. �e Food and Drug Administration has approved the current HPV 
vaccine for use in adults ages 27 to 45 years, but the CDC has not yet issued 
a recommendation for its use in this age group.

Adverse Events
�e most commonly reported local symptoms are injection site pain, redness, 
and swelling. �e most common generalized symptoms are dizziness, syncope, 
nausea, vomiting, fatigue, headache, fever, and urticaria.

 In�uenza
In�uenza vaccines for seasonal in�uenza include intramuscular and intradermal 
inactivated in�uenza vaccine, which may contain three or four in�uenza split 
or subvirion virus types�A(H3N2), A(H1N1), and one or two B strains�
and intranasal live a�enuated in�uenza vaccine. Live a�enuated vaccine (LAIV), 
which consists of four cold-adapted, temperature-sensitive a�enuated viruses, 
one for each of the expected circulating strains, uses viruses that have been 
reassorted with circulating strains to contain six internal genes from the parent 
virus and genes for the surface hemagglutinin and neuraminidase of an 
A(H3N2), A(H1N1), and two B strains. Given the variable e�ectiveness of 
the live vaccine in the United States in recent years, its future utility is uncertain 
and will need to be reassessed going forward.6

Indications
Annual in�uenza (Chapter 340) vaccination is indicated for everyone 6 months 
of age and older, but especially persons at high risk of complications from the 
disease: all children aged 6 through 59 months; all persons aged 50 years and 
older; adults and children who have chronic pulmonary, cardiovascular, renal, 
hepatic, neurologic, hematologic, or metabolic disorders; persons who are 
immunosuppressed; women who are or will be pregnant during the in�uenza 
season; children and adolescents who are receiving long-term aspirin therapy 
and who might be at risk for experiencing Reye syndrome a�er in�uenza 
virus infection; residents of long-term care facilities; American Indians or 
Alaska Natives; and persons who are morbidly obese. To reduce transmis-
sion of in�uenza to high-risk patients, health care personnel and household 
contacts of high-risk patients, including contacts of children younger than 5 
years, also should be vaccinated annually. Providers should o�er vaccination 
by the end of October, if possible. Vaccination levels are still low in most 
adult populations in the United States and require more aggressive vaccination  
e�orts.7

�e e�cacy of inactivated in�uenza vaccine varies with the host�s condition 
and the degree to which antigens in the vaccine match viruses that circulate 
during the following season.8 Provided the match is good, the vaccine�s e�-
cacy is estimated to be between 50% and 67% for healthy adults younger 
than 65 years. E�ectiveness varies but averages about 60% in preventing 
laboratory-con�rmed outpatient illness in persons 50 years and older but 
is only about 35% in the institutionalized elderly. Live a�enuated vaccine is 
licensed only for nonpregnant persons aged 2 through 49 years without under-
lying conditions that place them at high risk of complications from in�uenza. 
LAIV may be used for appropriately aged contacts of high-risk persons but 
is generally not recommended for contacts of severely immunosuppressed 
patients, such as patients with bone marrow transplants. Live a�enuated 
vaccine had been more than 85% e�ective in young children. In healthy adults, 
live a�enuated vaccine and inactivated in�uenza vaccine had been similarly  
e�ective.

In�uenza vaccination also reduces cardiovascular events. Vaccination e�orts 
should begin as soon as the vaccine becomes available, usually by October, 
and should continue throughout the season. Peak in�uenza activity usually 
recurs in January or February, and in�uenza season continues through March.

Adverse Events
�e most common side e�ect of inactivated vaccine is soreness at the injection 
site. Fever, malaise, and myalgia may begin 6 to 12 hours a�er vaccination 
and persist for 1 or 2 days, although such reactions are most common in 
children exposed to vaccine for the �rst time. �e most common adverse 
events a�er live a�enuated in�uenza vaccine in adults are runny nose, headache, 
and sore throat. Guillain-BarrØ syndrome may occur at a rate of about one 
case per 1 million doses.
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previously vaccinated adolescents and adults, induce serologic responses that 
are comparable to those induced with e�ective childhood vaccination.

Indications
A single dose of Tdap is indicated for all adolescents at 11 to 12 years of age. 
Older adolescents and adults who have not received Tdap should get it instead 
of their next scheduled Td booster. Tdap can be given at any interval a�er a 
prior Td. All pregnant women should receive one dose of Tdap vaccine during 
each pregnancy, optimally early in the period between 27 and 36 weeks of 
gestation to maximize maternal antibody response and passive antibody transfer 
to the infant. If they have not been vaccinated during pregnancy, women 
should receive Tdap postpartum if they have never previously been vaccinated 
with it. With the exception of pregnant women, booster doses of Tdap are 
not recommended.

Adverse Events
Adverse events, usually local reactions, are similar to the adult preparation of Td 
alone compared with Tdap vaccine (see tetanus and diphtheria section later).

 Pneumococcal Disease
Two pneumococcal vaccines are available for adults. Pneumococcal poly-
saccharide vaccine (PPSV23) consists of puri�ed polysaccharide capsular 
antigens from the 23 types of Streptococcus pneumoniae that are responsible 
for 85 to 90% of the bacteremic disease in the United States (Chapter 273). 
Most adults, including elderly patients and those with alcoholic cirrhosis and 
diabetes mellitus, have a two-fold or greater rise in type-speci�c antibodies 
within 2 to 3 weeks of vaccination. Vaccination is approximately 60% e�ective 
against invasive pneumococcal disease, but its e�cacy against pneumonia in 
high-risk populations, such as patients with alcoholic cirrhosis or Hodgkin 
disease, is not clear. A5 

Pneumococcal conjugate vaccine (PCV13), licensed in 2011 for adults aged 
50 years and older, should be administered once to eligible adults because it 
is expected to add protection to that o�ered by PPSV23. Ideally, PCV13 should 
precede PPSV23 by at least 8 weeks in immunocompromised persons over 
age 19 years and by at least 1 year in persons who are age 65 years or older 
and are not immunocompromised; if PPSV23 is administered �rst, an interval 
of 1 year should elapse before PCV13 is administered.

Indications
�e preponderance of information supports the use of pneumococcal vaccines 
in high-risk populations, including all persons 65 years and older, persons 19 
years or older who smoke cigare�es, and patients with asthma. Special e�orts 
should target hospitalized patients. Approximately two thirds of patients who 
are admi�ed later with pneumococcal disease had been hospitalized for other 
reasons within the preceding 5 years. �e newer PCV13 vaccine is recom-
mended for all adults age 65 and older and for adults 19 years of age and older 
with immunocompromising conditions, functional or anatomic asplenia, 
cerebrospinal �uid leaks, or cochlear implants.

Because immunity may decrease 5 years or more a�er initial vaccination 
with PPSV23, a single booster dose of PPSV23 should be considered at that 
time for adults at highest risk of disease (such as asplenic patients) and for 
adults who lose antibody rapidly (such as patients with nephrotic syndrome 
or renal failure). Persons 65 years or older who received a dose more than 5 
years earlier when they were younger than 65 years also should be revaccinated. 
Because of the rarity of severe reactions in revaccinated patients, persons with 
indications for vaccination but with unknown histories of prior vaccination 
should be vaccinated.

Adverse Events
Local reactions to PPSV23 are frequent, but less than 1% of vaccinees experi-
ence severe local reactions or systemic symptoms such as fever and malaise. 
Severe events, such as anaphylaxis or Arthus-like reactions at the site of injec-
tion, are rare. PCV13 reactions include pain, redness, and swelling at the 
injection site; limitation of movement of the injected arm; fatigue; and 
headache.

 Poliomyelitis
Since 2000, inactivated poliovirus vaccine (IPV) has replaced the live a�enu-
ated oral poliovirus vaccine (OPV) in the United States because OPV vaccine 
caused about eight to nine polio cases per year in the United States among 
recipients or their contacts (Chapter 355). Trivalent OPV containing types 

persistent complement component de�ciencies, splenic dysfunction, asplenia, 
or HIV infection), revaccination is recommended every 5 years.

MenACWY can be used for persons 2 months to 10 years of age with high-
risk conditions but is not recommended routinely for this age group.

MenB vaccines are recommended for similar high risk persons 10 years 
and older as MenACWY: persons with persistent complement component 
de�ciencies (including inherited or chronic de�ciencies in C3, C5 to C9, 
properdin, factor D, factor H, or who are taking eculizumab (Soliris); anatomic 
or functional asplenia; microbiologists routinely exposed to isolates of N. 
meningitidis; and those at increased risk because of a serogroup B meningococ-
cal disease outbreak. MenB vaccines are not recommended routinely for �rst 
year college students in residence halls, military recruits, or international 
travelers. At present there are no recommendations for revaccination. A MenB 
vaccine series may be administered to adolescents and young adults aged 16 
to 23 years to provide short-term protection against most strains of serogroup 
B meningococcal disease. �e preferred age for MenB vaccination is 16 to 18 
years. �e current low prevalence of disease, coupled with lack of data for 
making policy recommendations for MenB vaccines, resulted in ACIP�s deter-
mining insu�cient evidence exists to make a routine public health recom-
mendation that all adolescents be vaccinated with MenB vaccine. Given the 
seriousness of meningococcal disease and the availability of licensed vaccines, 
ACIP agreed su�cient evidence exists to encourage individual clinical deci-
sion making about MenB vaccination for non�high-risk adolescents and young 
adults.

Adverse Events
�e most common adverse reactions to MenACWY are injection site reactions 
and systemic symptoms, such as headache and malaise, which generally persist 
for 1 or 2 days. An excess risk of Guillain-BarrØ syndrome was initially reported 
a�er MenACWY vaccines but has not been con�rmed in subsequent studies.

Injection site reactions are common with MenB vaccines. �e most common 
systemic adverse reactions observed within the 7 days a�er receipt of MenB 
vaccines are fatigue, headache, and myalgia.

 Mumps
Indications
Mumps (Chapter 345) vaccine is indicated for all persons without evidence 
of immunity. For most adults, such evidence consists of a prior history of 
vaccination on or a�er the �rst birthday, laboratory evidence of immunity, or 
laboratory con�rmation of disease. For adults at high risk, including health 
care workers, international travelers, and students at post�high school edu-
cational institutions, two doses of mumps vaccine constitute acceptable evidence 
of immunity. Most persons born before 1957 can be considered immune as 
a result of natural infection, although vaccination is not contraindicated if 
such persons are thought to be susceptible. Persons who were previously vac-
cinated with two doses of a mumps-containing vaccine and who are identi�ed 
by public health as at increased risk for mumps because of a mumps outbreak 
should receive a third dose of a mumps-containing vaccine to improve protec-
tion against mumps disease and related complications.

Mumps vaccine is contraindicated for pregnant women on theoretical 
grounds, for persons with moderate to severe acute febrile illnesses, and for 
persons with altered immunocompetence. When it is combined with measles 
vaccine, it may be given to persons with asymptomatic HIV infection and 
considered for persons with symptomatic infection if they are not severely 
immunocompromised. Patients with anaphylactic reactions to eggs can be 
vaccinated without skin testing.

Adverse Events
Adverse events a�er the vaccine strain used in the United States are uncom-
mon but include fever, parotitis, and allergic reactions. �rombocytopenic 
purpura has been reported rarely a�er MMR.

 Pertussis
Each of the two vaccines licensed for boosting immunity to pertussis in adults 
is combined with Tdap, and they have a lower content of pertussis antigens 
compared with the childhood pertussis-containing vaccines (DTaP). Boostrix 
(GlaxoSmithKline), which is licensed for adolescents and adults 10 years of 
age and older, contains three pertussis antigens�toxoid (PT), �lamentous 
hemagglutinin (FHA), and pertactin (PRN). Adacel (Sano� Pasteur), which 
is licensed for 10 through 64 year olds, contains �ve pertussis antigens: PT, 
FHA, PRN, and two �mbriae. Both vaccines, when they are administered to 
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 Japanese Encephalitis
Indications
Japanese encephalitis (Chapter 359) vaccine is indicated primarily for travelers 
to Asia who will spend a month or longer in endemic areas during the transmis-
sion season, especially if travel will include rural areas. In all instances, travelers 
should be advised to take personal precautions to reduce exposure to mosquito 
bites. An older vaccine was reported to be 80 to 91% e�ective in preventing 
clinical disease, and the current whole virus inactivated vaccine (Ixiaro, Intercell 
Biomedical) was licensed on the basis of comparable immunogenicity. �e 
primary series consists of two 0.5-mL doses given intramuscularly on days 0 
and 28, with the second dose administered at least 1 week before travel (see 
Table 15-2). If the primary series was administered more than 1 year previ-
ously, a booster dose may be given before the next potential exposure to the 
virus. �e FDA has approved an alternate 0- and 7-day schedule.

Adverse Events
Headache, myalgia, and local reactions (pain and tenderness) occur in more 
than 10% of vaccinees. However, the incidence rates of these events were 
similar to those in a comparison group that received a placebo with aluminum 
hydroxide.

 Typhoid
Indications
Two types of vaccines, a live a�enuated Ty21a oral vaccine and a capsular 
polysaccharide vaccine (ViCPS), appear to be of comparable e�cacy (50 to 
77%). Typhoid (Chapter 292) vaccine is indicated primarily for travelers to 
areas where the risk of prolonged exposure to contaminated food and water 
is high. Because the vaccine is not always e�ective, food and water precautions 
are still essential. �e vaccine also may be considered for family or other 
intimate contacts of typhoid carriers and laboratory workers who work with 
Salmonella typhi. For adults and children 6 years and older, either of the vac-
cines may be used. For Ty21a, one enteric-coated capsule is taken every other 
day for four doses. Alternatively, a single dose of the ViCPS vaccine may be 
given. �e duration of protection with Ty21a is not known; repetition of the 
primary series is recommended every 5 years for persons at risk. Boosters are 
recommended every 2 years for the ViCPS vaccine if persons continue to be 
at risk. �e ViCPS vaccine can be given to children as young as 2 years.

Adverse Events
Fever and headache may occur a�er receipt of typhoid vaccines. Stomach 
pain, nausea, and rash are rarely observed.

 Yellow Fever
Indications
Yellow fever (Chapter 357) occurs only in areas of South America and Africa. 
Vaccination with a single dose of the live a�enuated 17D strain of virus confers 
protection to almost all recipients for at least 10 years. For most persons only 
a single dose is recommended. However, a booster dose is recommended 
every 10 years for at-risk laboratory personnel and certain previously vaccinated 
travelers (pregnant women before travel to at risk areas, hematopoietic stem 
cell transplant recipients vaccinated before transplant, HIV-infected persons, 
and travelers who will be in a higher-risk se�ing based on season, location, 
activities, and duration of their travel, such as travelers who plan to spend a 
prolonged period in endemic areas or those traveling to highly endemic areas 
such as rural West Africa during peak transmission season or an area with an 
ongoing outbreak).

Yellow fever vaccine should not be given to immunocompromised persons 
or persons with anaphylactic allergies to eggs. �e vaccine is contraindicated 
in pregnant women on theoretical grounds, although pregnant women who 
must travel to a high-risk area may be vaccinated.

Adverse Events
Adverse reactions (fever, aches, and soreness, redness, or swelling where the 
injection was given) occur in up to 25% of vaccinees. Anaphylaxis has been 
reported in 0.8 to 1.8 persons per 100,000 doses of vaccine distributed. A rare 
syndrome (0.25 case per 100,000 doses distributed) of multiple organ system 
failure with high rates of mortality called viscerotropic disease has been reported, 
primarily among older adults and persons who have undergone thymectomy 
or have severe thymic dysfunction. Meningoencephalitis, Guillain-BarrØ syn-
drome, acute disseminated encephalomyelitis, and bulbar palsy have been 
reported in 1 to 2 persons per 100,000 doses and are more common in older 

with anaphylactic allergies to vaccine components, and pregnant women. 
Postexposure vaccination within 3 days of exposure can reduce the likelihood 
of symptomatic infection by about two thirds. A6  �e varicella vaccine formula-
tion marketed in the United States is temperature sensitive, so it must be 
stored at �15° C or colder to retain potency and should be discarded if it is 
not used within 30 minutes of reconstitution.

Adverse Events
�e most common side e�ect is soreness at the injection site, which is reported 
in 25 to 35% of recipients 13 years or older. Varicella-like rashes at the injection 
site (median of two lesions) have been reported in 3% of recipients in this 
age group a�er the �rst dose and in 1% a�er the second dose. Nonlocalized 
rashes with a median of �ve lesions have been reported in 5.5% of recipients 
a�er the �rst dose and in 0.9% a�er the second dose. Although the vaccine 
virus can cause herpes zoster (shingles), especially in children, the incidence 
is substantially lower than would be expected a�er natural varicella (Chapter 
351). More severe events in temporal relation to the vaccine have been reported 
rarely, but a causal relationship has not been established. Transmission of 
vaccine virus to a contact is extremely rare and probably occurs only from 
vaccinees in whom a varicella-like rash developed.

 Varicella: Zoster
�e live a�enuated varicella-zoster virus vaccine (ZVL), which has �14-fold 
higher content of Oka strain varicella zoster virus than the varicella vaccine 
used routinely in children, reduces zoster by about 50% and post-herpetic 
neuralgia by about two thirds in persons 60 years of age or older. A7  �e e�cacy 
against zoster declines a�er age 70 years, but protection against post-herpetic 
neuralgia is be�er retained. For the formulation marketed in the United States, 
special freezer storage is required. A newly licensed subunit vaccine containing 
varicella-zoster virus glycoprotein E and the AS01B adjuvant system (called 
recombinant zoster vaccine) is 97% e�ective against herpes zoster for all age 
groups.

Indications
Recombinant zoster subunit vaccine (RZV), which is preferred over live zoster 
vaccine for the prevention of herpes zoster and related complications, is rec-
ommended even in adults who previously received live zoster vaccine. It is 
not necessary to elicit a history of varicella or to test for varicella immunity 
before administering either vaccine. �e vaccine is not recommended for 
immunocompromised persons or pregnant women. �e CDC still recom-
mends ZVL as an alternative option for healthy adults ages 60 years and older 
to prevent shingles, when a person prefers ZVL, is allergic to RZV, or requests 
immediate vaccination and RZV is unavailable.

Adverse Events
Local reactions (erythema, pain or tenderness, and swelling at the injection 
site) are common. Severe reactions were of similar incidence in vaccine and 
placebo recipients in clinical trials.

  VACCINES INTENDED PRIMARILY FOR 
INTERNATIONAL TRAVELERS

Evaluation of people before travel should include a review and provision of 
routine vaccines recommended on the basis of age and other individual char-
acteristics. Recommendations for speci�c vaccines related to travel will depend 
on itinerary, duration of travel, and host factors. Detailed recommendations 
are available at www.cdc.gov/travel.10

 Cholera
Indications
Cholera (Chapter 286) vaccine is indicated for adult travelers (aged 18 to 64 
years) from the United States to areas of the world with endemic or epidemic 
cholera caused by toxigenic Vibrio cholerae O1 within the past year (h�ps://
wwwnc.cdc.gov/travel/). Lyophilized CVD 103-HgR (Vaxchora, PaxVax) is 
a single-dose, live a�enuated oral cholera vaccine. Its e�cacy against severe 
diarrhea (de�ned as fecal output �3 L/24 hours) a�er oral toxigenic V. cholerae 
O1 challenge is estimated to be 90% at 10 days a�er vaccination and 80% at 
3 months a�er vaccination. �ere is no recommendation for use of booster 
doses at this time.

Adverse Events
Available safety data indicate no harms except for a slightly elevated risk for 
mild diarrhea among vaccine recipients.

Adverse Events
Follow-up of pregnant women who had no evidence of immunity and who 
received rubella vaccines within 3 months of the estimated date of conception 
showed no evidence of defects compatible with congenital rubella syndrome 
in their o�spring. Nevertheless, vaccine is contraindicated in pregnant women 
on theoretical grounds, and conception should be delayed for 1 month a�er 
rubella vaccination.

Arthralgia develops among about 25% of nonimmune postpubertal females 
a�er vaccination with rubella vaccine. Symptoms generally begin 1 to 3 weeks 
a�er vaccination, usually are mild, persist for about 2 days, and rarely recur. 
�ese symptoms are less common in postpubertal males compared with females. 
Other infrequent adverse events include transient peripheral neuritis and pain 
in the arms and legs. �rombocytopenic purpura is rare when rubella vaccine 
is administered as MMR.

 Tetanus and Diphtheria
Tetanus (Chapter 280) toxoid is one of the most e�ective immunizations, with 
more than 95% protection a�er a primary series of three doses. In persons 
aged 7 years or older, it should always be used in combination with diphtheria 
(Chapter 276) toxoid (Td), which is more than 85% e�ective in preventing 
disease. Combinations that also include pertussis antigens (Tdap) are preferred 
to Td for routine immunization of adolescents and adults who have yet to 
receive Tdap as well as for pregnant women (for whom Tdap is recommended 
during every pregnancy). Doses need not be repeated if the schedule is inter-
rupted. A booster dose of Td is recommended every 10 years.

Indications
A�er a wound, persons of unknown immunization status or persons who have 
received fewer than three doses of tetanus toxoid should receive a dose of 
Tdap or Td regardless of the severity of the wound. Td also is indicated for 
persons who have previously received three or more doses if more than 10 
years has elapsed since the last dose, in the case of clean and minor wounds, 
and if more than 5 years has elapsed for all other wounds. Persons who have 
never received a dose of Tdap should receive it instead of Td for wound man-
agement. Tetanus immune globulin should be administered simultaneously 
at a separate site to persons who have wounds that are not clean and minor 
if they have not previously received at least three doses of toxoid.

Adverse Events
Most reactions to Td consist of local in�ammation and low-grade fever. Exag-
gerated local (Arthus-like) reactions, with extensive painful swelling, o�en 
from shoulder to elbow, are occasionally reported 2 to 8 hours a�er receipt 
of a diphtheria- or tetanus-containing vaccine, particularly in persons who 
have received frequent doses of diphtheria or tetanus toxoid. Severe systemic 
reactions, such as generalized urticaria, anaphylaxis, Guillain-BarrØ syndrome, 
and other neurologic complications, rarely have been reported a�er receipt 
of tetanus toxoid.

 Varicella: Chickenpox
A single dose of live a�enuated varicella vaccine (Oka strain), which can be 
combined with MMR vaccine, protects 70 to 90% of recipients against any 
disease and more than 95% of recipients against severe disease, but a two-dose 
schedule is recommended. Whether immunity wanes with increasing time 
a�er vaccination is unclear. Use of vaccine has been associated with dramatic 
decreases in the incidence of varicella.

Indications
Varicella vaccine is indicated routinely for all children without a contraindica-
tion. �e two-dose schedule includes vaccination at 12 to 15 months of age 
and again at 4 to 6 years of age. For persons �13 years who previously received 
just a single dose, a catch-up second vaccination is recommended, preferably 
at least 3 months a�er the �rst dose. Persons 13 years or older without evidence 
of immunity to varicella should receive two doses at least 4 weeks apart. Evi-
dence of immunity to varicella includes documentation of age-appropriate 
vaccination with two doses of varicella vaccine at least 28 days apart, laboratory 
evidence of immunity or laboratory con�rmation of disease, birth in the United 
States before 1980, or diagnosis or veri�cation of a history of varicella or 
herpes zoster disease by a health care provider. Serologic screening of adults 
in some situations may be cost-e�ective, provided that identi�ed susceptible 
adults are vaccinated. Serologic testing is not indicated a�er vaccination. �e 
vaccine is contraindicated in persons who are immunocompromised, persons 

1, 2, and 3 has been replaced by bivalent OPV containing types 1 and 3 in 
all countries using OPV. In addition, there is a recommendation that all 
countries should include at least one dose of IPV in their immunization  
schedules.9

Indications
Routine vaccination of persons 18 years of age or older is not recommended. 
If adults who are unvaccinated, are incompletely vaccinated, or have unknown 
vaccination status travel to areas where wild poliovirus is endemic or epi-
demic, they should receive a series of three doses: two doses of IPV admin-
istered at an interval of 4 to 8 weeks, with a third dose administered 6 to 
12 months a�er the second. If three doses of IPV cannot be administered, 
alternatives include the following: three doses of IPV administered 4 weeks 
or more apart; if less than 8 weeks remain before protection is needed, two 
doses of IPV administered 4 weeks or more apart; and if less than 4 weeks 
remain before protection is needed, a single dose of IPV. If fewer than three 
doses are administered, the remaining doses needed to complete a three-
dose series should be administered when feasible, at the intervals recom-
mended, especially if the person remains at increased risk for poliovirus  
exposure.

As a precaution, adults (�18 years of age) who are traveling to areas where 
poliomyelitis cases are occurring and who have received a routine series with 
either IPV or OPV in childhood should receive another dose of IPV before 
departure. For adults, available data do not indicate the need for more than 
a single lifetime booster dose with IPV.

Adverse Events
Minor local reactions (pain, redness) commonly occur a�er IPV. Because IPV 
contains trace amounts of streptomycin, polymyxin B, and neomycin, allergic 
reactions may occur in persons allergic to these antibiotics.

 Rabies
Two inactivated rabies vaccines are licensed in the United States. Human 
diploid cell vaccine (HDCV), which is prepared from the Pitman-Moore strain 
of rabies virus, also contains small amounts of neomycin sulfate, albumin, and 
phenol red indicator. �e puri�ed chick embryo cell vaccine (PCECV), which 
is prepared from the Flury LEP rabies virus strain, also contains small amounts 
of polygeline, human serum albumin, potassium glutamate, and sodium ethyl-
enediamine tetra-acetic acid (EDTA). Both vaccines are given intramuscularly.

Indications
Rabies (Chapter 386) vaccine is indicated for preexposure prophylaxis of 
high-risk persons, including animal handlers, selected laboratory and �eld 
workers, and persons traveling for more than 1 month to areas where rabies 
is a constant threat. For both rabies vaccines, the preexposure regimen consists 
of three 1-mL intramuscular injections on days 0, 7, and 21 or 28. Postexposure 
treatment depends on prior exposure to vaccine (Chapter 386). Persons being 
treated for the �rst time should be given human rabies immune globulin as 
well as four doses of vaccine at days 0, 3, 7, and 14.

Adverse Events
Local reactions (e.g., pain at the injection site, redness, swelling, and indura-
tion) are common a�er both rabies vaccine preparations. Hypersensitivity 
reactions have been reported in up to 6% of persons a�er booster doses of 
HDCV.

 Rubella
Indications
One dose of rubella vaccine (Chapter 344) is indicated for adults born in 
1957 or later without evidence of immunity and for women of any age who 
lack evidence of immunity and who are considering becoming pregnant. Persons 
without a prior history of vaccination on or a�er the �rst birthday, laboratory 
evidence of immunity, or laboratory con�rmation of disease should be con-
sidered as lacking evidence of immunity. A single dose of vaccine is 95% or 
more e�ective. Many persons receive two doses of rubella vaccine by the 
two-dose schedule of MMR.

Rubella vaccine is contraindicated for persons with moderate to severe acute 
illnesses and persons with reduced immunocompetence. When it is given 
with measles vaccine, it may be administered to persons with asymptomatic 
HIV infection and considered for symptomatic persons who are not severely 
immunocompromised. Rubella vaccine is grown in human diploid cells and 
can be administered without problems to persons with egg allergies.
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 Japanese Encephalitis
Indications
Japanese encephalitis (Chapter 359) vaccine is indicated primarily for travelers 
to Asia who will spend a month or longer in endemic areas during the transmis-
sion season, especially if travel will include rural areas. In all instances, travelers 
should be advised to take personal precautions to reduce exposure to mosquito 
bites. An older vaccine was reported to be 80 to 91% e�ective in preventing 
clinical disease, and the current whole virus inactivated vaccine (Ixiaro, Intercell 
Biomedical) was licensed on the basis of comparable immunogenicity. �e 
primary series consists of two 0.5-mL doses given intramuscularly on days 0 
and 28, with the second dose administered at least 1 week before travel (see 
Table 15-2). If the primary series was administered more than 1 year previ-
ously, a booster dose may be given before the next potential exposure to the 
virus. �e FDA has approved an alternate 0- and 7-day schedule.

Adverse Events
Headache, myalgia, and local reactions (pain and tenderness) occur in more 
than 10% of vaccinees. However, the incidence rates of these events were 
similar to those in a comparison group that received a placebo with aluminum 
hydroxide.

 Typhoid
Indications
Two types of vaccines, a live a�enuated Ty21a oral vaccine and a capsular 
polysaccharide vaccine (ViCPS), appear to be of comparable e�cacy (50 to 
77%). Typhoid (Chapter 292) vaccine is indicated primarily for travelers to 
areas where the risk of prolonged exposure to contaminated food and water 
is high. Because the vaccine is not always e�ective, food and water precautions 
are still essential. �e vaccine also may be considered for family or other 
intimate contacts of typhoid carriers and laboratory workers who work with 
Salmonella typhi. For adults and children 6 years and older, either of the vac-
cines may be used. For Ty21a, one enteric-coated capsule is taken every other 
day for four doses. Alternatively, a single dose of the ViCPS vaccine may be 
given. �e duration of protection with Ty21a is not known; repetition of the 
primary series is recommended every 5 years for persons at risk. Boosters are 
recommended every 2 years for the ViCPS vaccine if persons continue to be 
at risk. �e ViCPS vaccine can be given to children as young as 2 years.

Adverse Events
Fever and headache may occur a�er receipt of typhoid vaccines. Stomach 
pain, nausea, and rash are rarely observed.

 Yellow Fever
Indications
Yellow fever (Chapter 357) occurs only in areas of South America and Africa. 
Vaccination with a single dose of the live a�enuated 17D strain of virus confers 
protection to almost all recipients for at least 10 years. For most persons only 
a single dose is recommended. However, a booster dose is recommended 
every 10 years for at-risk laboratory personnel and certain previously vaccinated 
travelers (pregnant women before travel to at risk areas, hematopoietic stem 
cell transplant recipients vaccinated before transplant, HIV-infected persons, 
and travelers who will be in a higher-risk se�ing based on season, location, 
activities, and duration of their travel, such as travelers who plan to spend a 
prolonged period in endemic areas or those traveling to highly endemic areas 
such as rural West Africa during peak transmission season or an area with an 
ongoing outbreak).

Yellow fever vaccine should not be given to immunocompromised persons 
or persons with anaphylactic allergies to eggs. �e vaccine is contraindicated 
in pregnant women on theoretical grounds, although pregnant women who 
must travel to a high-risk area may be vaccinated.

Adverse Events
Adverse reactions (fever, aches, and soreness, redness, or swelling where the 
injection was given) occur in up to 25% of vaccinees. Anaphylaxis has been 
reported in 0.8 to 1.8 persons per 100,000 doses of vaccine distributed. A rare 
syndrome (0.25 case per 100,000 doses distributed) of multiple organ system 
failure with high rates of mortality called viscerotropic disease has been reported, 
primarily among older adults and persons who have undergone thymectomy 
or have severe thymic dysfunction. Meningoencephalitis, Guillain-BarrØ syn-
drome, acute disseminated encephalomyelitis, and bulbar palsy have been 
reported in 1 to 2 persons per 100,000 doses and are more common in older 

with anaphylactic allergies to vaccine components, and pregnant women. 
Postexposure vaccination within 3 days of exposure can reduce the likelihood 
of symptomatic infection by about two thirds. A6  �e varicella vaccine formula-
tion marketed in the United States is temperature sensitive, so it must be 
stored at �15° C or colder to retain potency and should be discarded if it is 
not used within 30 minutes of reconstitution.

Adverse Events
�e most common side e�ect is soreness at the injection site, which is reported 
in 25 to 35% of recipients 13 years or older. Varicella-like rashes at the injection 
site (median of two lesions) have been reported in 3% of recipients in this 
age group a�er the �rst dose and in 1% a�er the second dose. Nonlocalized 
rashes with a median of �ve lesions have been reported in 5.5% of recipients 
a�er the �rst dose and in 0.9% a�er the second dose. Although the vaccine 
virus can cause herpes zoster (shingles), especially in children, the incidence 
is substantially lower than would be expected a�er natural varicella (Chapter 
351). More severe events in temporal relation to the vaccine have been reported 
rarely, but a causal relationship has not been established. Transmission of 
vaccine virus to a contact is extremely rare and probably occurs only from 
vaccinees in whom a varicella-like rash developed.

 Varicella: Zoster
�e live a�enuated varicella-zoster virus vaccine (ZVL), which has �14-fold 
higher content of Oka strain varicella zoster virus than the varicella vaccine 
used routinely in children, reduces zoster by about 50% and post-herpetic 
neuralgia by about two thirds in persons 60 years of age or older. A7  �e e�cacy 
against zoster declines a�er age 70 years, but protection against post-herpetic 
neuralgia is be�er retained. For the formulation marketed in the United States, 
special freezer storage is required. A newly licensed subunit vaccine containing 
varicella-zoster virus glycoprotein E and the AS01B adjuvant system (called 
recombinant zoster vaccine) is 97% e�ective against herpes zoster for all age 
groups.

Indications
Recombinant zoster subunit vaccine (RZV), which is preferred over live zoster 
vaccine for the prevention of herpes zoster and related complications, is rec-
ommended even in adults who previously received live zoster vaccine. It is 
not necessary to elicit a history of varicella or to test for varicella immunity 
before administering either vaccine. �e vaccine is not recommended for 
immunocompromised persons or pregnant women. �e CDC still recom-
mends ZVL as an alternative option for healthy adults ages 60 years and older 
to prevent shingles, when a person prefers ZVL, is allergic to RZV, or requests 
immediate vaccination and RZV is unavailable.

Adverse Events
Local reactions (erythema, pain or tenderness, and swelling at the injection 
site) are common. Severe reactions were of similar incidence in vaccine and 
placebo recipients in clinical trials.

  VACCINES INTENDED PRIMARILY FOR 
INTERNATIONAL TRAVELERS

Evaluation of people before travel should include a review and provision of 
routine vaccines recommended on the basis of age and other individual char-
acteristics. Recommendations for speci�c vaccines related to travel will depend 
on itinerary, duration of travel, and host factors. Detailed recommendations 
are available at www.cdc.gov/travel.10

 Cholera
Indications
Cholera (Chapter 286) vaccine is indicated for adult travelers (aged 18 to 64 
years) from the United States to areas of the world with endemic or epidemic 
cholera caused by toxigenic Vibrio cholerae O1 within the past year (h�ps://
wwwnc.cdc.gov/travel/). Lyophilized CVD 103-HgR (Vaxchora, PaxVax) is 
a single-dose, live a�enuated oral cholera vaccine. Its e�cacy against severe 
diarrhea (de�ned as fecal output �3 L/24 hours) a�er oral toxigenic V. cholerae 
O1 challenge is estimated to be 90% at 10 days a�er vaccination and 80% at 
3 months a�er vaccination. �ere is no recommendation for use of booster 
doses at this time.

Adverse Events
Available safety data indicate no harms except for a slightly elevated risk for 
mild diarrhea among vaccine recipients.



especially of the eye, which can cause keratitis and scarring; generalized vac-
cinia; myopericarditis; and encephalitis. �e risk for death from vaccinia is 
about one case per 1 million primary vaccinations.

 Other Agents
Other organisms or products that have been considered potential bioterrorism 
threats include plague (Chapter 296) and botulinum toxin (Chapter 280). 
Poisoning with botulinum toxin can be treated with a trivalent antitoxin avail-
able from the Centers for Disease Control and Prevention (see h�p://
www.cdc.gov/laboratory/drugservice/formulary.html). An experimental 
heptavalent botulinum toxoid can be obtained from the Centers for Disease 
Control and Prevention for laboratory workers at high risk for exposure to 
toxin. Preexposure vaccination is not warranted or feasible for the general 
population.

  OTHER VACCINES
A protein-conjugated vaccine for H. in�uenzae type b (Hib) should be con-
sidered for some adults at high risk for invasive Hib disease (e.g., asplenia, 
sickle cell disease, or recipient of a hematopoietic stem cell transplant) if they 
have not previously received Hib vaccine.

vaccines. In patients 60 years and older who are going to spend time in yellow 
fever�endemic zones, yellow fever vaccine should be administered with caution 
and only a�er careful counseling.

  VACCINES FOR POSSIBLE  
BIOTERRORISM AGENTS

 Anthrax
Anthrax (Chapter 278) vaccine adsorbed (AVA) is prepared from a cell-free 
�ltrate of a nonencapsulated strain of anthrax and contains many cell products, 
including protective antigen. Protective antigen is responsible for binding to 
cells, allowing transport of lethal factor and edema factor into host cells. A 
recombinant protective antigen (rPA) vaccine is in clinical trials.

Indications
Preexposure prophylaxis consists of a three-dose primary intramuscular schedule 
at 0 and 4 weeks and at 6 months, with booster doses at 12 and 18 months, 
followed by annual boosters. Protective e�cacy of an earlier form of the vaccine 
against cutaneous anthrax was 92.5%. Animal models suggest e�cacy against 
inhalation anthrax. Preexposure vaccination is recommended for persons 
engaged in work involving exposure to high concentrations of Bacillus anthracis 
or in activities with high potential for aerosol production. Vaccine is recom-
mended in conjunction with antibiotics for postexposure prophylaxis a�er 
exposure to aerosolized B. anthracis spores. �e recommended regimen is 
three doses of AVA administered at 0, 2, and 4 weeks, combined with at least 
60 days of antibiotics, which should be continued for at least 14 days a�er 
the third dose of vaccine (Chapter 278).

Adverse Events
�e most common adverse events are local reactions, including subcutaneous 
nodules, which are thought to be due to the deposition of the aluminum-
containing adjuvant in subcutaneous tissue. �ese adverse events are less 
common with intramuscular injections than with subcutaneous injections.

 Smallpox
Smallpox vaccine uses vaccinia virus, an orthopox virus that is distinct from 
variola and cowpox viruses and that provides cross-protection from smallpox. 
Smallpox vaccine is close to 100% e�ective when it is administered properly 
with a bifurcated needle. Vaccination also prevents or modi�es disease when 
it is administered within 3 to 4 days of exposure and perhaps even a�er greater 
delays. �e skin usually does not need any special preparation. If alcohol is 
used for cleaning, the skin should be allowed to dry before vaccination to 
avoid inactivation of the vaccine. �e needle is held perpendicular to the skin 
with 15 punctures for all vaccinees, made rapidly with enough vigor to ensure 
that a trace of blood appears within 15 to 20 seconds. With a primary take, 
the vaccination site should become reddened and pruritic within 3 or 4 days 
a�er vaccination; a large vesicle with a red areola forms and becomes pustular 
by 7 to 11 days. �e lesion scabs by the third week.

Indications
�e vaccine is indicated for persons who work with orthopox viruses. To 
increase preparedness for a smallpox a�ack, vaccination is o�en recommended 
for persons who will serve on public health or health care response teams. 
�e duration of immunity is unclear. Revaccination is recommended at least 
every 10 years for persons who continue to be at risk. Contraindications include 
history or presence of eczema, other chronic or exfoliative skin conditions, 
and immunosuppression or pregnancy in the patient or a close household or 
other contact. Persons who are younger than 1 year, are breast-feeding, or 
have allergies to vaccine components should not be vaccinated. Because of 
reports of post-vaccination cardiac events, vaccination should be deferred in 
persons with ischemia or other severe heart diseases or persons at high risk 
for ischemic heart disease events (h�ps://www.cdc.gov/smallpox/clinicians/
vaccination.htm). In the event of exposure to variola, there are no contrain-
dications. Should variola be introduced into a community, vaccination would 
be indicated for all exposed persons and their close contacts to prevent further 
spread, and recommendations for more widespread vaccination would have 
to be evaluated on a case-by-case basis.

Adverse Events
Fever is the most common adverse event. Other more serious complications 
include eczema vaccinatum, which is a local or disseminated vaccinia infection 
in persons with a history of eczema or other exfoliative dermatitis; vaccinia 
necrosum, which occurs in immunocompromised persons; autoinoculation, 
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4.	 Adults at increased risk of hepatitis B infection who should receive hepatitis 
B vaccine include which of the following?
	A.	 Persons with chronic obstructive pulmonary disease
	B.	 Persons with coronary artery disease
	C.	 Persons with nephrotic syndrome not on dialysis
	D.	 Persons 19 to 59 years old with diabetes mellitus
	E.	 Persons 65 years and older

Answer: D  Persons who have frequent contact with contaminated blood or 
body �uids are at increased risk of hepatitis B infection. Adults 19 to 59 years 
of age with diabetes mellitus also are at increased risk of hepatitis B infection, 
at least in part because of poor infection control practices with assisted blood 
glucose monitoring (see h�p://www.cdc.gov/mmwr/pdf/wk/mm6050.pdf). 
�erefore, the Centers for Disease Control and Prevention recommend that 
adults with diabetes mellitus younger than 60 years receive hepatitis B vaccine.

5.	 Human papillomavirus (HPV) vaccine is licensed for:
	A.	 Routine vaccination of boys and girls beginning at 11 years, with catchup 

vaccination for men and women up to 45 years.
	B.	 Persons 65 years and older
	C.	 Only for men who have sex with men
	D.	 Girls and women 11 to 50 years
	E.	 Girls and boys beginning at 9 years of age

Answer: A  HPV vaccine is recommended for persons primarily before they 
begin sexual activity and have been infected with HPV. �e upper age range 
for both licensed vaccines is 45 years for both women and men. For more 
information, see h�ps://www.cdc.gov/mmwr/pdf/wk/mm6411.pdf and 
https://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/
ucm622715.htm.

REVIEW QUESTIONS
1.	 Tdap vaccine is recommended to be given only once for all groups except 

which of these?
	A.	 Pregnant women
	B.	 Parents of children younger than 2 years of age
	C.	 Adults 65 years of age and older
	D.	 Children age 11 or older who did not complete their DTaP vaccine 

series
	E.	 Adolescents and adults entering college

Answer: A  Pregnant women should receive Tdap vaccine during each pregnancy 
to o�er protection to each newborn. Available data indicate fairly rapid waning 
of pertussis immunity a�er Tdap vaccination and no signi�cant adverse events 
a�er repeated Td or Tdap vaccinations with short intervals between them. 
For more information, see h�p://www.cdc.gov/mmwr/preview/mmwrhtml/
mm6207a4.htm.

2.	 Persons who are at increased risk of meningococcal disease and for whom 
meningococcal vaccine is recommended include all except which of the 
following?
	A.	 Persons without spleens or whose spleens are not functional (e.g., have 

sickle cell disease)
	B.	 Persons with persistent complement de�ciencies
	C.	 Persons 65 years and older
	D.	 Microbiologists regularly working with Neisseria meningitidis isolates
	E.	 Persons traveling to sub-Saharan Africa

Answer: C  Available data indicate increased risk of meningococcal disease 
for all the listed groups except persons 65 years and older. h�p://www.cdc 
.gov/mmwr/pdf/rr/rr6202.pdf.

3.	 Pneumococcal conjugate vaccine is recommended for which of these adult 
groups?
	A.	 Persons with nephrotic syndrome
	B.	 Persons with liver cirrhosis
	C.	 Persons with chronic obstructive pulmonary disease
	D.	 Persons with coronary artery disease
	E.	 Persons with diabetes

Answer: A  Most of the additional bene�t of pneumococcal conjugate vaccina-
tion, when it is used to supplement pneumococcal polysaccharide vaccination, 
accrues to persons with iatrogenic or disease-related immunocompromising 
conditions, including nephrotic syndrome, as well as persons with functional 
or anatomic asplenia, cerebrospinal �uid leaks, and cochlear implants. For 
more information, see h�p://www.cdc.gov/mmwr/preview/mmwrhtml/
mm6140a4.htm.
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ABSTRACT
Although numerous hazards in the workplace and ambient environment can 
potentially cause or exacerbate a wide range of acute and chronic conditions, 
certain basic principles and clinical approaches apply broadly to general and 
specialty medical practice. Central to all practice is the occupational and envi-
ronmental history, customized to the clinical problem and se�ing. �is chapter 
outlines these basics, then brie�y summarizes the most common occupational 
disorders seen by internists in developed countries, and �nally reviews the 
e�ects of the environmental exposures most likely to be encountered.
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observed during a long period into the future, the most important step is to 
establish the hazards to which the patient may be exposed at work presently, 
the activities that may have resulted in past harmful exposures potentially 
relevant to future health, and whether the present residential environment 
(including air and water and food sources) is thought to be contaminated by 
harmful materials. �e recommended approach is to use a simple question-
naire, which can be self-administered or supervised by a medical extender 
(E-Fig. 16-1). �ese instruments can then be reviewed together by the patient 
and physician as time permits and updated over time. When jobs or materials 
are noted but the actual generic exposures are unknown, the patient and avail-
able reference sources can be enlisted to �translate� the history into speci�cs, 
such as which metals are being welded or what is actually contained in a 
cleaning agent or plastic. �is information is obligatorily maintained and sup-
plied on request by employers in most developed countries in the form of 
fact sheets termed Material Safety Data Sheets, many of which can be easily 
found online. In this way, the ongoing and former exposures, which may have 
an impact on health, can be noted and, where important, incorporated into 
routine preventive care or clinical surveillance for sequelae.

For patients with new clinical complaints or recently diagnosed conditions, 
the question of an environmental cause looms more urgently, so the approach 
must be more focused. If symptoms or signs of acute or subacute illness are 
suggested, the timing of recent or unusual environmental exposures in relation 
to the symptoms is key�more important than speci�c chemical detail. For 
example, if the patient develops shortness of breath shortly a�er the introduc-
tion of a new chemical or process at work or a�er a leak or spill, that fact 
should drive further questions, such as �Did others get sick as well?� For 
recurrent symptoms, such as cough or rash, cyclic changes are most o�en the 
strongest clue: Do symptoms get worse on workdays and improve on days 
o� or holidays? For more insidious symptoms, such as weakness or numbness 
of the extremities or new-onset hepatic dysfunction, the appropriate question 
would be whether the onset of the abnormality has followed by weeks or 
months some demonstrable change in the work or home environment. Again, 
the coincidence of others similarly a�ected may be more valuable than detailed 
knowledge of the constituents of that environment. When such a temporal 
pa�ern is suggested, further e�orts are warranted to establish what exposure 
may have occurred and what its dose may have been, o�en in conjunction 
with a specialty consultation.

In the elucidation of evidently more chronic conditions, such as pulmonary 
�brosis, chronic renal insu�ciency, or a malignant neoplasm, an alternative 
approach is suggested because the exposure, if relevant, is usually remote. In 
this situation, a detailed query about current work or ambient environments 
is not likely to be helpful in di�erential diagnosis, although knowledge of a 
past exposure to an important hazard (such as silica, asbestos, or cadmium) 
might, on the basis of the knowledge of its e�ects, in�uence the sequence of 
the evaluation. However, it is generally more e�cient to explore past exposures 
a�er the pathophysiologic disturbance has been characterized, focusing inquiry 
on factors known to cause or suspected of causing that disorder�as easily 
found in suggested texts or literature searches.

In acute or chronic cases, information about what the exposure has been 
(generically) must be augmented by an estimation of exposure dose. A brief 
exposure to a fume containing a small percentage of lead will not, in general, 
cause acute lead poisoning (although hosts may di�er in their responses), nor 
will trace contamination of a drinking well with benzene typically cause blood 
dyscrasias. �e patient will rarely be able to supply detailed information about 
past or even current �dose� but o�en can provide valuable clues: Did the 
exposure continue during many years? Were fumes or �bers grossly visible in 
the air? Were respirators or other protective gear necessary or o�ered? Have 
episodes of unprotected exposure ever resulted in irritation or acute discom-
fort? A positive reply to any of these questions would suggest �high� exposure, 
where the reference point is the level at which the risk for development of a 
health e�ect becomes substantial. Conversely, if exposure has occurred in an 
otherwise typical o�ce or around a home renovation, the levels of exposure 
are more likely �low.� Nevertheless, such low-level exposure does not exclude 
a health e�ect, especially one caused by idiosyncratic mechanisms or occur-
ring in hosts who are more �sensitive� to chemical exposures, a health char-
acteristic found in 2 to 10% of the population. Although not to be condoned 
because of potential broader public health consequences, exposures to trace 
contaminants in food and drinking water are uncommon causes of perceptible 
clinical problems. When concern about the exposure is high, information 
from patients can be readily supplemented by information from employers 
(with the patient�s consent!) and regulatory or health authorities or by con-
sultation with specialists who should know the levels of most workplace hazards 

countries, and �nally reviews the e�ects of the environmental exposures most 
likely to be encountered.

  PRINCIPLES OF OCCUPATIONAL AND 
ENVIRONMENTAL DISEASE

It is widely imagined that the major health e�ects of environmental and occu-
pational exposures are unique disorders best recognized by their failure to 
�t easily into other diagnostic categories (e.g., arsenic poisoning). In reality, 
the major consequences of chemical and physical exposures are, without further 
exploration of an environmental connection, indistinguishable in clinical presenta-
tions �om disorders that make up the bulk of outpatient and inpatient medical 
practice: common rashes (Chapter 409), nonspeci�c liver function abnor-
malities (Chapter 138), wheezing and irritative symptoms of the upper and 
lower respiratory tract (Chapter 81), various cancers (Chapter 170), periph-
eral neuropathies (Chapter 392), dysphoria (Chapter 369), and nonspeci�c 
cognitive dysfunction (Chapter 374). Although a handful of pathologically 
distinct disorders still occur, such as silicosis (Chapter 87) and lead poison-
ing (Chapter 19), when an environmental or workplace agent causes overt 
disease, physiologic and radiographic studies typically reveal manifestations 
completely consistent with common diagnoses such as asthma (Chapter 81), 
contact dermatitis (Chapter 409), fa�y liver (Chapter 143), and lung cancer 
(Chapter 182).

�e underlying cause of such conditions will inevitably remain obscure 
unless the clinician adheres to a disciplined approach designed to investigate 
and to exclude occupational or environmental causes whenever it is appropri-
ate. �e best approach is consistent use of the occupational and environmental 
history, a short series of questions that can be expanded on the basis of the 
responses (see later). �e point is that the internist cannot �wait� to consider 
occupational or environmental issues until other diseases have been ruled out 
without running the risk of missing almost every occupational and environ-
mental e�ect that he or she will encounter.

Whatever the pathway or time course, exposure dose is the major determinant 
of the risk for development of disease. As in pharmacology (Chapter 26), it is 
impossible to make any meaningful statement about cause and e�ect without 
appreciation of dose. Consider, for example, the di�erence in health e�ects 
of aspirin at 65 mg, 650 mg, and 6500 mg (Chapter 76). Over this two-order 
magnitude of change, the chemical goes from having one therapeutic target 
organ to having many to being lethal. It is no di�erent with lead or organo-
phosphate pesticides or solvents, except that there is rarely as simple a way 
to determine dose as in the drug situation, where pill bo�les are labeled, drug 
prescriptions are recorded, and blood or urine levels are readily available in 
most laboratories. �is limitation is exacerbated because, unlike with drugs, 
the range of toxic exposures may vary far more widely. For example, water in 
a contaminated drinking well or poor indoor air in an o�ce could have toxins 
at a level that is two, three, or even four orders of magnitude (i.e., 10,000 
times) lower than the level that may have been evaluated in epidemiologic 
studies of workers or tested in animals. Fortunately, it is much easier to �range 
�nd� than one might presuppose (see later discussion of history), and eager-
ness for precision�o�en una�ainable�should not interfere with obtaining 
the great amount of information that can be readily gleaned from the patient 
and is o�en su�cient to act on. �e key point is that no a�empt to apply 
clinical information in relation to work or environment can be useful without 
some e�ort to characterize exposure dose.

Environmental hazards may a�ect preferentially vulnerable populations�
those with underlying disease, those at the extremes of life, those with atopy, 
and those with other serious health risks such as smoking or diabetes. Genetic 
variability may underlie some of these di�erences, but few relevant genes have 
been su�ciently characterized for use in practice. Clinical studies of a host of 
common occupational diseases have identi�ed behavioral and constitutional 
cofactors; for example, smoking dramatically increases the risk of lung cancer 
in asbestos-exposed workers (Chapter 182). �is interaction creates a double 
demand on the clinician�the presence of smoking or atopy in a young woman 
with cough not only does not preclude the possibility of an occupational cause 
of her asthma but rather actually increases the likelihood that such an exposure 
may be important.

 The Occupational and Environmental History and Exposure Assessment
Key to determining whether work and other environmental exposures may 
be causing or contributing to adverse health is the exposure history. �e 
approach to obtaining this information and to the use of available resources 
to corroborate and complement it depends on the clinical context. In primary 
and much specialty medical care, where it is anticipated that a patient will be 
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Current employment (if not currently employed, fill out for last job held) 

 1.  Job title 
 2.  Name and address of employer
 3.  Nature of work 

 4.  How many hours a week do you usually work? 

 5.  Start date?   If ended, last day worked   

  If ended, why did you leave? 

 6.  Do you have to wear personal protective equipment (like a respirator or gloves 
  or hearing protection) at your job? If yes, what kind(s) 

 7. Exposures at this job. For each, record whether “none,” “a little,” or “a lot” 

  None  A little  A lot 

  Dust or fumes 

  Organic solvents or thinners 

  Other chemicals 

  Noise 

  Excessive heat 

  Physical strain 

  Mental stress

Conflict between work and family 

 Any hazard at this job that you think might be making you sick? 

Past employment

 Please list all the jobs you had before this last one, working backward toward school. For each,
 list the title, years you held job, and whether there was any exposure you are worried about from 
 that job. 

 Job title  Years held  Exposure of concern?

Were you ever in the military service? 

 If yes, what years?   Were you in an active war zone? 

 Where? 

 Did hazardous exposures in any of these jobs make you sick? 

 If so, explain 

Environmental exposures 

 Are there any specific exposures in your home or neighborhood you are worried about? 

 If so, what? 

Please tell us about your home environment: 

 1.  Is your drinking water from a city or town source? Private well? Any health problems 
  with the water? 

 2.  Is your heating system oil? Gas? Electric? Any health problems with the heat? 

 3.  Are there sources of pollution near your home?  What? 

 4.  Does anyone smoke inside your home?   Who? 

 5.  Does anyone have hobbies at home involving chemicals or industrial materials? If so, describe.

 6.  Does anyone bring dust or other materials home on clothes from work? If yes, what?

E�FIGURE 16�1.  A questionnaire for use during the “intake” of new patients for ongoing primary or specialty care. The instrument may be self-administered or supervised by a 
medical extender; it should then be reviewed by the patient and physician and periodically updated. 
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 Organic Solvents
�ese petroleum derivatives remain ubiquitous in workplace and household 
products. All are irritating, potentially neurotoxic, and, to varying degrees, 
hepatotoxic (Chapter 102). More serious neurotoxins, such as carbon disul�de 
and n-hexane, are no longer widely used, nor are the bone marrow toxins 
benzene and the ethers of ethylene glycol (Chapter 156).

 Organohalides
Although these complex organic pesticides and industrial materials are no 
longer made and sold in developed countries, their remarkable biopersistence 
has resulted in entrainment into everyone�s fat, including children. Worse, the 
dread byproduct dioxin, once associated with herbicide manufacture, has now 
been recognized as a predictable consequence of combustion of any chlorine-
containing materials. All are suspect carcinogens, although debate remains 
whether this e�ect is limited to so� tissue sarcomas (Chapter 192)�a rela-
tionship established for dioxin�or promotes cancer risk more globally. Some 
toxicologic and epidemiologic evidence links this class of agents to type 2 
diabetes mellitus and dyslipidemias; other endocrine e�ects are suggested by 
toxicological studies but have not been documented in humans.

 Herbicides and Pesticides
�e acute neurotoxicity and irritant properties of most herbicides and pesti-
cides have been well studied (Chapter 102). �ese agents are generally well 
controlled, although both occupational and residential overexposures occa-
sionally occur. In developing countries, these substances remain a widespread 
vehicle for both suicide and homicide.

 Nonionizing Electromagnetic Radiation
Electric wires, appliances, and, notoriously, cell phones emit low-frequency 
electromagnetic radiation at levels far below those that cause local thermal 
injuries (Chapter 17). �ese radiations are nonionizing, but there is some 
epidemiologic evidence of an increased risk of childhood leukemia with high-
level exposure from household wiring and of excess brain tumors in adult 
workers with regular exposures. �ese data are di�cult to interpret because 
study results di�er according to how exposure is assessed; the only conclusion 
is that there is basis for concern and need for further study but not cause for 
widespread alarm or action other than precaution in the placement of new 
heavy power lines near schools and residences.

 Particulate Matter
Evidence accumulated in the past decade proves that ambient air pollution 
contributes measurably to the population risk of cardiovascular disease.4 Focus 

sinuses, and throat tend to be forgiving, recurrent episodes are extremely 
ne�lesome and cause substantial work disability. Atopic patients and patients 
with frequent infections are o�en the most sensitive to these ubiquitous envi-
ronmental insults, which must ultimately be addressed along with the symptoms 
themselves and secondary infections.

 Dermatitis
Erythematous rashes are a common consequence of topical exposures to 
workplace, avocational, and household materials, including latex, plastics, and 
many foods (Chapter 411). Although the keys to recognition are timing and 
the anatomic relation to clothing, allergenic and irritating chemicals can �nd 
their way into unlikely places, such as the groin and belt lines. Specialty con-
sultation and patch testing are warranted in intractable cases but should not 
supplant careful observation and history taking in most situations. Acneiform 
lesions and folliculitis (Chapter 411) are also o�en caused by chemical irrita-
tion or physical factors at work, such as heat, pressure, or friction.

 Sick Building Syndrome and Nonspeci�c Building-Related Illness
�e e�ort to reduce the in�ux of �fresh� air into buildings to save heating and 
air-conditioning costs has resulted in upper airway and dermal irritation as 
well as vague central nervous system symptoms such as headache and fatigue, 
occurring shortly a�er beginning work and clearing minutes to hours a�er 
leaving the a�ected building. Many occupants are typically a�ected, especially 
those who spend the most time in one place. �e cause is unknown, but recent 
evidence suggests that microbial materials may be the most common culprits. 
In every instance, a search for a speci�c allergen or irritant is worth undertak-
ing (Chapter 235), but the most remedial sources are poor overall ventilation 
and dampness in which molds fester. When the source is remediated, most 
building occupants typically experience symptomatic improvement. From a 
clinical perspective, the major consideration is whether any more serious 
problem, such as asthma, may have also developed.

 Multiple Chemical Sensitivities
An environmental illness as transient as a single noxious inhalation or as per-
sistent as a protracted course of nonspeci�c building-related illness can initiate 
a cycle of similar symptoms a�er exposures to odors or irritants at very low 
levels, thereby rendering everyday tasks such as shopping or driving prob-
lematic. A patient typically complains of feeling �allergic� to everything, although 
there is no evidence for allergic mechanisms (Chapter 235); the cause of this 
vexing complication, more prevalent in women, is unknown and may involve 
psychological as well as physiologic factors. Despite the severity of complaints, 
which o�en include fatigue, muscle pain, stridor, chest tightness, and palpita-
tions, laboratory test results are normal; many patients will meet clinical criteria 
for �bromyalgia (Chapter 258) or chronic fatigue syndrome. Coexistent anxiety 
and depression o�en prompt psychiatric referral (Chapter 369), but the disorder 
has proved relatively refractory to all treatment modalities. A2  Sympathetic 
support, environmental modi�cation as needed to provide some symptomatic 
relief, and candor regarding the unknown nature of the disorder are appropri-
ate; extensive clinical investigations o�en serve only to reinforce the patient�s 
�sick� role and are best avoided. Despite all e�orts, the most severely a�ected 
individuals will o�en seek the care of alternative practitioners (Chapter 34) 
with compelling if unproven theories and expensive, potentially harmful 
remedies.

  COMMON HAZARDOUS EXPOSURES IN THE 
WORKPLACE AND AMBIENT ENVIRONMENT

Tens of thousands of chemicals in the workplace as well as important physical 
and biologic hazards may be encountered in the general environment (Table 
16-2). Several of these hazards are of major current concern in industrialized 
countries.

 Metals
Exposures to lead and arsenic (Chapter 19), once commonplace in industry, 
are now generally controlled; concern remains highest for environmental set-
tings, especially for children. �ere is now greater concern for mercury�
entrained in large ocean �sh worldwide�and manganese, a potent neurotoxin 
that is found in welding fumes and various alloys and that a�ects extrapyramidal 
and autonomic function. For most metals�manganese being a notorious 
exception�blood or urine tests are available to quantify a patient�s burden, 
but these tests must be mindful of timing, the form of metal, and possible 
�confounders,� such as the largely benign form of arsenic excreted in urine 
for several days a�er even a single shell�sh meal.

chronic obstructive pulmonary disease. Asbestosis (Chapter 87) is identical 
to idiopathic pulmonary �brosis (Chapter 86) in every clinical way except 
that benign pleural changes o�en accompany asbestosis, and asbestosis tends 
to be more indolent and usually stops progressing when exposure ceases or 
within a few years therea�er. Hypersensitivity pneumonitis (Chapter 87) is 
rarely suspected outside of agricultural se�ings but is occurring far more o�en; 
the causes are likely to be microbial contaminants of work materials, but some 
chemicals, such as the isocyanates, may also be causal. Occupational constric-
tive bronchiolitis, which can cause indolent or rapidly progressive dyspnea, 
is seen a�er exposure to a variety of noxious chemicals. Recently, manufacturing 
and inorganic chemicals have been associated with outbreaks of allergic alveo-
litis, and synthetic �bers and food �avorings have precipitated severe and 
sometimes fatal airways responses. �ese observations support careful inves-
tigation of the environment in all cases of adult-onset lung disease.

 Cancers of the Respiratory Tract
Although most carcinomas of the lung and upper airway occur in smokers, 
occupational exposures to asbestos, silica, and the polyaromatic hydrocarbons 
in particulate air pollution, diesel exhaust, pitch, and asphalt contribute to 
the burden, as do radon and carcinogenic metals such as chromium and nickel 
found in most alloys (Chapter 182). Some organic materials, such as formal-
dehyde, are also likely culprits. Patients with these exposures should be observed 
expectantly; at a minimum, extraordinary e�orts should be made to control 
smoking in these exposed individuals. Even nonsmokers may bene�t from 
periodic screening with chest tomography, but that bene�t remains unproved. 
Asbestos-exposed workers�smokers or otherwise�are additionally at risk 
for malignant mesothelioma (Chapters 92 and 182), but other than primary 
prevention, the only clinical implication is awareness for early diagnosis and 
compassionate care for this still largely incurable industrial disease.

 Fatty Liver
With the widespread use of abdominal imaging, fa�y liver has been recognized 
as more common than previously thought (Chapter 143). �is disorder is 
common among individuals exposed regularly to organic solvents, a possibility 
that should be considered at the same time that infectious, metabolic, and 
pharmaceutical causes are considered. Once it is suspected, whether or not 
other factors are also present, chemical exposure should be reduced. Improve-
ment tends to be slow, o�en during a period of many months, but the risk of 
progression is likely to have been averted or at least diminished. Long-term 
risks for progression to cirrhosis or hepatoma remain unknown.

 Sensorineural Hearing Loss
Aside from aging, noise is the most important cause of high-frequency sensori-
neural hearing loss (Chapter 398). Hobbies such as shooting and loud music 
may combine with industrial and agricultural noise to accelerate hearing loss. 
Although it is the responsibility of employers to conduct routine audiograms 
and to control exposure, clinicians should test noise-exposed patients periodi-
cally and reinforce whatever control strategies may be in place at work. Exposure 
to metals such as lead and organic solvents may compound the risk further.

 Musculoskeletal Disorders of the Upper Extremity and Trunk
�e most common cause of work disability, including permanent disability, 
is an injury to the back (Chapter 372) or upper extremity; the annual loss to 
the U.S. economy from disability and health care expenditures is estimated 
at a staggering 1 to 2% of the gross domestic product. Repetitive, heavy, awkward, 
and time-pressured activities are notorious contributors, as are cold and vibra-
tion. A majority of cases, however, occur in workers without extremely physical 
jobs, such as health care or other service workers. Although an anatomically 
localized lesion may be identi�ed and speci�cally treated in a small fraction 
of cases, as in carpal tunnel syndrome (Chapter 392) or thoracic outlet obstruc-
tion, the most important modalities of care in most cases are early recognition 
and reduction of further insult. Physical therapy and medications may hasten 
recovery but cannot prevent recurrences and even progression unless the causal 
work and avocational activities are modi�ed. A1  Employers, who are increas-
ingly familiar with these ergonomic issues, share an incentive to modify tasks 
or work stations.

 Upper Airway Irritation
Virtually any smoke, fume, dust, or chemical has potential to irritate the upper 
respiratory tract (Chapter 87), causing acute or chronic symptoms indistin-
guishable from common allergic manifestations (Chapter 235) or upper 
respiratory infections (Chapter 90).3 Although the mucosae of the eyes, nose, 

in the community. Finally, with an appropriate understanding of the limits of 
testing and awareness of �timing� issues in relation to exposure (as with mea-
suring drug levels), an increasing number of hazardous chemicals can be 
biologically measured in blood or urine. Reliable testing is currently available 
for most metals and some pesticides, and testing may become available for a 
broad array of organic chemicals in the foreseeable future. Random sampling 
for �unknowns� is rarely helpful and most o�en leads to erroneous inferences 
because trace chemicals are ubiquitous, that is, almost everyone will have a 
higher than average level of �something.�

  OCCUPATIONAL AND ENVIRONMENTAL HEALTH 
DISORDERS COMMON IN PRACTICE

Although almost any medical complaint or condition could in theory have 
an occupational or environmental cause or contribution, certain conditions 
encountered in medical practice commonly do (Table 16-1). For these condi-
tions, a�ention to the history is most important and most o�en rewarding.

 Asthma
Atopic men and women with preexisting airways disease tolerate irritants in 
the workplace poorly and may experience exacerbations in temporal relation 
to one or more exposures. More important, numerous antigens are extant in 
the workplace, from large proteins, such as latex and animal danders, to small 
molecules, such as isocyanates needed to set polyurethane. More than 250 
agents have been well characterized, and many others are suspect. Virtually 
no profession or work is immune, and up to 20% of all adult-onset asthma 
may have a work component. Presentation is o�en nonspeci�c; timing of 
symptoms during or slightly staggered from exposure is the clue to diagnosis, 
keeping in mind that there may be a lag of several hours between exposure 
and cough or other symptoms. �e reward for early recognition of such causes 
is the likelihood that airway in�ammation will abate when the noxious expo-
sure is eliminated1; otherwise, lifelong, o�en generalized asthma is the rule 
(Chapter 81).

 Chronic Interstitial, Parenchymal, and In�ammatory Lung Disorders
�e rounded opacities of silicosis (Chapter 87) and coal workers� pneumo-
coniosis (Chapter 87) radiographically resemble sarcoid (Chapter 89); chronic 
beryllium disease (Chapter 87), a granulomatous disorder caused by sensitiza-
tion to this widely used light metal, is clinically identical to sarcoid in almost 
all respects, but a reasonably speci�c test for blood and bronchoalveolar lavage 
�uid is now available to distinguish them.2 Even a�er accounting for smoking, 
occupational exposure is associated with the development and severity of 

TABLE 16�1	 COMMON OCCUPATIONAL AND 
ENVIRONMENTAL HEALTH CONDITIONS IN 
GENERAL PRACTICE

CONDITION EXPOSURE SETTINGS COMMENT
Asthma Virtually any indoor or 

outdoor workplace
New-onset, recrudescent, 

or exacerbated asthma
Interstitial, parenchymal, 

and in�ammatory lung 
disorders

Dusts, metals, and organic 
materials

All parenchymal disorders 
have one or more 
environmental causes

Cancers of the respiratory 
tract

Asbestos, radon, silica, 
combustion fumes, tars, 
and some metals

Smokers are more likely to 
be a�ected

Sensorineural hearing loss Noise, metals, and solvents High-frequency loss, 
especially in younger 
workers

Musculoskeletal disorders 
of trunk and limbs

Heavy or repetitive 
activities or postures

Cold, vibration, and work 
stress contribute

Upper airway irritation Dust and fumes More common in smokers 
and atopic persons

Nonspeci�c building-
related illness

O�ce work Must exclude speci�c causes

Dermatitis, allergic or 
irritant

Repeated exposure to 
unprotected skin

Work and environmental 
exposures should be 
considered in every case

Multiple chemical 
sensitivities

Any Complication of adverse 
environmental exposure
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 Organic Solvents
�ese petroleum derivatives remain ubiquitous in workplace and household 
products. All are irritating, potentially neurotoxic, and, to varying degrees, 
hepatotoxic (Chapter 102). More serious neurotoxins, such as carbon disul�de 
and n-hexane, are no longer widely used, nor are the bone marrow toxins 
benzene and the ethers of ethylene glycol (Chapter 156).

 Organohalides
Although these complex organic pesticides and industrial materials are no 
longer made and sold in developed countries, their remarkable biopersistence 
has resulted in entrainment into everyone�s fat, including children. Worse, the 
dread byproduct dioxin, once associated with herbicide manufacture, has now 
been recognized as a predictable consequence of combustion of any chlorine-
containing materials. All are suspect carcinogens, although debate remains 
whether this e�ect is limited to so� tissue sarcomas (Chapter 192)�a rela-
tionship established for dioxin�or promotes cancer risk more globally. Some 
toxicologic and epidemiologic evidence links this class of agents to type 2 
diabetes mellitus and dyslipidemias; other endocrine e�ects are suggested by 
toxicological studies but have not been documented in humans.

 Herbicides and Pesticides
�e acute neurotoxicity and irritant properties of most herbicides and pesti-
cides have been well studied (Chapter 102). �ese agents are generally well 
controlled, although both occupational and residential overexposures occa-
sionally occur. In developing countries, these substances remain a widespread 
vehicle for both suicide and homicide.

 Nonionizing Electromagnetic Radiation
Electric wires, appliances, and, notoriously, cell phones emit low-frequency 
electromagnetic radiation at levels far below those that cause local thermal 
injuries (Chapter 17). �ese radiations are nonionizing, but there is some 
epidemiologic evidence of an increased risk of childhood leukemia with high-
level exposure from household wiring and of excess brain tumors in adult 
workers with regular exposures. �ese data are di�cult to interpret because 
study results di�er according to how exposure is assessed; the only conclusion 
is that there is basis for concern and need for further study but not cause for 
widespread alarm or action other than precaution in the placement of new 
heavy power lines near schools and residences.

 Particulate Matter
Evidence accumulated in the past decade proves that ambient air pollution 
contributes measurably to the population risk of cardiovascular disease.4 Focus 

sinuses, and throat tend to be forgiving, recurrent episodes are extremely 
ne�lesome and cause substantial work disability. Atopic patients and patients 
with frequent infections are o�en the most sensitive to these ubiquitous envi-
ronmental insults, which must ultimately be addressed along with the symptoms 
themselves and secondary infections.

 Dermatitis
Erythematous rashes are a common consequence of topical exposures to 
workplace, avocational, and household materials, including latex, plastics, and 
many foods (Chapter 411). Although the keys to recognition are timing and 
the anatomic relation to clothing, allergenic and irritating chemicals can �nd 
their way into unlikely places, such as the groin and belt lines. Specialty con-
sultation and patch testing are warranted in intractable cases but should not 
supplant careful observation and history taking in most situations. Acneiform 
lesions and folliculitis (Chapter 411) are also o�en caused by chemical irrita-
tion or physical factors at work, such as heat, pressure, or friction.

 Sick Building Syndrome and Nonspeci�c Building-Related Illness
�e e�ort to reduce the in�ux of �fresh� air into buildings to save heating and 
air-conditioning costs has resulted in upper airway and dermal irritation as 
well as vague central nervous system symptoms such as headache and fatigue, 
occurring shortly a�er beginning work and clearing minutes to hours a�er 
leaving the a�ected building. Many occupants are typically a�ected, especially 
those who spend the most time in one place. �e cause is unknown, but recent 
evidence suggests that microbial materials may be the most common culprits. 
In every instance, a search for a speci�c allergen or irritant is worth undertak-
ing (Chapter 235), but the most remedial sources are poor overall ventilation 
and dampness in which molds fester. When the source is remediated, most 
building occupants typically experience symptomatic improvement. From a 
clinical perspective, the major consideration is whether any more serious 
problem, such as asthma, may have also developed.

 Multiple Chemical Sensitivities
An environmental illness as transient as a single noxious inhalation or as per-
sistent as a protracted course of nonspeci�c building-related illness can initiate 
a cycle of similar symptoms a�er exposures to odors or irritants at very low 
levels, thereby rendering everyday tasks such as shopping or driving prob-
lematic. A patient typically complains of feeling �allergic� to everything, although 
there is no evidence for allergic mechanisms (Chapter 235); the cause of this 
vexing complication, more prevalent in women, is unknown and may involve 
psychological as well as physiologic factors. Despite the severity of complaints, 
which o�en include fatigue, muscle pain, stridor, chest tightness, and palpita-
tions, laboratory test results are normal; many patients will meet clinical criteria 
for �bromyalgia (Chapter 258) or chronic fatigue syndrome. Coexistent anxiety 
and depression o�en prompt psychiatric referral (Chapter 369), but the disorder 
has proved relatively refractory to all treatment modalities. A2  Sympathetic 
support, environmental modi�cation as needed to provide some symptomatic 
relief, and candor regarding the unknown nature of the disorder are appropri-
ate; extensive clinical investigations o�en serve only to reinforce the patient�s 
�sick� role and are best avoided. Despite all e�orts, the most severely a�ected 
individuals will o�en seek the care of alternative practitioners (Chapter 34) 
with compelling if unproven theories and expensive, potentially harmful 
remedies.

  COMMON HAZARDOUS EXPOSURES IN THE 
WORKPLACE AND AMBIENT ENVIRONMENT

Tens of thousands of chemicals in the workplace as well as important physical 
and biologic hazards may be encountered in the general environment (Table 
16-2). Several of these hazards are of major current concern in industrialized 
countries.

 Metals
Exposures to lead and arsenic (Chapter 19), once commonplace in industry, 
are now generally controlled; concern remains highest for environmental set-
tings, especially for children. �ere is now greater concern for mercury�
entrained in large ocean �sh worldwide�and manganese, a potent neurotoxin 
that is found in welding fumes and various alloys and that a�ects extrapyramidal 
and autonomic function. For most metals�manganese being a notorious 
exception�blood or urine tests are available to quantify a patient�s burden, 
but these tests must be mindful of timing, the form of metal, and possible 
�confounders,� such as the largely benign form of arsenic excreted in urine 
for several days a�er even a single shell�sh meal.

TABLE 16�2	 COMMON HAZARDS IN THE WORKPLACE AND 
AMBIENT ENVIRONMENT

HAZARD
HEALTH EFFECTS OF 
GREATEST CONCERN COMMENTS

Metals Neurotoxicity, cancer Most can be measured in blood or 
urine to assess dose

Organic 
solvents

Respiratory and dermal 
irritation, neurotoxicity, 
hepatotoxicity

Benzene and a few others have 
unique e�ects

Organohalides 
(e.g., dioxin, 
PCBs)

Cancer, endocrine 
abnormalities

Ubiquitous suspect carcinogens of 
high population concern

Herbicides and 
pesticides

Rare acute neurotoxicity, 
unknown long-term 
e�ects

Widespread hazards of high 
population concern

Electromagnetic 
radiation

Leukemia, glioblastoma Ubiquitous exposures with 
unproven e�ects

Particulate 
ma�er

Acute and chronic 
atherosclerotic 
cardiovascular disease

Air pollution, workplace

Mold Allergy High population concern regarding 
putative chronic e�ects

Mineral dusts Cancer Old hazards still of high concern 
(e.g., asbestos, silica)

DDT � dichlorodiphenyltrichloroethane; PCBs � polychlorinated biphenyls.



has turned from the well-established respiratory irritants�the gases sulfur 
dioxide and ozone�to the smallest particles, so-called PM2.5. �ese particles 
may be laden with polyaromatic hydrocarbons from diesel exhaust, coal burning, 
and industrial sources, which are proin�ammatory. �is risk also accrues to 
more heavily exposed industrial workers, although it remains unclear if the 
risk is associated with particles of any origin or just those that evolve from 
combustion.5

 Mold
Molds are ubiquitous and long known for their unpleasant odors and potential 
for inducing allergic responses (Chapter 235), including asthma.6 Recently, 
concern has arisen over the potential for serious e�ects from various myco-
toxins, long problems in veterinary medicine when domestic animals consume 
contaminated feed; however, a consensus panel concluded that there is no 
evidence of human risks beyond those well established from living or working 
in a moldy environment. Mold formation should be prevented wherever pos-
sible, especially in schools and o�ces, where molds contribute to problems 
with indoor air quality. Identi�cation, with eradication of leaks and other 
sources of water accumulation, is key.

 Mineral Dusts
Although asbestos has been largely abated, silica and human-made mineral 
�bers remain widely distributed in the environment. Silica (Chapter 87), 
present in virtually every form of �rock,� is a potent cause of lung injury and 
cancer, so respiratory exposure should be carefully controlled in every se�ing. 
�e evidence of serious risk from �brous glass, mineral wool, and other human-
made mineral �bers is less clear; probably only the �nest �bers, such as slag 
wool, have cancer-causing potential, but many are potent dermal and upper 
respiratory irritants and should be well controlled for that reason alone.

  SUMMARY
Occupational and environmental health problems remain prevalent, although 
their spectrum and nature have changed as rapidly as any in medicine and are 
likely to change even faster as technology, work, and knowledge continue to 
evolve. Physicians need not necessarily develop a large base of facts�themselves 
subject to revision frequently�but rather an approach that incorporates key 
elements and provides a foundation for e�cient recognition and management 
of current and future clinical syndromes. Consideration of environmental 
factors and appropriate history taking are key.
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REVIEW QUESTIONS
1.	 A 35-year-old carpenter complains of new-onset headaches shortly a�er 

beginning a new job in a small boat-refurbishing shop. His job involves 
cleaning debris from the hulls of sailboats and resurfacing them. What is 
the most useful approach to establish whether some exposure or condition 
in the shop is causing his headaches?
	A.	 Proceed as with any new headache evaluation. �en, once a diagnosis 

is made, explore online toxicologic databases to see if any chemicals 
are known to cause such a headache pa�ern.

	B.	 Ask the patient to obtain a complete list of all chemicals and processes 
in the shop and research each to see if it can cause headaches.

	C.	 Question the patient closely about the temporal relationship between 
work activities and symptoms.

	D.	 Test the patient�s blood and urine for common industrial solvents likely 
to be used in his work.

	E.	 Call the employer to inquire if other workers have made similar com-
plaints in the past.

Answer: C  For the assessment of acute symptoms in relation to an environ-
mental exposure, the history of temporal relationship between exposure and 
onset/cessation of symptoms is the most compelling basis for pursuit of a 
work connection for a new complaint. If headaches typically occur a�er arriv-
ing at work or starting a speci�c activity and are absent at other times, the 
physician should obtain a detailed list of chemicals or other potential culprits 
and explore their toxicology.

2.	 Which of the following is true regarding the relevance of �dose of exposure� 
to a workplace or environmental chemical?
	A.	 Unlike pharmaceuticals, environmental toxins typically cause injury in 

susceptible people irrespective of the actual dose.
	B.	 Unlike with pharmaceuticals, the possible doses to which a worker might 

be exposed at work range over many orders of magnitude.
	C.	 Unlike with pharmaceuticals, there is no simple way of estimating expo-

sure dose from talking to a patient; the workplace or exposure environ-
ment itself must be evaluated.

	D.	 Unlike pharmaceuticals, environmental toxins typically a�ect everyone 
exposed in a similar way.

	E.	 Unlike with pharmaceuticals, blood and urine levels are the mainstay 
for assessing exposure dose to chemicals.

Answer: B  For drugs and toxins, dose ma�ers. What di�ers is the sheer 
number, probably 100,000 or more, of di�erent chemicals and the enormous 
range of possible exposure doses, from trivial parts per billion or trillion in a 
well-controlled environment to gram quantities in an unventilated workplace 
or in an accidental release. However, as noted in the text, strong inference 
about the range of exposure dose can be made from talking to the patient; 
directly measuring the environment and biomarkers of exposure is rarely the 
�rst-line approach. As with drugs, idiosyncratic responses are common, and 
no two people respond alike.

3.	 Which of the following is true regarding occupation-related asthma?
	A.	 Nonatopic individuals with previously normal respiratory health may 

develop de novo sensitivity to one of hundreds of workplace proteins, 
metals, or other chemicals.

	B.	 Smokers and atopic individuals are the ones most likely to develop 
airway reactions at work. Cough or wheeze in the presence of one or 
more such risk factors demands increased vigilance about workplace 
exposures.

	C.	 Workplace factors cause or exacerbate asthma in up to 20% of adult-
onset asthma cases.

	D.	 A and C
	E.	 A, B, and C

Answer: E  Work exposures commonly cause airway lability in susceptible 
individuals, sometimes by primary sensitization in atopic or nonatopic men 
and women and sometimes by irritating already abnormal airways in smokers 
and patients with preexisting airway disease. Most studies estimate that almost 
one in �ve newly symptomatic adult asthmatics has an occupational or envi-
ronmental cause, so this possibility must always be explored because an over-
looked and preventable exposure may lead to lifelong, irreversible injury.

4.	 A 60-year-old woman is admi�ed to the hospital with new onset of a large 
pleural e�usion and incapacitating chest pain. What is the best approach 
to determine if a work exposure may have been involved?
	A.	 Perform a detailed occupation and environmental history of current 

exposures on admission to identify a possible cause for malignant or 
nonmalignant disease consistent with the presentation, such as 
asbestos.

	B.	 Perform a detailed occupation and environmental history of past expo-
sures on admission to identify a possible cause for malignant or non-
malignant disease consistent with the presentation, such as asbestos.

	C.	 Proceed with the evaluation as you would for any patient with the 
observed constellation of signs and symptoms. Take a detailed envi-
ronmental history of current and past exposures a�er a pathologic 
diagnosis has been made, focusing on established causes of that diag-
nosis, for example, lung cancer.

	D.	 A�er the evaluation, ask the laboratory to analyze surgical and other 
specimens for evidence of �bers or metals that are known to cause the 
patient�s diagnosed condition.

	E.	 A�er the diagnosis is made, seek information from the local health 
department or similar agencies about the occurrence of similar cases 
in the area because patients are unlikely to recall what they were exposed 
to years before.

Answer: C  In the assessment of a new-onset chronic disease, it is not e�cient 
to take an exhaustive history of either current or former exposures as the 
evaluation will quickly reveal a clear target (diagnosis) on which to focus. 
Although recognition of a prominent work exposure, such as asbestos, might 
make the possibility of malignant mesothelioma more likely in this case, it is 
still necessary to make a pathologic diagnosis before worrying about its cause. 
�is approach is in contrast with the approach to new onset of acute or recur-
ring symptoms (question 1). D and E are important in some cases, but the 
�rst and most direct approach is to inquire whether the patient may have been 
exposed to the (invariably) small number of substances known to cause the 
just-diagnosed condition. �ese lists can easily be found in reference texts or 
online search tools (e.g., �occupational causes of lung cancer�).

5.	 Which of the following is true of musculoskeletal disorders among working-
age patients?
	A.	 Because these disorders are most o�en associated with nonspeci�c �nd-

ings on examination or imaging studies, they rarely lead to signi�cant 
dysfunction or disability.

	B.	 Now that most work in developed economies is less physical, musculo-
skeletal disorders have become relatively rare.

	C.	 �e best approach to prevent long-term disability is early recognition, 
intensive evaluation, and de�nitive treatment where possible.

	D.	 Assessment and modi�cation of o�ending work activities are more 
important in the long run than is a de�nitive anatomic diagnosis.

	E.	 When a musculoskeletal disorder is recognized, the best way to establish 
whether it is related to work activity is to visit the workplace or to call 
the employer.

Answer: D  Musculoskeletal disorders remain extremely common and extremely 
disabling even in highly developed economies and in jobs�like health care, 
food service, and education�that are not intensely physical. �e key to diag-
nosis is the relationship between physical activities at work, which the patient 
can easily demonstrate to the physician, and the pa�ern of symptoms and 
signs. Intervening in the work by job modi�cation or change is far more valu-
able in the long run than �nding a drug or surgery to control the symptoms, 
which o�en recur when the patient returns to the old environment and tasks.
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ABSTRACT
�is chapter reviews ionizing and non-ionizing radiations, their common 
sources, and the mechanisms that underlie the radiobiological damage that 
they cause. �is overview serves as the background for a discussion of the 
clinical manifestations, diagnosis, treatment, and prevention of radiation-
induced injury.
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radioactive material, would likely involve a relatively small spatial area in which 
individuals are signi�cantly exposed, as well as a much larger area in which 
individuals are exposed to very low levels of radioactivity. �e signi�cance of 
a dirty bomb depends on the amount of radioactivity in the device and the 
e�ciency with which the explosion aerosolizes and disperses the radioactive 
material. Of course, the consequences of a radiologic dispersal device extend 
beyond health e�ects and could potentially involve large-scale social and eco-
nomic disruption.

 PATHOBIOLOGY
Ionizing radiation can both mutate cells and cause cell death. �e key initial 
damage site is a DNA double-strand break, although other types of damage 
are possible. �is double-strand break is generally repaired by a variety of 
mechanisms, the most important of which for ionizing radiation damage is 
nonhomologous end rejoining. Imprecise nonhomologous end rejoining can 
lead to small mutations, whereas double-strand break misrepair (i.e., the wrong 
ends of breaks being rejoined to each other) can lead to chromosomal trans-
locations, inversions, telomere fusions, and other large-scale chromosomal 
structural alterations.

Although chromosomal translocations, inversions, and point mutations are 
typically nonlethal lesions, such radiation-induced chromosomal aberrations 
can be the initial lesions associated with carcinogenesis. For example, the 
initial event in many hematopoietic cancers (Chapters 173 and 175) is o�en 
a recurrent translocation, which in turn results in the fusion of genes located 
at the translocation breakpoints. Radiation-induced point mutations and dele-
tions also are o�en associated with loss of heterozygosity in tumor suppressor 
genes.

Misrepair of double-strand breaks can also result in dicentric chromosome 
aberrations and centric rings (Chapter 171), which are generally lethal lesions 
that cause reproductive cell death in which a cell loses its ability to divide. A 
second, quite di�erent mechanism of radiation-induced cell death is apoptosis, 
or programmed cell death that, for example, is important a�er radiation expo-
sure of hematopoietic cells and jejunal crypt cells.

 CLINICAL MANIFESTATIONS
�e consequences of radiation exposure are dose dependent and are also 
dependent on whether the exposure is to the whole body or only part of the 
body. A�er high doses of whole-body exposure, the major consequences are 
acute radiation syndromes, which may be fatal. A�er high doses of partial-body 
exposure, such as a�er radiotherapy, the consequences are highly organ speci�c. 
�ese high-dose tissue reactions are deterministic, meaning that there typically 
is a threshold below which the e�ects are not seen, with the severity of the 
e�ect increasing with increasing dose. By contrast, the major concern at lower 
doses is with stochastic e�ects, in which there is no dose threshold, and it is 
the probability of the e�ect that increases with increasing dose. �e most 
important example here is radiation-induced cancer.

Acute Radiation Syndromes
�e radiation dose needed to mitotically kill active dividing cells is far less than 
the dose needed to remove the functioning ability of di�erentiated cells. As a 
result, acute radiation syndromes generally relate to the failure of precursor 
cells to provide replacements for functional cells within an organ, when the 
la�er need replacement. Acute radiation syndromes typically progress through 
four stages: prodromal, clinical latency, manifest illness, and recovery or death.

Prodromal Stage
Prodromal (early) symptoms occur shortly a�er irradiation, with the radiation 
dose determining the severity, duration, and onset. Typical prodromal 

particularly granite-type rocks. Radon is a member of a chain of radioactive 
elements that starts with naturally occurring uranium and radioactively decays 
from one element to the next; uniquely in this chain of elements, radon is a 
gas, which can emerge from the ground and result in high levels in the base-
ment and higher �oors of houses. Long-term exposure to radon gas can cause 
lung cancer because emi�ed alpha particles in the lung can damage cells in 
the bronchial epithelium. �e three other main sources of naturally occurring 
radiation exposure are from terrestrial exposure (gamma rays emi�ed from 
naturally occurring radioactive materials in the ground), from space radiations 
(mainly intergalactic cosmic rays that penetrate through the atmosphere), and 
internal radiation (from naturally occurring radioactive elements in the body, 
such as potassium-40).

Medical Exposures
�e single largest source of medical exposure is computed tomography (CT), 
which on average contributes about 25% of the collective dose to the U.S. 
population. �is source of exposure is recent because CT has been commonly 
used only since the 1980s. Now, however, about 90 million CT scans are 
performed annually in the United States. In addition to CT, nuclear medicine, 
interventional �uoroscopy, and conventional radiography together constitute 
about 25% of the overall collective dose to the U.S. population.

Radiologic Accidents
Since the widespread introduction of nuclear power plants, major radiologic 
accidents have become an intermi�ent, although rare, source of radiation 
exposure. �e accidents at Chernobyl in 1986 and at Fukushima in 2011 
released far more radioactivity than any other accidents (Table 17-2). For 
those individuals exposed to low radiation doses, many common symptoms 
reported in the immediate a�ermath were not necessarily physical health 
problems directly a�ributable to radiation exposure but rather psychological 
and psycho-social e�ects.1

Radiologic Terrorism
In the broadest of terms, two di�erent types of such threats exist, one from 
an improvised nuclear device and the other from a radiologic dispersal device, 
sometimes called a dirty bomb.2 �e two are very di�erent in terms of their 
potential consequences and also their likelihood of occurrence.

�e consequences of exploding an improvised nuclear device, perhaps similar 
to those detonated at Hiroshima or Nagasaki, although more likely exploded 
at ground level, would be devastating in terms of loss of life and major injuries. 
For example, a 20-kT daytime surface improvised nuclear device explosion 
in midtown Manha�an might involve 2.2 million people exposed to high 
radiation doses, of whom perhaps only 1.6 million might survive.

By contrast, the consequences of exploding a radiologic dispersal device 
or dirty bomb, dispersing what could be very small or very large amounts of 
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FIGURE 17�2.  The major sources of radiation exposure to an average individual in 
the United States. (From Hall EJ and Giaccia, AJ, Radiobiology for the Radiologist. 7th ed. 
Philadelphia: Lippincott Williams & Wilkins; 2012.)

TABLE 17�2	 ESTIMATED RELEASES OF RADIOACTIVE IODINE 
AND RADIOACTIVE CESIUM FROM THE FOUR 
HISTORICALLY BIGGEST NUCLEAR POWER 
PLANT ACCIDENTS

131I (TBq) 137/134Cs (TBq)
Windscale, 1957 750 20
�ree Mile Island, 1979 1 0.000001
Chernobyl, 1986 1,800,000 110,000
Fukushima, 2011 ~500,000 ~20,000
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 PREVENTION
Countermeasures after Radiologic Accidents or Terrorism
�ree FDA-approved pharmaceuticals can limit the radiation dose caused by 
exposures to speci�c radioisotopes: potassium iodide for radioactive iodine, 
Prussian blue for radioactive cesium or thallium, and diethylenetriamine pen-
taacetate (DTPA) for plutonium, americium, or curium. Although these 
pharmaceutical countermeasures can limit the organ doses and therefore the 
health consequences produced by these speci�c radioisotopes, they cannot 
be used to treat any of the adverse clinical e�ects caused by them.

�e administration of potassium iodide (KI), which contains nonradioac-
tive iodine, saturates the thyroid with nonradioactive iodine and thereby 
prevents radioactive iodine being absorbed into the thyroid, where it can 
cause thyroid cancer (Chapter 213). �e protective e�ects of KI last about 
24 hours, so it should be taken daily (130 mg for adults, 65 mg for children 
�3 years of age, 32 mg for children 1 to 3 years of age, 16 mg for infants) while 
there is a likelihood of exposure.

Prussian blue (Radiogardase: ferric hexacyanoferrate [II]) binds cesium 
in the gastrointestinal tract and limits its reabsorption into the blood stream, 
thereby reducing the biologic half-life of cesium in the body from about 110 
days to about 30 days and limiting the organ toxicities that it produces. �e 
recommended dose of Prussian blue is 3 g orally three times daily for adults 
and 1 g orally three times daily for children 2 to 12 years of age, for a minimum 
of 30 days.

DTPA is a chelating agent that binds to radioactive plutonium, americium, 
and curium, thereby decreasing their persistence in the body. DTPA comes 
in two forms, Ca-DTPA and Zn-DTPA, with the calcium form considered 
more e�ective over the �rst 24 hours of exposure, and the zinc form preferable 
at later times, although both are e�ective over several weeks. �ey are admin-
istered intravenously (or with a nebulizer), with a daily intravenous dose of 
1 g for adults and 14 mg/kg for children younger than 12 years.

Several radiation countermeasure drugs have been developed to counteract 
the symptoms of acute radiation syndromes, have been demonstrated e�ective 
in animal models, and are undergoing trials prior to FDA approval.

Medical Imaging
CT is a superb diagnostic tool, and individual CT radiation-associated risks are 
small; as a result, a great majority of the approximately 90 million CT scans 
performed annually in the United States generally provide far more bene�ts 
than risks. However, organ doses from CT are typically far larger than those 
from conventional radiographic examinations, so CT should operate under 
the dual principles of optimization and justi�cation. Optimization involves 
reducing the radiation dose per CT, using improved protocols and technology. 
In terms of justi�cation�making sure that all CT scans are clinically justi�ed, 
a substantial proportion of CT scans could potentially be replaced by other 
modalities, such as magnetic resonance imaging for some head examinations 
and selective use of ultrasound for diagnosing appendicitis. In addition, many 
CT scans could be avoided entirely by following usage appropriateness criteria.

  NON�IONIZING RADIATION INJURY
Ionizing radiations uniquely have su�cient energy to cause DNA strand breaks, 
which in turn can lead to cell killing and mutations. By contrast, non-ionizing 
radiations, such as radio waves, microwaves, infrared radiation, and visible 
light, do not have su�cient energy to break DNA strands and none of these 
radiations have been associated with health hazards. One exception is UV 
radiation, which is generally a mutagen and a carcinogen. A second possible 
exception is radiofrequency radiation, although in this case the epidemiologic 
evidence and mechanistic considerations do not provide strong evidence of 
health risks.

 Ultraviolet Radiation
UV radiations, which are part of the non-ionizing electromagnetic spectrum, 
cover a wavelength from about 150 to 400 nm (intermediate between visible 
light and x-rays). In turn, these UV wavelengths are subcategorized as UVA 
(400 to 320 nm), UVB (315 to 280 nm), and UVC (280 to 150 nm).

Sunlight is by far the largest source of UV radiation to humans. Because of 
�ltering in the atmosphere, about 95% of the UV spectrum that reaches the 
earth�s surface is UVA, the remainder is nearly all UVB, and almost no UVC 
penetrates the ozone layer to reach the earth. Other sources of UV exposures 
include tanning beds and booths. Industrial exposures include welding arcs, 
plasma torches, germicidal and blacklight lamps, electric arc furnaces, hot-
metal operations, mercury-vapor lamps, and some lasers.

dose dependent, but the probability of an e�ect increases with increasing dose. 
�ese e�ects are largely due to radiation-induced mutations of target cells, as 
opposed to cell killing, with by far the most important e�ect being radiation 
carcinogenesis. Other potential radiation-induced stochastic health e�ects 
include deleterious radiation-induced genetic e�ects to subsequent generations.

Radiation Carcinogenesis
In general, radiation acts as a multiplier of natural background cancer rates, 
although there are exceptions, such as radiation-induced breast cancer, in 
which the radiation risks are largely independent of the natural background 
rates, and prostate cancer, which generally is not a radiogenic tumor. Most 
radiation-induced cancers occur many years a�er radiation exposure, typically 
in the same �cancer-prone� years (about 55 to 75 years of age), as do naturally 
occurring cancers. Exceptions include radiation-induced hematopoietic cancers 
and radiation-induced thyroid cancers, both of which typically occur within 
a few years of radiation exposure. Sensitivity to radiation-induced cancer is 
age dependent, with people exposed at younger ages having higher lifetime 
cancer risks.

Most of what is known quantitatively about the radiation-induced risks for 
cancer comes from studies of atomic bomb survivors, who had measurable 
increased subsequent risks for cancer: at a 1 Gy dose at follow-up more than 
50 years later, atomic bomb survivors showed a 64% increased risk of solid 
cancer in females and a 20% increase in males.4 Despite much study, hereditary 
e�ects in the children of atomic bomb survivors have not been detected.5

Long-term survivors of radiation therapy also have a small but signi�cantly 
increased risk of radiation-associated second cancers.6 At low radiation doses, 
for example, below 0.1 Gy, epidemiologic studies are di�cult to perform and 
interpret because of the di�culty in quantifying a small excess cancer risk 
above the natural human lifetime cancer risk of about 40%. However large-
scale epidemiologic studies in children who have received CT scans or had 
small radioactive iodine exposures at Chernobyl showed an increased risk of 
radiation-induced cancer.

Radiation Cataractogenesis
Ionizing radiation induces ocular cataracts (Chapter 395) with a probability, 
severity, and latency related to the radiation dose.7 Studies of atomic bomb 
survivors, Chernobyl cleanup workers, astronauts, and radiologic technicians 
have all shown increased incidence of cataracts, even at radiation doses below 
1 Gy. Radiation cataractogenesis is a result of radiation damage to dividing 
cells in the lens. Because there are essentially no mechanisms in the lens for 
removal of damaged cells, the resulting nontranslucent lens �bers migrate 
toward the posterior pole of the lens, where they represent the �rst stage of 
a cataract. Posterior subcapsular cataracts are less common than nuclear or 
cortical cataracts in the general population but are the type most commonly 
associated with ionizing radiation.

 DIAGNOSIS
�e diagnosis of radiation injury can be considered in two di�erent contexts. 
�e �rst context is when the radiation dose is not known, and the goal is to 
estimate the dose that was delivered in order to optimize treatment. Examples 
include accidents and radiologic terrorism scenarios. �e second context is 
when the radiation dose is known, in particular a�er radiotherapy. Here the 
sequelae (see Table 17-3) are predictable, but the timing and the severity of 
the injury are less predictable.

Radiation Biodosimetry
For an individual exposed to a large whole-body radiation dose, the �rst criti-
cal task is to estimate the radiation dose that the individual received, because 
di�erent syndromes (hematopoietic, gastrointestinal, cerebrovascular) are 
associated with di�erent radiation dose ranges. �e technique for estimating 
exposures to individuals is known as radiation biodosimetry. In this diagnostic 
process, a small amount of a body tissue, such as blood or urine, is analyzed, 
and dose-dependent end points in the sample are measured to provide an 
estimated dose. �e most common end point of DNA damage, such as micro-
nuclei, in blood samples, can now be assessed by commonly available high-
throughput technologies.8 Other practical endpoints include gene expression 
in blood or induction of metabolites in urine.

Post-Radiotherapy Sequelae
Deterministic radiation-induced organ syndromes are seen at reasonably pre-
dictable intervals a�er radiation therapy. For example, radiation pericarditis 
(Chapter 68) can develop during treatment or months to years later, initially 

symptoms include nausea, vomiting, anorexia, fatigue, diarrhea, abdominal 
cramping, and dehydration. At very high doses, these symptoms can appear 
within a few minutes of exposure; but at somewhat lower doses, they may 
not appear for many hours, if at all.

Latency Period
A�er the prodromal stage, a latency period typically precedes manifest illness. 
�is delay occurs because the subsequent syndromes (hematopoietic or 
gastrointestinal) involve the failure of relevant tissues to self renew, and manifest 
illness does not occur until a�er the typical cellular turnover times in these 
tissues.

Manifest Illness
�e hematopoietic syndrome results from whole-body or signi�cant partial-body 
exposure to 3 to 9 Gy. At these doses, radiation kills mitotically active hema-
topoietic precursor cells. Symptoms then result from lack of circulating blood 
elements some 4 to 8 weeks later as circulating cells die and are not replaced. 
�e hematopoietic syndrome may manifest as infections and possible hemor-
rhage, impairment of immune mechanisms, and potentially multiple-organ 
failure.

�e gastrointestinal syndrome usually occurs a�er whole-body or signi�cant 
partial-body exposure of about 8 Gy and above. �ese doses lead to death of 
intestinal stem cells in the regenerating crypts. Symptoms then result when 
di�erentiated cells of the villi are naturally sloughed o�, but stem cells are 
unable to produce new cells, thereby leading to depopulation of the epithelial 
lining of the gastrointestinal tract. A�er a latency period of about 7 days, loss 
or signi�cant shortening of the villi on the intestinal epithelium leads to bacte-
rial growth and increased risk for sepsis. Common symptoms include anorexia, 
nausea, vomiting, prolonged bloody diarrhea, abdominal cramps, dehydration, 
and weight loss. Should death occur, it is typically 7 to 10 days later.

At extremely high radiation doses, death is typically from the cerebrovascular 
syndrome within a few days a�er exposure. �e cause of death is believed to 
be because changes in permeability of small blood vessels in the brain lead 
to cerebral edema.

Organ-Speci�c Late E�ects after Radiotherapy
Iatrogenic organ-speci�c late e�ects follow quite predictably a�er targeted 
radiation therapy in which the organ in question is irradiated, although the 
severity of the response is less predictable.3 �ese tissue e�ects can be divided 
into global organ responses and focal responses, in which a particular part of 
the organ is di�erentially irradiated (Table 17-3).

As one example, signi�cant radiation exposure to the heart increases the 
risk for subsequent major heart disease. �ese risks have been most notable 
in women who have had radiotherapy for le�-sided breast cancer (Chapter 
188), patients treated with mantle radiation for Hodgkin lymphoma (Chapter 
177), and some patients treated for lung tumors adjacent to the heart. Radia-
tion e�ects to the heart can be wide ranging, including to the coronary arteries, 
the myocardium, the heart valves, and the pericardial sac. �e increased risk, 
which is proportional to the cardiac dose, begins a few years a�er exposure 
and continues throughout life. �ese radiation risks appear to be multiplicative 
of the natural background cardiac risks, so patients with preexisting cardiac 
risk factors are likely to have greater absolute increases in their risk for radiation-
induced cardiac disease.

Stochastic E�ects of Radiation
In contrast to the deterministic organ-based e�ects of radiation, ionizing radia-
tion also produces stochastic e�ects, whereby the severity of the disease is not 

TABLE 17�3	 TYPICAL ORGAN�SPECIFIC DETERMINISTIC LATE 
EFFECTS AFTER HIGH�DOSE RADIOTHERAPY

ORGAN LOCAL END POINT GLOBAL END POINT
Brain, cranial nerves Focal weakness, vision loss Neurocognitive de�cit
Lung Bronchial stricture Shortness of breath
Heart Coronary stenosis Pericarditis, cardiomyopathy
Bladder Bleeding Urinary frequency, diarrhea
Bowel Ischemia, bleeding Enteritis
Adapted with changes from Rubin P, Constine LS, Marks LB, eds. ALERT�Adverse Late E�ects of 
Cancer Treatment. Vol. 1: General Concepts and Speci�c Precepts. Heidelberg: Springer; 2014.
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 PREVENTION
Countermeasures after Radiologic Accidents or Terrorism
�ree FDA-approved pharmaceuticals can limit the radiation dose caused by 
exposures to speci�c radioisotopes: potassium iodide for radioactive iodine, 
Prussian blue for radioactive cesium or thallium, and diethylenetriamine pen-
taacetate (DTPA) for plutonium, americium, or curium. Although these 
pharmaceutical countermeasures can limit the organ doses and therefore the 
health consequences produced by these speci�c radioisotopes, they cannot 
be used to treat any of the adverse clinical e�ects caused by them.

�e administration of potassium iodide (KI), which contains nonradioac-
tive iodine, saturates the thyroid with nonradioactive iodine and thereby 
prevents radioactive iodine being absorbed into the thyroid, where it can 
cause thyroid cancer (Chapter 213). �e protective e�ects of KI last about 
24 hours, so it should be taken daily (130 mg for adults, 65 mg for children 
�3 years of age, 32 mg for children 1 to 3 years of age, 16 mg for infants) while 
there is a likelihood of exposure.

Prussian blue (Radiogardase: ferric hexacyanoferrate [II]) binds cesium 
in the gastrointestinal tract and limits its reabsorption into the blood stream, 
thereby reducing the biologic half-life of cesium in the body from about 110 
days to about 30 days and limiting the organ toxicities that it produces. �e 
recommended dose of Prussian blue is 3 g orally three times daily for adults 
and 1 g orally three times daily for children 2 to 12 years of age, for a minimum 
of 30 days.

DTPA is a chelating agent that binds to radioactive plutonium, americium, 
and curium, thereby decreasing their persistence in the body. DTPA comes 
in two forms, Ca-DTPA and Zn-DTPA, with the calcium form considered 
more e�ective over the �rst 24 hours of exposure, and the zinc form preferable 
at later times, although both are e�ective over several weeks. �ey are admin-
istered intravenously (or with a nebulizer), with a daily intravenous dose of 
1 g for adults and 14 mg/kg for children younger than 12 years.

Several radiation countermeasure drugs have been developed to counteract 
the symptoms of acute radiation syndromes, have been demonstrated e�ective 
in animal models, and are undergoing trials prior to FDA approval.

Medical Imaging
CT is a superb diagnostic tool, and individual CT radiation-associated risks are 
small; as a result, a great majority of the approximately 90 million CT scans 
performed annually in the United States generally provide far more bene�ts 
than risks. However, organ doses from CT are typically far larger than those 
from conventional radiographic examinations, so CT should operate under 
the dual principles of optimization and justi�cation. Optimization involves 
reducing the radiation dose per CT, using improved protocols and technology. 
In terms of justi�cation�making sure that all CT scans are clinically justi�ed, 
a substantial proportion of CT scans could potentially be replaced by other 
modalities, such as magnetic resonance imaging for some head examinations 
and selective use of ultrasound for diagnosing appendicitis. In addition, many 
CT scans could be avoided entirely by following usage appropriateness criteria.

  NON�IONIZING RADIATION INJURY
Ionizing radiations uniquely have su�cient energy to cause DNA strand breaks, 
which in turn can lead to cell killing and mutations. By contrast, non-ionizing 
radiations, such as radio waves, microwaves, infrared radiation, and visible 
light, do not have su�cient energy to break DNA strands and none of these 
radiations have been associated with health hazards. One exception is UV 
radiation, which is generally a mutagen and a carcinogen. A second possible 
exception is radiofrequency radiation, although in this case the epidemiologic 
evidence and mechanistic considerations do not provide strong evidence of 
health risks.

 Ultraviolet Radiation
UV radiations, which are part of the non-ionizing electromagnetic spectrum, 
cover a wavelength from about 150 to 400 nm (intermediate between visible 
light and x-rays). In turn, these UV wavelengths are subcategorized as UVA 
(400 to 320 nm), UVB (315 to 280 nm), and UVC (280 to 150 nm).

Sunlight is by far the largest source of UV radiation to humans. Because of 
�ltering in the atmosphere, about 95% of the UV spectrum that reaches the 
earth�s surface is UVA, the remainder is nearly all UVB, and almost no UVC 
penetrates the ozone layer to reach the earth. Other sources of UV exposures 
include tanning beds and booths. Industrial exposures include welding arcs, 
plasma torches, germicidal and blacklight lamps, electric arc furnaces, hot-
metal operations, mercury-vapor lamps, and some lasers.

with an e�usion and progressing to pericardial constriction. Radiation entero-
colitis (Chapter 131) can develop 6 to 12 months a�er radiation doses of 40 
to 60 Gy for prostate cancer or gynecologic malignancies. Radiation-induced 
pulmonary injury can be detected in up to 50% of patients who receive thoracic 
radiation therapy, but only a minority of them will develop clinical symptoms 
(Chapter 88). In addition, the majority of all radiotherapy patients experience 
acute skin or mucosal toxicity, in particular radiation dermatitis, oral mucositis, 
and xerostomia.

Bone Marrow Depression

LD50 with
no treatment

LD50 with
antibiotics/

nursing

Potential for
bone marrow

transplantation

Dose (Gy)
0 2 4 6 8 10 12

GI Death

No
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FIGURE 17�3.  Schematic recommended treatment for acute radiation syndromes, as 
a function of the estimated dose that the individual received. Note the very narrow 
dose window for which bone marrow transplantations are potentially useful. (Adapted 
with changes from Hall EJ. Radiobiology for the Radiologist. 7th ed. Philadelphia: Lippincott 
Williams & Wilkins; 2012.)

Whole-Body Exposure Syndromes
For exposures below 2 Gy, no immediate treatment is needed (Fig. 17-3). 

For patients with potential hematopoietic syndrome (doses between 2 and 
10 Gy), the two primary treatment approaches are: �rst, antibiotics and barrier 
nursing, which can raise the human LD50 (the dose at which 50% of exposed 
individuals die) from about 4 Gy to 8 Gy; and second, granulocyte colony-
stimulating factor. A1  Subcutaneous G-CSF, �lgrastim (Neupogen, 10 �g/kg daily 
for up to 2 weeks), or peg�lgrastim (Neulasta, two 6 mg doses one week apart) 
are FDA-approved for the treatment of patients with radiation-induced myelo-
suppression following a radiological/nuclear incident. A placenta-derived adher-
ent stromal cell has been approved by the FDA for emergency treatment of 
acute radiation exposure in a possible nuclear event.9

The role of bone marrow transplantation in treating individuals with the 
hematopoietic syndrome is probably quite limited at doses less than about 9 Gy. 
In the aftermath of the Chernobyl accident, for example, 13 individuals under-
went bone marrow transplantation, and three deaths were directly attributed to 
the sequelae of the procedure in patients in whom the transplantation was not 
indicated based on their exposure. Conservative treatment regimens, including 
antibiotics, cytokine therapy, transfusions, and nursing are clearly e�ective, 
but current treatment options are very limited at doses above about 10 Gy, 
when the gastrointestinal syndrome becomes the dominant cause of death.

Radiotherapy Sequelae
Comparatively few drugs have been approved by the FDA for minimizing 

radiotherapy-associated sequelae. Amifostine (200 mg/m2 given intravenously 
daily, before each fraction of radiation therapy) A2  is FDA-approved for mini-
mizing radiotherapy-associated xerostomia, but its use has been limited by 
signi�cant toxicity, and data on its e�cacy are con�icting. A3  Several drugs have 
been designed to mitigate or treat the damage caused by radiation therapy, 
particularly to the mucosal barrier. Palifermin, which is a recombinant human 
keratinocyte growth factor, is FDA-approved (60 �g/kg/day administered as an 
IV bolus injection for 3 consecutive days before therapy and 3 consecutive days 
after therapy for leukemia or lymphoma) to decrease the incidence or duration 
of severe oral mucositis. A4  However, no medications have been consistently 
e�ective for reducing the gastrointestinal side e�ects of pelvic radiotherapy. A5 

For radiotherapy-induced dermatitis, mucositis, and xerostomia, treatments 
include topical agents for dermatitis (Chapter 409), analgesics for mucositis, 
and saliva substitutes for xerostomia. Beyond dermatitis, mucositis, and xero-
stomia, radiation-induced deterministic tissue e�ects are typically treated in 
the same way as their non-radiation-induced counterparts. For example, the 
treatment of radiation-induced coronary artery disease is no di�erent than  
the approach to coronary diseases in general (Chapters 62 to 65). However, 
the management of acute and chronic gastrointestinal symptoms after radio-
therapy requires a more specialized approach because of the risk for local 
stricture (Chapter 133).
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 PATHOBIOLOGY
UV radiations do not penetrate deeply into human tissues, so the injuries they 
cause are principally to the skin and eyes. �e biologic e�ects of UV radiation 
are primarily a�ributable to its absorption in DNA, where pyrimidine dimers 
and their products are produced. �ese products are generally very e�ciently 
removed, primarily through nucleotide excision repair but also through base 
excision repair, but errors in these repair processes ultimately can result in 
mutations. Although most UV radiation in sunlight is UVA, UVB is much 
more e�ciently absorbed by nucleic acids, and most of the biologic e�ects 
of sunlight are associated with UVB.

�e damaging e�ects of UV radiation are exacerbated in patients who have 
underlying defects in nucleotide excision repair. For example, studies of patients 
with xeroderma pigmentosum have provided key evidence of the link between 
UV light and skin cancer. In addition, the e�ects of UV are o�en enhanced 
in patients who are taking medications that contain photodynamic agents, 
such as tetracyclines, �uoroquinolones, nonsteroidal-anti-in�ammatory drugs, 
diuretics, statins, phenothiazines, thioxanthenes, and antifungals. Such drug-
related phototoxic reactions typically resolve a�er the drug is discontinued.

 CLINICAL MANIFESTATIONS
�e major acute e�ects of UVB exposure are sunburn and erythema, whereas 
UVA exposure is rarely the direct cause of sunburn. All ultraviolet radiations 
are well-established skin carcinogens (Chapter 193). Squamous cell carcinomas 
and basal carcinomas are typically associated with multiple or chronic expo-
sures to sunlight, whereas melanoma is linked primarily to episodes of acute 
sunburn. Lighter skinned individuals, whose skin and eyes contain less melanin, 
are more prone to all UV e�ects because melanin acts as a photoprotector. 
Acute exposures of the eye to UVB (Chapter 395) can cause �welder �ash� 
(photokeratitis), and chronic exposures are associated with cataracts as well 
as pterygium.

 PREVENTION
Excessive exposure to sunlight or other sources of UV radiation should be 
avoided, especially in fair-skinned individuals. UV radiation�screening lotions or 
creams and UV radiation�blocking sunglasses should be used when appropriate.

During signi�cant exposure to sunlight, it is important to use a broad-
spectrum sunscreen that provides protection from UVB as well as UVA. 
Standard recommendations are use of sunscreen with a sun protection factor 
(SPF) of 30, with reapplication at least every 2 hours. Likewise, sunglasses 
should be rated to block 99% or 100% of UVB and UVA radiation.

 Far-UVC Radiation
A particular UV wavelength, far UVC (207 to 222 nm), is an e�ective anti-
bactericidal agent.10 Because of its very limited penetration, it may be safe for 
human exposure, unlike typical UV radiation.

 Radiofrequency Radiations
Radiofrequency radiations are also part of the non-ionizing electromagnetic 
spectrum (E-Fig. 17-1). Examples are radiation emi�ed from mobile phones 
(800 to 2,000 MHz), from electric power lines (50/60 Hz), and from airport 
whole-body scanners (24 to 30 GHz). Biologic studies of low-level radiofre-
quency exposure have generally not shown measurable genotoxicity.

Numerous epidemiologic studies have focused on the e�ects of electric 
power line proximity and of cell phone usage.11 Although some early studies 
showed positive associations between exposure and health detriment, these 
studies have generally not proved consistent or repeatable. Further studies 
are, however, warranted, and an ongoing prospective European study is fol-
lowing 290,000 adult cell phone users over a 20-year period.
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Radio Microwave Infrared

Long wavelength = Low energy = Low frequency

Short wavelength = High energy = High frequency

Wavelength (m)

Frequency (Hz)

Non-ionizing Ionizing

Visible Ultraviolet X-ray Gamma ray

103–10–1 10–1–10–4 10–4–10–6 10–6–10–7 10–7–10–9 10–9–10–12 10–12–10–16

105–109 109–1012 1012–1014 1014–1015 1015–1017 1017–1020 1020–1024

E�FIGURE 17�1.  The electromagnetic spectrum. 
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REVIEW QUESTIONS
1.	 �e dominant sources of collective radiation dose to the U.S. population 

are from:
	A.	 Natural background
	B.	 Nuclear weapons testing fallout
	C.	 Medical-related exposures
	D.	 Natural background and medical exposures, about equally
	E.	 Nuclear power.

Answer: D  Natural background and medical, exposures each contribute almost 
half of the overall collective radiation dose to the population.

2.	 �ere is typically a latency period of 1 to 2 weeks between high-dose 
whole-body radiation exposure and manifest sickness. �is is because:
	A.	 Radiation damage repair occurs quite quickly.
	B.	 Manifest sickness does not typically appear until typical cell turnover 

times of self-renewing tissues.
	C.	 It takes some time for the body�s immune response to kick in.
	D.	 Radiation damage repair occurs very slowly.
	E.	 None of the above.

Answer: B  Both the hematopoietic syndrome and the gastrointestinal syn-
drome occur in self-renewing tissues, and manifest sickness does not occur 
until stem cell�driven cellular replacement is required in the self-renewing 
tissues.

3.	 If a typical population were exposed to moderate to high doses of ionizing 
radiation, most of the subsequent radiation-induced cancers would occur 
at what age?
	A.	 0 to 15 years
	B.	 15 to 35 years
	C.	 35-55 years
	D.	 55-75 years
	E.	 All ages, approximately equally

Answer: D  Radiation acts as a multiplier of the preexisting risks of cancer, 
and this natural cancer risk peaks at ages 55 to 75.

4.	 A dirty bomb (radioactive dispersal device) made from the radioactive 
isotope cesium-137 was detonated. Which of the following would be rea-
sonable countermeasures to limit internal exposure to radioactive cesium 
in those individual close to the explosion?
	A.	 Potassium iodide (KI) pills
	B.	 Intravenous DTPA (diethylenetriamine pentaacetate)
	C.	 Oral administration of Prussian Blue (Radiogardase)
	D.	 KI and DTPA
	E.	 KI, DTPA, and Prussian Blue

Answer: C  Prussian Blue prevents internal radiocesium from being reabsorbed 
and reduces its residence time in the body. KI is useful only for radioiodine, 
and DTPA is useful only for plutonium, americium, and curium.

5.	 An individual is exposed to a whole-body radiation dose of 4 Gy. Appropri-
ate treatment is:
	A.	 Antibiotics, barrier nursing, and administration of granulocyte-colony 

stimulating factor (G-CSF).
	B.	 Bone marrow transplantation.
	C.	 Intravenous amifostine.
	D.	 Active surveillance only.
	E.	 None of the above.

Answer: A  Antibiotics and barrier nursing to prevent infection, and admin-
istration of G-CSF to stimulate production of granulocytes.
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ABSTRACT
Although a terrorist or criminal may seek to use a number of infectious patho-
gens or toxins to cause illness or disability of humans, certain pathogens have 
properties that make them be�er candidates to cause large numbers of casual-
ties. �ese properties include the ability to be grown in large quantities, stability 
in the air, stability for storage, and ease of infection by the aerosol route. Of 
these potential pathogens or toxins, six have been deemed the highest potential 
threats if utilized properly: anthrax, smallpox, plague, tularemia, botulism, 
and viral hemorrhagic fevers. �is chapter discusses these speci�c agents.
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addition, patients can develop necrosis of cooler areas of the body, such as 
the tip of the nose, ears, or digits, due to a temperature-dependent coagulase 
produced by the organism. Septicemic plague may also occur in the absence 
of an antecedent bubo. Meningitis may occur from seeding through the blood 
stream. In pneumonic plague, the lungs are seeded secondarily by bacteremia 
from septicemic plague or primarily when a person inhales infectious droplets. 
Although naturally occurring pneumonic plague is rare, this form of disease 
is the major concern a�er intentional aerosol release. In patients with pneu-
monic plague, the disease can be spread to others. One of the hallmarks of 
the disease is the potential for purulent sputum to become hemorrhagic.

 DIAGNOSIS
Plague bacilli are readily identi�ed with Gram, Wright-Giemsa, or Wayson 
stains along with culture of the sputum or other infected body �uid, such as 
blood, �uid from a bubo, or cerebrospinal �uid. Other diagnostic methods 
include PCR for the F1 antigen, direct �uorescent antibody staining of body 
�uids, and serology by enzyme-linked immunosorbent assay or passive hem-
agglutination. However, serology is primarily useful in retrospect, because 
patients need to be treated empirically before a serologic response occurs.

 PREVENTION
Vaccination uses vaccinia, an orthopoxvirus related to variola. In the event of 
an outbreak, postexposure vaccination within 4 days can prevent or ameliorate 
disease and might be applied in a method of surveillance and containment 
as was used during global eradication.5,6 �e U.S. government has stockpiled 
enough doses for the entire U.S. population of a newer, cell-cultured product 
for use in a national emergency. �e surveillance and containment or ring 
vaccination method combines active case �nding with vaccination of potential 
contacts within a certain radius around the cases. Health care providers would 
need to be vaccinated, and airborne and contact precautions (HEPA �lter 
masks, negative-pressure rooms, gowns, gloves, eye protection) would be 
recommended in the hospital environment. Because the vaccine is a live agent, 
it is contraindicated in individuals with eczema or signi�cant exfoliative skin 
conditions or immune compromise in the preexposure se�ing. Even in normal 
hosts, it can be associated with inoculation of other locations on the body, 
spread to close contacts, disseminated disease, postvaccine encephalitis, pro-
gressive vaccinia in individuals with defective cell-mediated immunity, eczema 
vaccinatum in people with prior eczema, and pericarditis or myocarditis. In 
the postexposure se�ing, risk bene�ts would have to be weighed regarding 
which individuals at risk for complications might receive vaccine and whether 
vaccinia immune globulin might be administered concomitantly. First-line 
therapy for signi�cant vaccine reactions is vaccinia immune globulin.

 PROGNOSIS
�e case-fatality rate for the typical form of smallpox, variola major, is approxi-
mately 30%, but wide variations exist among races. In the minority of individuals 
who develop hemorrhagic smallpox or �at-type smallpox, the case-fatality 
rate approaches 100%. A di�erent viral strain, variola minor, has case-fatality 
rates of only about 1%. Survivors of smallpox are o�en le� with lifelong scar-
ring from the lesions. Blindness and bone deformities, especially in children, 
are also known complications.

  PLAGUE

 EPIDEMIOLOGY
Plague was responsible for millions of deaths during three pandemics. Plague 
was used as a weapon by the Japanese before World War II when they released 
infected �eas in Chinese cities, and it was included in the former Soviet Union�s 
biologic weapon arsenal. Plague is transmissible through the respiratory route, 
so an aerosol release could have devastating e�ects.

Plague is caused by the gram-negative coccobacillus Yersinia pestis (Chapter 
296). On light microscopy, the organism can have a bipolar appearance, making 
it look like a safety pin. In general, humans are infected by �eas feeding on 
rodents in areas where plague is enzootic or when their pets serve as vehicles 
for bringing �eas or the disease into their household. �e �Black Death� of 
the 14th and 15th centuries owed much of its persistence to the ubiquitous 
presence of rats in homes and a lack of appreciation for their role in disease 
transmission.

Each year in the United States, several human cases are reported, usually 
in the Southwest. Most of these cases are bubonic, although occasional pneu-
monic plague is linked to infections in domestic cats.

 PATHOBIOLOGY AND CLINICAL MANIFESTATIONS
Plague is manifested in three ways. Bubonic plague, which is the most common 
form, occurs a�er the bite of an infected �ea. �e organism spreads through 
the local lymphatics to the regional lymph nodes. As replication occurs, the 
lymph node or group of lymph nodes becomes swollen and extremely tender. 
As most �ea bites occur on the lower extremities, the inguinal and femoral 
lymph nodes are most o�en a�ected. Untreated bubonic plague can progress 
to septicemic plague a�er organisms gain entry to the blood stream. In 

 PREVENTION
�e anthrax vaccine, which is e�ective at preventing all forms of disease, has 
been reserved primarily for at-risk ranchers or veterinarians who have regular 
contact with herbivores, laboratory research personnel, and military personnel. 
�e vaccine is given as �ve doses intramuscularly over 18 months (day 0, 
followed by 1, 6, 12, and 18 months), with annual boosters if continued risk 
exists.

A�er a known exposure, chemoprophylaxis is recommended with cipro-
�oxacin (500 mg orally twice daily) or doxycycline (100 mg orally twice daily) 
for 60 days, although shorter durations are likely to be e�ective, especially 
if combined with vaccination. If the vaccine is available, three doses may be 
given concomitantly with antibiotics, but it is not licensed for this purpose and 
must be administered under an investigational protocol. Raxibacumab (dosed 
as before) is also approved for prophylaxis if antibiotics are not available.

 PROGNOSIS
Factors associated with survival from anthrax include antibiotics or anthrax 
antiserum given during the prodromal phase, pleural �uid drainage, and a 
multiple drug regimen. Case-fatality rates in untreated patients approach 100%, 
although 55% of the victims of inhalation anthrax survived in a 2001 outbreak 
because of antibiotics and modern intensive care.

  SMALLPOX

 EPIDEMIOLOGY
Although smallpox was o�cially eradicated in 1980, concerns exist about 
undeclared stores outside approved repositories in the United States and Russia. 

A B C

FIGURE 18�1.  Smallpox. A, Demonstrates centrifugal nature of the rash. B, Demonstrates coalescences of some pustules. C, Demonstrates umbilicated pustules. (From Fenner F, 
Henderson DA, Arita A, et al. Smallpox and its eradication. Geneva: World Health Organization; 1988.)

TREATMENT 

TREATMENT 

�e recent discoveries of unaccounted for vials of variola in the United States 
provide some credence to this concern. In addition to near-universal suscep-
tibility, the environmental stability of smallpox viral particles makes it a for-
midable potential weapon.

Smallpox is caused by variola virus, an orthopoxvirus (Chapter 348) 
closely related to cowpox, vaccinia, and monkeypox. Variola generally spreads 
to household and other close contacts, but it can spread farther distances 
through aerosolized droplet nuclei as well as by direct contact with patient 
secretions or fomites. Health care providers providing patient care or unsus-
pecting individuals who have contact with contaminated objects are also  
at risk.

 PATHOBIOLOGY AND CLINICAL MANIFESTATIONS
Infection initially occurs in the respiratory mucosa, followed by replication 
in the regional lymph nodes and then leads to an asymptomatic primary viremia 
that seeds the reticuloendothelial system. Approximately 1 week a�er infection 
(range, �1 to 2 weeks), a secondary viremia seeds the skin. At this time, the 
sudden onset of illness includes fever, headache, backache, and vomiting. 
Within 2 or 3 days of this prodrome, and o�en as the temperature falls, the 
characteristic rash begins with small papules in a centrifugal pa�ern (more 
on the face and extremities than on the trunk) that progress in synchronous 
fashion during the next week to vesicles, umbilicated pustules, and �nally 
scabs. Lesions are deep seated and can be intensely painful. Individuals are 
contagious at the onset of the rash and are considered free of contagion once 
the scabs have separated.

 DIAGNOSIS
Chickenpox (varicella; Chapter 351), which can be confused with smallpox, 
occurs predominantly on the trunk rather than on the extremities (a centripetal 
pa�ern), and the lesions occur in successive crops, so macules, papules, pus-
tules, and scabs can be seen simultaneously. In addition, varicella is transmis-
sible before onset of the rash, but contagiousness abates when all the lesions 
are scabbed. Other diseases in the di�erential diagnosis of smallpox include 
monkeypox (Chapter 348), other poxviruses, disseminated vaccinia in a vaccine 
recipient or contact, disseminated herpes zoster (Chapter 351) or herpes 
simplex (Chapter 350), impetigo (Chapter 412), drug eruptions (Chapter 
411), contact dermatitis (Chapter 409), erythema multiforme (Chapter 410), 
and ricke�sialpox (Chapter 311).

Clinical recognition of the characteristic rash (Fig. 18-1) should raise sus-
picion of smallpox. Diagnosis would likely come from PCR or viral culture 
of skin or blood samples or from acute and convalescent serologies.

A new monoclonal antibody, raxibacumab (single dose of 40 mg/kg IV during 
2 hours and 15 minutes after premedicating with diphenhydramine 25 to 50 mg 
IV), is approved for additional therapy of inhalational anthrax along with anti-
biotics on the basis of animal e�cacy data.3 Intravenous anthrax immune globulin 
has been given as adjunctive therapy to several patients, including three in 
the United States in 2006, 2009, and 2011 as well as several patients in the 
United Kingdom. Based on data in rabbits, it has been approved in the United 
States for use in addition to antibiotics for inhalational anthrax. Another anti-
body, obiltoxaximab (16 mg/kg IV), is also FDA-approved to treat inhalational 
anthrax in combination with appropriate antibacterial drugs or to prevent 
inhalational anthrax based on its e�cacy in rabbits and macaques, and safety 
in healthy human volunteers.4

 PREVENTION
Use of standard precautions is appropriate for bubonic plague. Droplet pre-
cautions should be applied for patients with pneumonic plague, including a 
private room where caregivers wear masks, gowns, gloves, and eye protection 
within 3 to 6 feet of the patients. �ese precautions should be continued until 
the patient demonstrates improvement and has been receiving e�ective anti-
biotics for 72 hours. Oral cipro�oxacin, levo�oxacin, or doxycycline is recom-
mended for postexposure prophylaxis of household contacts or individuals 
suspected of exposure in either the endemic or bioterrorism se�ing. Prophylaxis 
should continue for 7 days beyond the period of exposure.

No licensed vaccine for plague currently exists in the United States, and a 
previously licensed whole cell killed vaccine is no longer available. New vac-
cines are being studied.

 PROGNOSIS
Case-fatality rates are 50% or more for untreated bubonic plague and nearly 
100% for untreated septicemic and pneumonic plague. �ese fatality rates 
can be signi�cantly reduced with prompt recognition and appropriate therapy.

  TULAREMIA
Tularemia (Chapter 295) is caused by infection with the gram-negative, aerobic 
nonmotile coccobacillary organism Francisella tularensis. A zoonotic disease 
of rabbits, ground squirrels, and other small mammals, tularemia can infect 
humans by skin or mucous membrane contact with body �uids or tissues of 
infected animals or from the bite of infected deer�ies, mosquitoes, or ticks. 
Disease rarely occurs by inhalation of contaminated dusts or ingestion of 
contaminated food or water. Fewer than 150 cases of naturally occurring human 
tularemia are typically reported each year. However, the environmental stabil-
ity of F. tularensis as well as its very low infectious dose (as few as 10 organisms) 
makes it a potential weaponization threat.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
Clinical manifestations of tularemia depend on the route of exposure. Although 
six di�erent forms have been described, tularemia is perhaps more simplisti-
cally compared with plague, with glandular forms analogous to bubonic plague 
as well as pneumonic and typhoidal forms that present a clinical picture similar 
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addition, patients can develop necrosis of cooler areas of the body, such as 
the tip of the nose, ears, or digits, due to a temperature-dependent coagulase 
produced by the organism. Septicemic plague may also occur in the absence 
of an antecedent bubo. Meningitis may occur from seeding through the blood 
stream. In pneumonic plague, the lungs are seeded secondarily by bacteremia 
from septicemic plague or primarily when a person inhales infectious droplets. 
Although naturally occurring pneumonic plague is rare, this form of disease 
is the major concern a�er intentional aerosol release. In patients with pneu-
monic plague, the disease can be spread to others. One of the hallmarks of 
the disease is the potential for purulent sputum to become hemorrhagic.

 DIAGNOSIS
Plague bacilli are readily identi�ed with Gram, Wright-Giemsa, or Wayson 
stains along with culture of the sputum or other infected body �uid, such as 
blood, �uid from a bubo, or cerebrospinal �uid. Other diagnostic methods 
include PCR for the F1 antigen, direct �uorescent antibody staining of body 
�uids, and serology by enzyme-linked immunosorbent assay or passive hem-
agglutination. However, serology is primarily useful in retrospect, because 
patients need to be treated empirically before a serologic response occurs.

 PREVENTION
Vaccination uses vaccinia, an orthopoxvirus related to variola. In the event of 
an outbreak, postexposure vaccination within 4 days can prevent or ameliorate 
disease and might be applied in a method of surveillance and containment 
as was used during global eradication.5,6 �e U.S. government has stockpiled 
enough doses for the entire U.S. population of a newer, cell-cultured product 
for use in a national emergency. �e surveillance and containment or ring 
vaccination method combines active case �nding with vaccination of potential 
contacts within a certain radius around the cases. Health care providers would 
need to be vaccinated, and airborne and contact precautions (HEPA �lter 
masks, negative-pressure rooms, gowns, gloves, eye protection) would be 
recommended in the hospital environment. Because the vaccine is a live agent, 
it is contraindicated in individuals with eczema or signi�cant exfoliative skin 
conditions or immune compromise in the preexposure se�ing. Even in normal 
hosts, it can be associated with inoculation of other locations on the body, 
spread to close contacts, disseminated disease, postvaccine encephalitis, pro-
gressive vaccinia in individuals with defective cell-mediated immunity, eczema 
vaccinatum in people with prior eczema, and pericarditis or myocarditis. In 
the postexposure se�ing, risk bene�ts would have to be weighed regarding 
which individuals at risk for complications might receive vaccine and whether 
vaccinia immune globulin might be administered concomitantly. First-line 
therapy for signi�cant vaccine reactions is vaccinia immune globulin.

 PROGNOSIS
�e case-fatality rate for the typical form of smallpox, variola major, is approxi-
mately 30%, but wide variations exist among races. In the minority of individuals 
who develop hemorrhagic smallpox or �at-type smallpox, the case-fatality 
rate approaches 100%. A di�erent viral strain, variola minor, has case-fatality 
rates of only about 1%. Survivors of smallpox are o�en le� with lifelong scar-
ring from the lesions. Blindness and bone deformities, especially in children, 
are also known complications.

  PLAGUE

 EPIDEMIOLOGY
Plague was responsible for millions of deaths during three pandemics. Plague 
was used as a weapon by the Japanese before World War II when they released 
infected �eas in Chinese cities, and it was included in the former Soviet Union�s 
biologic weapon arsenal. Plague is transmissible through the respiratory route, 
so an aerosol release could have devastating e�ects.

Plague is caused by the gram-negative coccobacillus Yersinia pestis (Chapter 
296). On light microscopy, the organism can have a bipolar appearance, making 
it look like a safety pin. In general, humans are infected by �eas feeding on 
rodents in areas where plague is enzootic or when their pets serve as vehicles 
for bringing �eas or the disease into their household. �e �Black Death� of 
the 14th and 15th centuries owed much of its persistence to the ubiquitous 
presence of rats in homes and a lack of appreciation for their role in disease 
transmission.

Each year in the United States, several human cases are reported, usually 
in the Southwest. Most of these cases are bubonic, although occasional pneu-
monic plague is linked to infections in domestic cats.

 PATHOBIOLOGY AND CLINICAL MANIFESTATIONS
Plague is manifested in three ways. Bubonic plague, which is the most common 
form, occurs a�er the bite of an infected �ea. �e organism spreads through 
the local lymphatics to the regional lymph nodes. As replication occurs, the 
lymph node or group of lymph nodes becomes swollen and extremely tender. 
As most �ea bites occur on the lower extremities, the inguinal and femoral 
lymph nodes are most o�en a�ected. Untreated bubonic plague can progress 
to septicemic plague a�er organisms gain entry to the blood stream. In 

The primary therapy for smallpox remains supportive care. Potential 
therapies include cidofovir (5 mg/kg IV), a product licensed for treatment of 
cytomegalovirus retinitis in HIV-infected patients, and tecovirimat, which has 
been added to the strategic national stockpile for use in case of a smallpox  
outbreak.

TREATMENT 

The historic drug of choice has been streptomycin (1 g IM twice daily for 7 
to 10 days or for 3 days after the fever remits), but suitable alternatives include 
gentamicin (5 mg/kg IM or IV daily or a 2 mg/kg load followed by 1.7 mg IM 
or IV three times daily), doxycycline (200 mg IV load, then 100 mg IV every 12 
hours), cipro�oxacin (400 mg IV every 12 hours), moxi�oxacin (400 mg IV once 
daily), and levo�oxacin (500 to 750 mg IV once daily) (Table 18-2). The drug of 
choice for plague meningitis is chloramphenicol (25 to 30 mg/kg IV load, fol-
lowed by 50 to 60 mg/kg/day every 6 hours; on favorable clinical response, 
the dose can be reduced to 25 to 30 mg/kg/day every 6 hours).

TREATMENT 

 PREVENTION
Use of standard precautions is appropriate for bubonic plague. Droplet pre-
cautions should be applied for patients with pneumonic plague, including a 
private room where caregivers wear masks, gowns, gloves, and eye protection 
within 3 to 6 feet of the patients. �ese precautions should be continued until 
the patient demonstrates improvement and has been receiving e�ective anti-
biotics for 72 hours. Oral cipro�oxacin, levo�oxacin, or doxycycline is recom-
mended for postexposure prophylaxis of household contacts or individuals 
suspected of exposure in either the endemic or bioterrorism se�ing. Prophylaxis 
should continue for 7 days beyond the period of exposure.

No licensed vaccine for plague currently exists in the United States, and a 
previously licensed whole cell killed vaccine is no longer available. New vac-
cines are being studied.

 PROGNOSIS
Case-fatality rates are 50% or more for untreated bubonic plague and nearly 
100% for untreated septicemic and pneumonic plague. �ese fatality rates 
can be signi�cantly reduced with prompt recognition and appropriate therapy.

  TULAREMIA
Tularemia (Chapter 295) is caused by infection with the gram-negative, aerobic 
nonmotile coccobacillary organism Francisella tularensis. A zoonotic disease 
of rabbits, ground squirrels, and other small mammals, tularemia can infect 
humans by skin or mucous membrane contact with body �uids or tissues of 
infected animals or from the bite of infected deer�ies, mosquitoes, or ticks. 
Disease rarely occurs by inhalation of contaminated dusts or ingestion of 
contaminated food or water. Fewer than 150 cases of naturally occurring human 
tularemia are typically reported each year. However, the environmental stabil-
ity of F. tularensis as well as its very low infectious dose (as few as 10 organisms) 
makes it a potential weaponization threat.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
Clinical manifestations of tularemia depend on the route of exposure. Although 
six di�erent forms have been described, tularemia is perhaps more simplisti-
cally compared with plague, with glandular forms analogous to bubonic plague 
as well as pneumonic and typhoidal forms that present a clinical picture similar 
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  BOTULISM
Botulism is caused by exposure to one of eight related neurotoxins (A to H) 
produced by strains of Clostridium botulinum (Chapter 280), a ubiquitous 
anaerobic spore-forming gram-positive bacillus. Botulinum toxins, which are 
among the most toxic substances known, can be lethal in doses as low as 
0.001 �g/kg. �ese toxins block release of acetylcholine from presynaptic 
nerve terminals, thereby resulting in a generalized �accid paralysis with auto-
nomic dysfunction. Although most toxins are unstable in the environment 
and thus constitute dubious weaponization threats, the potent nature of botu-
linum toxin, coupled with the ease with which it might be used to contaminate 
food and water, makes it a concern. Naturally occurring human botulism is 
limited to types A, B, and E, although other toxin serotypes can produce an 
identical clinical syndrome. For this reason, a heptavalent antitoxin with activ-
ity against serotypes A-G was licensed in 2013.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
Botulism typically develops a�er a latent period ranging from hours to several 
days. Initial manifestations involve bulbar palsies, ptosis, photophobia, blurred 
vision, and other signs of cranial nerve dysfunction. Symptoms progress cra-
niocaudally, leading to dysphonia, dysphagia, and, ultimately, a descending 
symmetrical paralysis. In fatal cases, death typically results from respiratory 
muscle failure.

Although botulism may mimic other neurologic disorders, such as myas-
thenia gravis and the Guillain-BarrØ syndrome, the occurrence of an outbreak 
involving multiple cases of descending, symmetrical, �accid paralysis should 
make diagnosis of botulism relatively straightforward.

  VIRAL HEMORRHAGIC FEVERS

 EPIDEMIOLOGY
Viral hemorrhagic fever (Chapter 357) describes a clinical syndrome caused 
by four families of RNA viruses: �loviruses (Ebola and Marburg), arenaviruses 
(�Old World� Lassa fever and �New World� South American viruses, Machupo, 
Junin, and others), bunyaviruses (hantaviruses, Crimean Congo hemorrhagic 
fever, and Ri� Valley fever), and �aviviruses (yellow fever and dengue) (E-Table 
18-1). Agents of greatest concern from a bioterrorism perspective include the 
�loviruses and arenaviruses, which are infectious by the aerosol route and can 
replicate well in cell culture for large-scale production and whose clinical 
syndrome of hemorrhage and fever engenders fear. �e massive outbreak of 
Ebola virus disease in West Africa in 2013-16 demonstrated the devastation 
that a hemorrhagic fever virus can have on a population, even without bioter-
rorism, in an environment conducive to spread, including limited medical 
infrastructure, mobile populations, mistrust of government, and close contact 
during burial practices, among other factors.7

 PATHOBIOLOGY AND CLINICAL MANIFESTATIONS
Once virus gains entry through the skin, mucous membranes, or respiratory 
tract, replication occurs in macrophages and dendritic cells. Organisms are 
then transported to regional lymph nodes and eventually through the lym-
phatics and blood stream to target organs, such as the liver and spleen, where 
local necrosis occurs. �e body responds with activation of cytokines and 
chemokines, and massive depletion of lymphocytes disables the host�s adap-
tive immune response. A sepsis-like picture ensues, with declining mean arterial 
pressure, increased vascular permeability, and a bleeding diathesis.

Clinical features of the hemorrhagic fevers include the acute onset of malaise, 
sore throat, fever, skin �ushing, conjunctival injection, prostration, myalgias, 
and nonbloody diarrhea. �ese viruses have signi�cant di�erences in the 
prominence of individual clinical �ndings. For example, dengue, the �loviruses, 
and Lassa more commonly cause a maculopapular rash in the �rst week. �e 
�loviruses and South American viruses more typically cause obtundation and 
encephalitis. Although all of these produce modest elevations of aminotrans-
ferase levels, yellow fever and Ri� Valley fever are known for causing signi�cant 
hepatic dysfunction, thereby resulting in icterus and jaundice. Depending on 
a number of factors, including virulence, route of exposure, inoculum, and 
other host factors, illness can progress in the second week to overt signs of 
bleeding, including petechiae, purpura, ecchymoses, and oozing from veni-
puncture sites. Electrolyte abnormalities and large volume gastrointestinal 
losses were reported during the 2013-16 West Africa Ebola outbreak. Massive 
bleeding occurs uncommonly, but if it does, the source is usually the gastro-
intestinal tract. Severe cases will demonstrate a combination of neurologic 
and hematologic abnormalities.

 DIAGNOSIS
Numerous more common diseases should be considered in the di�erential 
diagnosis of a viral hemorrhagic fever, including ricke�sial infections (Rocky 
Mountain spo�ed fever, ehrlichia, anaplasma, and African tick typhus; Chapter 
311), leptospirosis (Chapter 307), meningococcemia (Chapter 282), typhoid 
(Chapter 292), and falciparum malaria (Chapter 324). However, a viral hem-
orrhagic fever should be considered in patients who present with a clinically 
compatible syndrome, especially if a cluster of cases is seen. Laboratory features 
may include thrombocytopenia, elevated aminotransferase levels, leukopenia, 
anemia (although an elevated hematocrit may be seen in patients with signi�-
cant vascular leakage, as is sometimes seen with dengue and hantaviruses), 
hematuria, and proteinuria. PCR, viral culture, immunoglobulin M�speci�c 
enzyme-linked immunosorbent assay, acute and convalescent serology, or 
immunohistochemistry on autopsy specimens can establish the diagnosis. 
Routine clinical specimens and any a�empt at viral isolation require a biosafety 
level 3 or 4 laboratory with expert consultation from the Centers for Disease 
Control and Prevention or the U.S. Army Medical Research Institute of Infec-
tious Diseases.

to what is seen in pneumonic and septicemic plague. A preponderance of 
these la�er forms would be expected a�er an intentional release by aerosol. 
A�er an incubation period of 2 to 10 days, symptoms begin with fever and 
proceed to include severe exhaustion, substernal chest pain, nonproductive 
cough, and weight loss.

Diagnosis, which requires isolation of the organism in blood, sputum, skin, 
or mucus membrane lesions, may be di�cult because of unusual growth 
requirements and overgrowth of commensal organisms. �erefore, serology 
is the mainstay of diagnosis, o�en in retrospect. Because of the risk of spread 
to microbiology laboratory personnel, it is important to notify the laboratory 
if infection with this organism is suspected.

Treatment of tularemia is similar to that of plague, with aminoglycosides for 
10 to 14 days; streptomycin and gentamicin are considered the drugs of choice, 
although cipro�oxacin is a newer potential alternative (Table 18-2). Doxycycline/
tetracycline and chloramphenicol are second-line choices because their use 
has been associated with relapses, and the recommended duration of therapy 
is 14 to 21 days.

Person-to-person spread is unusual, and standard precautions are adequate 
in caring for ill individuals. For known exposures, prophylaxis with tetracycline 
(500 mg orally four times a day for 2 weeks) is e�ective if it is begun within 24 
hours of exposure; consensus recommendations in a bioterrorism setting are 
doxycycline 100 mg or cipro�oxacin 500 mg orally twice a day as postexposure 
prophylaxis. A live attenuated vaccine has proven e�cacy in preventing disease 
due to laboratory exposures and aerosol challenge in human volunteers, but 
it is not readily available to the public.

The case-fatality rate for untreated pneumonic and typhoidal tularemia is 
35%, but this rate can be reduced to less than 5% with appropriate treatment.

TREATMENT AND PROGNOSIS 

Supportive care measures plus antitoxin, including meticulous attention to 
ventilatory support, are the mainstay of botulism management. Patients may 
require such support for several months, so the management of a large-scale 
botulism outbreak would be resource intensive. Botulism is not contagious, so 
standard precautions are appropriate. The �rst victims of an outbreak may have 
higher case-fatality rates because of delays in recognition. Those who recover can 
have long-term sequelae, such as dyspnea on exertion, fatigue, and weakness.

TREATMENT AND PROGNOSIS 

No licensed therapies exist for the viral hemorrhagic fevers, so supportive 
care is the primary means of management with close attention to �uid status, 
electrolytes, avoidance of procedures that cause bleeding and medications 
that impair platelet function, use of blood products as necessary, use of 

TREATMENT 
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E�TABLE 18�1	 COMPARISON OF VIRAL HEMORRHAGIC FEVER AGENTS*

FAMILY VIRUS ENDEMIC AREA FATALITY RATE
NOSOCOMIAL 

TRANSMISSION COUNTERMEASURES
Filoviruses Ebola Africa, Philippines 

(Reston)
18.5-90% (Sudan/Zaire) Yes Reduced fatality rates with supportive care, including �uid and 

electrolyte management. Randomized controlled trial of 
ZMapp demonstrated lower fatality, but was not statistically 
signi�cant. Lowest fatality rates occurred in U.S. and European 
intensive care se�ings

Marburg Africa 23-70% Yes
Arenaviruses Lassa West Africa 1-2% Yes Ribavirin e�ective in a clinical trial with nonrandomized controls

Junin Argentine Pampas 30% Rare Immune plasma; reports of bene�t with ribavirin; Candid#1 
vaccine protective; not available in the United States

Machupo Bolivia 25-35% Rare Immune plasma; reports of bene�t with ribavirin
Bunyaviruses Crimean-Congo 

hemorrhagic fever
Africa, southeast Europe, 

Central Asia, India
30% Yes Anecdotal success with ribavirin treatment

Ri� Valley fever Africa �0.5% No Livestock vaccines in Africa; U.S. Department of Defense has 
two experimental vaccines

Hantaviruses Europe, Asia, South 
America (rare)

5% (Asian hemorrhagic 
fever with renal 
syndrome)

No� Vaccines available in Asia; ribavirin e�ective in randomized trial 
for hemorrhagic fever renal syndrome but not licensed for that 
purpose

Flaviviruses Yellow fever Africa, South America 3-12% (20-50% if second 
phase develops)

No 17D live a�enuated vaccine

Kyasanur Forest Southern India 3-5% No Formalin-inactivated vaccine in India
Omsk Siberia 0.2-3% No Tick-borne encephalitis vaccines (not in United States) may o�er 

some cross protection
*Adapted from Withers MR, Alves DA, Bell TM, et al. USAMRIID�s Medical Management of Biological Casualties Handbook, 8th ed. September 2014. Fort Detrick, MD. Accessed from www.usamriid.army.mil on 
May 17, 2019.
�Exception is Andes, which causes hantavirus pulmonary syndrome (not addressed in this chapter).



health department, the state health department, and potentially the Centers 
for Disease Control and Prevention. Unlike a natural outbreak, a potential 
bioterror outbreak also requires a rapid dialogue between public health and 
law enforcement authorities, because patient and environmental samples 
constitute evidence against a perpetrator and must be handled under chain 
of custody. Physicians also must be prepared not only to protect themselves 
and their patients but also to serve as community resources, regardless of 
whether an outbreak is natural or terrorist in origin.

 PREVENTION
Yellow fever vaccine is the only licensed vaccine against a viral hemorrhagic 
fever in the United States. Experimental vaccines exist against Junin virus and 
Ri� Valley fever virus, but these vaccines have been used primarily to protect 
laboratory workers. Randomized trials have shown bene�t from an experi-
mental vesiculostomatitis Ebola vaccine. A1 

,
 A2 

Certain viral hemorrhagic fevers (primarily Ebola, Marburg, Lassa, and 
Crimean-Congo hemorrhagic fever) produce high-level viremia during the 
period of greatest bleeding risk and body �uid production, thereby making 
them notorious for causing nosocomial outbreaks. In general, these outbreaks 
occur in environments, such as sub-Saharan Africa, where basic infection 
control practices are inadequate because of limited resources (e.g., lack of 
gowns, gloves, and eye protection as well as reuse of unsterilized needles and 
syringes). Spread of these viruses in the nosocomial environment can be sig-
ni�cantly reduced with standard precautions that limit contact with blood 
and body �uids, although over 800 health care workers became infected in 
West Africa. In caring for patients who may spread disease, the use of masks 
along with gowns, gloves, and eye protection is recommended. Many cases 
in the United States and Europe were cared for in biocontainment units spe-
ci�cally designed to reduce nosocomial spread to caregivers.10

 PROGNOSIS
Hemorrhagic viruses exhibit a wide range of mortality rates, ranging from less 
than 1% with Ri� Valley fever to 80 to 90% with Ebola Zaire (E Table 18-1). 
Despite the notoriety of these viruses for causing hemorrhage, the majority 
of individuals do not die of blood loss. Rather, death results from a sepsis-like 
picture, including a loss of vascular hemostasis, disseminated intravascular 
coagulation, hypotension, renal failure, shock, and death. Provision of intensive 
care appears to have bene�t.

  RESPONSE TO A BIOTERRORISM ATTACK
Even a relatively small bioterror event can have profound consequences. A�er 
the 2001 anthrax mailings, thousands of people were prescribed antibiotic 
prophylaxis, and government buildings were closed for decontamination. Since 
that event, signi�cant improvements in future responses to a bioterrorism 
event include the licensure, manufacture, and storage of enough smallpox 
vaccine for everyone in the United States; production of anthrax and botulinum 
antitoxins for the strategic national stockpile; and development of protocols 
and authority for response.

However, the early detection of the release of a pathogen remains a signi�-
cant challenge. �e 2013-16 Ebola outbreak also identi�ed shortcomings in 
preparedness, which may be mitigated, in part, by establishing a network of 
biocontainment units. A recent proposed framework for pandemic prepared-
ness included four main features: ensuring the global community commits 
appropriate �nancial resources and monitors progress; reinforcing national 
public health capabilities and infrastructure; strengthening the leadership role 
of the World Health Organization; and enhancing the scienti�c armory against 
infectious diseases. Such principles would easily apply to bioterrorism pre-
paredness as well.11

In any future bioterror a�ack, early warning signs might include clusters 
of patients with mediastinal adenopathy or widened mediastinum on the chest 
radiograph, a centrifugal pustular rash (smallpox), pneumonia and hemoptysis 
(plague), descending �accid paralysis (botulism), or hemorrhagic manifesta-
tions and impaired clo�ing (viral hemorrhagic fever). Should such a cluster 
be identi�ed or suspected, physicians should contact the local county or city 

vasopressors for hypotension, and dialysis for renal failure. Close attention to 
�uid status has signi�cantly reduced mortality from dengue, and aggressive 
�uid repletion has been needed to address signi�cant loss of �uid volume due 
to diarrhea, electrolyte abnormalities, and protein/nutritional depletion in Ebola 
infections.8 For Ebola infected patients during the 2013-16 West Africa Ebola 
outbreak, intensive care in Europe and the United States reduced mortality to 
18.5%. Oral ribavirin or intravenous ribavirin (see Table 18-2) under an approved 
experimental protocol can reduce mortality in Lassa hemorrhagic fever, and it 
also appears to be bene�cial against Argentine hemorrhagic fever (Junin virus) 
and hantaviruses that cause hemorrhagic fever with renal syndrome. It has no 
apparent e�cacy against �loviruses (Ebola or Marburg) or �aviviruses (dengue, 
yellow fever). Use of the monoclonal antibody cocktail ZMapp for Ebola appeared 
bene�cial in a randomized controlled trial, but the bene�t did not reach statisti-
cal signi�cance.9
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Answer: C  Bubonic plague is not communicable person-to-person, but it is 
spread by �eas. �erefore, standard precautions would normally be utilized. 
However, pneumonic plague is spread by large droplets, so patients require 
droplet precautions: a private room with caregivers wearing gowns, gloves, 
surgical masks, and eye protection. Although this patient likely has bubonic 
plague, victims of bubonic plague can develop secondary pneumonic plague 
a�er organisms enter the bloodstream. �is patient has a productive cough, 
so droplet precautions should be utilized as an initial precaution until (a) 
pneumonic plague is excluded by sputum culture or (b) the patient has been 
on adequate antibiotic coverage for 72 hours with clinical improvement. Air-
borne precautions also are utilized for certain viral infections (measles, varicella) 
and tuberculosis that are spread by much smaller droplet nuclei. Most hospital 
facilities should be able to manage bubonic or pneumonic plague safely without 
the need to send the patient to a biocontainment unit.

4.	 A patient comes to your o�ce complaining of fever, unilateral leg weakness, 
and di�culty speaking. He mentions in his history that his wife does home 
canning. You entertain the possibility of botulism. What would be your 
next step?
	A.	 Administer heptavalent botulinum antitoxin.
	B.	 Intubate the patient immediately.
	C.	 Put the patient in the intensive care unit and conduct serial assessments 

of tidal volume.
	D.	 Call his wife and have the canned goods tested for botulinum toxin.
	E.	 Entertain a di�erent diagnosis, because this is not botulism.

Answer: E  Discussion: Botulism presents with a descending �accid paralysis, 
so victims may present with cranial nerve abnormalities and the classic �4 
Ds� (diplopia, dysphonia, dysarthria, dysphagia), in addition to blurred vision, 
neck weakness, or di�culty breathing. Because patients are usually exposed 
to preformed toxin, either ingested or inhaled (in a bioterrorism event or lab 
accident), they do not usually have fever. Some patients who develop Clos-
tridium botulinum infection in wounds or the sinuses have spores that germinate 
and suppurate may then develop fever. �erefore, choices A, B, C, and D are 
not appropriate. �is patient is having unilateral neurologic signs that point 
toward a space-occupying lesion in the brain, such as a brain abscess or intra-
cerebral hemorrhage. It would be more appropriate to obtain an imaging study 
and consult a neurologist.

5.	 You admit a patient who recently returned from sub-Saharan Africa to 
your intensive care unit with a diagnosis of Ebola virus disease. Which of 
the following should be the primary means used to treat the patient?
	A.	 Convalescent serum
	B.	 Supportive care with a�ention to �uid management and electrolytes
	C.	 �e antiviral brincidofovir
	D.	 TKM Ebola antiviral
	E.	 Antibiotics

Answer: B  �e mainstay of therapy for Ebola virus disease is supportive care, 
which includes close a�ention to �uid management, renal function, respiratory 
status, and electrolytes. Such careful management is credited with the much 
lower case-fatality rate in U.S. and European se�ings than in resource-poor 
se�ings. Several di�erent experimental therapies were utilized during the 
2013-16 outbreak of Ebola in West Africa. Unfortunately, none of these dem-
onstrated de�nite bene�t in the di�erent types of studies that were conducted, 
many of which utilized historical controls. A multicenter, randomized controlled 
clinical trial of the monoclonal antibody cocktail called ZMapp demonstrated 
a reduced case-fatality rate when utilized with supportive care compared with 
supportive care alone, but it did not reach statistical signi�cance. Patients who 
received care in U.S. centers o�en received multiple experimental therapies, 
including broad spectrum antibiotics. No conclusions can be made regarding 
their impact on the overall patient outcomes, but they would be supplementary 
to compulsive supportive care.

REVIEW QUESTIONS
1.	 An air detector in your city has indicated that there has been an aerosol 

a�ack with smallpox. �is has been veri�ed by the state health department. 
You are seeing several individuals suspected of having been exposed during 
the a�ack that occurred 3 days ago. What would be the appropriate man-
agement for these individuals?
	A.	 Give vaccinia immune globulin at the earliest opportunity.
	B.	 Vaccinate exposed individuals with the smallpox vaccine (ACAM2000).
	C.	 Vaccinate exposed individuals with the smallpox vaccine, except those 

with eczema.
	D.	 �ere is nothing you can o�er at this point except reassurance.
	E.	 You can treat them with cidofovir.

Answer: B  Studies of historical outbreaks have demonstrated that a�er expo-
sure to smallpox, it has been possible to prevent or to ameliorate smallpox 
disease by vaccination before the onset of illness. However, the vaccination 
must occur as soon as feasible a�er exposure, usually within 4 or 5 days, to 
have maximum likelihood of bene�t. Although the vaccine can cause adverse 
e�ects in immunocompromised people and individuals with skin disorders, 
such as eczema, there are no contraindications to vaccination in the event of 
a true exposure. Cidofovir is potentially nephrotoxic and has been used for 
treatment but not for prevention. Vaccinia immune globulin is primarily used 
for treatment of vaccine adverse events, not for smallpox disease. Finally, a 
newer vaccine, modi�ed vaccinia Ankara, which is believed to have less risk 
for immunocompromised individuals, is under study as a potential 
alternative.

2.	 You become aware of a large outbreak of nontyphoidal Salmonella in your 
community. Which of the following is not true?
	A.	 More cases than would be expected in the community might be a clue 

of intentional spread.
	B.	 A genetic match between patient isolates, a laboratory at a suspicious 

local cult, and local salad bars may indicate intentional spread.
	C.	 �is outbreak is unlikely to be spread intentionally because Salmonella 

is not considered a high-threat agent.
	D.	 Disease in a speci�c ethnic group may indicate intentional targeting 

with the infectious agent.
	E.	 An unusual antibiotic susceptibility pa�ern of the organism might indi-

cate intentional tampering.
Answer: C  Public health authorities have designated certain organisms as 
most concerning (category A agents) based on characteristics such as the 
ability to grow in large quantities, stability in aerosol, and ability to infect by 
the aerosol route. However, we are unable to understand a speci�c perpetra-
tor�s criminal intentions; the perpetrators may not have access to the classic 
highest risk bioweapon agents, and they may instead use an organism that is 
easier to obtain. �is is what occurred in the Dalles, Oregon, outbreak in 
1984, when the Rajneesh cult contaminated local salad bars with Salmonella 
typhimurium. �ese types of outbreaks are di�cult to pinpoint as arti�cially 
caused, so it is useful to look at historical outbreaks or potential clues [as 
mentioned in Table 18-1] that deviate from what might normally be expected.

3.	 In the emergency department, you see a patient who presents with fevers, 
chills, and rigors. She has a productive cough as well as an extremely tender 
and enlarged lymph node in the right groin. You are concerned about the 
possibility of bubonic plague. What type of infection control would you 
immediately recommend?
	A.	 Standard precautions
	B.	 Contact precautions
	C.	 Droplet precautions
	D.	 Evacuate the patient to a specialized biocontainment facility that can 

handle Ebola
	E.	 Airborne precautions
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ABSTRACT
Comprising 80% of the periodic table, heavy metals are an integral part of 
human life and physiology. Chronic exposure to many metals, however, can 
result in systemic toxicity. In this chapter, we will discuss clinical manifestation 
and pathophysiology of poisoning from lead, mercury, arsenic, cadmium, 
aluminum, cobalt, silver, thallium, zinc, and manganese.
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chronic toxicity
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ionize into more readily absorbed forms. Elemental mercury toxicity occurs 
primarily by inhalation of the vapor into the alveoli, where it is well absorbed 
in the pulmonary circulation and readily crosses the blood-brain barrier. In 
the brain, it interferes with multiple cellular processes, including protein and 
nucleic acid synthesis. Mercury also inhibits catechol-O-methyltransferase, 
thereby elevating circulating catecholamine levels.

Inorganic mercury is absorbed a�er ingestion, initially binds the gastro-
intestinal mucosa, and accumulates in the kidneys, where it exerts direct oxi-
dative damage. Although it does not readily cross the blood-brain barrier, 
CNS toxicity can be seen with chronic exposures because of the prolonged 
elimination rate. Mercuric ions do not appear to cross the placental barrier.

Organic mercury compounds are readily absorbed a�er ingestion and inha-
lation and are moderately absorbed a�er dermal exposure, particularly if skin 
is not intact. Owing to its high lipid solubility, organic mercury crosses the 
blood-brain barrier and concentrates in the CNS. It can also cross the placental 
barrier and concentrate in the fetus. Organic mercury concentrates in red 
blood cells, distributes throughout the body, and is primarily eliminated in 
the feces. Some forms of organic mercury are metabolized in the body to 
inorganic mercury compounds. Toxicity results from its inhibition of enzyme 
systems and interference with cellular maturity, microtubule function, and 
neurotransmi�er synthesis and uptake.

CLINICAL MANIFESTATIONS
�e manifestations of elemental mercury toxicity vary depending on the dose 
and chronicity of the exposure. Inhalation of high concentrations of mercury 
vapor, as may occur in an industrial se�ing, may result in cough, chills, fever, 
and shortness of breath. Nausea, vomiting, and weakness may result. �is 
syndrome may progress to a severe acute lung injury and respiratory as well 
as renal failure. Chronic exposure to lower concentrations of mercury vapor 
produces a classic triad of tremor, gingivostomatitis, and neuropsychiatric 
disturbances. �e mercurial tremor may be both static and intentional. Sudden 

Modi�ed from Nelson L, Goldfrank LR. Gold�ank�s Toxicologic Emergencies. 9th ed. New York: 
McGraw-Hill Medical; 2011.

TABLE 19�1	 DIAGNOSTIC TESTING FOR METALS:  
REFERENCE RANGES

METAL
SERUM 
LEVEL

WHOLE 
BLOOD LEVEL

SPOT 
URINE

24-HOUR 
URINE

Lead �5 �g/dL
Mercury �10 �g/L �20 �g/L �5 �g/g 

creatinine
Arsenic �5 �g/L �50 �g/L or 

�100 �g/g 
creatinine

Cadmium �5 �g/L �3 �g/g 
creatinine

Aluminum �2 �g/L �12 �g/L 4-12 �g/g 
creatinine

Bismuth �1 �g/dL �5 �g/dL �20 �g/L
Cobalt 0.1-1.2 �g/L 0.1-2.2 �g/L
Manganese 0.9-2.9 �g/L 4-15 �g/L �10 �g/L
Silver �1 �g/L �2 �g/L
�allium �2 �g/L �5 �g/L
Zinc 109-130 �g/dL 600-1000 �g/dL �500 �g/day

The �rst step in management of patients with elevated lead levels is prompt 
removal of the source, although the e�ectiveness of household environmental 
cleanup and educational initiatives is disappointing. A1 

,
 A2  If lead comes from a 

work-related source, the Occupational Safety and Health Administration should 
be contacted. Chelation increases excretion of lead in a 24-hour urine sample 
and thereby decreases blood concentrations, but studies to date with the che-
lating agent succimer (2,3-dimercaptosuccinic acid, DMSA) in children have 
not shown improved neuropsychological function despite success in reducing 
blood lead levels. The current recommendation is that asymptomatic adults 
with blood lead levels of less than 70 �g/dL do not require chelation, patients 
with mild symptoms or blood lead levels between 70 and 100 �g/dL should 
receive only oral chelation, and patients with lead-induced encephalopathy or 
blood lead levels above 100 �g/dL should be considered for parenteral chela-
tion. Although DMSA is approved by the Food and Drug Administration only 
for children, it also is commonly used in adults (Table 19-2).

Whole bowel irrigation with a polyethylene glycol�electrolyte solution should 
be considered if a patient has retained a gastrointestinal lead object. Patients 
who have lead-containing bullet fragments lodged in soft tissues or joint spaces 
may need to have them surgically removed.

TREATMENT 
By depositing lead-protein complexes in renal proximal tubular cells, lead 

interferes with normal mitochondrial function, thereby resulting in decreased 
reabsorption of glucose, amino acid, and phosphate. Chronically exposed 
persons can develop renal failure from tubular atrophy, interstitial �brosis, 
and glomerular sclerosis.

Although lead has not been associated with speci�c bone-related disorders, 
the skeletal system serves as the main reservoir for lead; with chronic exposure, 
lead stores in bone can have a half-life of 5 to 19 years. As a result, tissues may 
be subjected to increased lead exposure during times of accelerated bone 
turnover, such as during childhood growth, a�er a long bone fracture, or 
during pregnancy.

CLINICAL MANIFESTATIONS
Lead poisoning can be subtle and di�cult to diagnose because many of its 
historical clinical associations (e.g., neuropathy, gout, abdominal colic) are 
rarely seen today. In children, the most concerning long-term complications 
of environmental lead exposure are developmental cognitive de�cits, especially 
when lead concentrations in young children exceed 100 �g/dL. Subacute 
neurologic problems include ataxia, lethargy, seizures, and coma. Adults can 
also experience severe neurologic symptoms (e.g., seizures and cerebral edema) 
with plumbism, but typically only when whole blood lead levels are higher 
than 150 �g/dL. More commonly, the neurologic problems caused by lead 
in adults are manifested as memory problems, insomnia, depression, personal-
ity changes, and an increased risk of cardiovascular disease.4

Other clinical e�ects of lead poisoning, in both children and adults, include 
a normocytic or microcytic anemia, abdominal pain, hepatotoxicity, and pan-
creatitis. �e classic �nding of peripheral neuropathy with footdrop and wrist-
drop is well described in adults but only occasionally seen in children. 
Nephrotoxicity most commonly is manifested as Fanconi syndrome (Chapter 
119) with aminoaciduria, glycosuria, and phosphaturia. A consequence of 
this toxicity is impaired uric acid clearance and gout. High lead levels also 
probably increase the risk of hypertension.

DIAGNOSIS
Diagnosis of lead intoxication involves a high level of suspicion. �e best 
initial test is a whole blood lead level collected in a certi�ed lead-free tube 
(Table 19-1). �e blood lead level can be falsely elevated in individuals who 
have received chelation therapy, which mobilizes tissue lead stores, in the 
prior 7 days.

Radiographic imaging can support the diagnosis of lead poisoning and 
sometimes detect a lead-containing object or a retained bullet. Bone x-ray 
�uorescence technology can estimate bone lead levels, which can re�ect chronic 
lead exposure, but this test is mostly a research tool and is not commonly 
available.

PROGNOSIS
Despite controversy about long-term recovery from lead-associated cognitive 
de�cits in children, adults with neurologic symptoms improve with removal 
of the exposure. �e hematologic and nephrotoxic e�ects of lead also are 
reversible.

	 MERCURY TOXICITY

EPIDEMIOLOGY
Mercury (Hg) is a naturally occurring metal with three distinct forms. Although 
all forms are neurotoxic, elemental mercury (Hg0) also causes pulmonary 
toxicity, inorganic mercury (Hg� or Hg��) causes gastrointestinal and renal 
toxicity, and organic mercury (ethyl, methyl, alkyl, or phenyl) is a teratogen.

Elemental mercury is found in dental amalgams, thermometers, �uorescent 
lamps, ba�eries, and some paints. Occupational exposures may occur in dentists 
and dental hygienists, painters, gold extractors, bronzers, electroplaters, metal-
lurgists, paper pulp manufacturers, miners, ceramic workers, and other workers 
who use mercury in processing. Mercury thermometers are becoming increas-
ingly rare, and many countries have banned them because of potential mercury 
toxicity. Toxicity from elemental mercury is caused primarily from breathing 
its volatilized vapor.

Inorganic mercury has been used historically as a medicinal, cosmetic, and 
topical antiseptic in the forms of HgCl (calomel) and HgCl2 (mercuric chlo-
ride). It is also used in the tanning industry, in taxidermy, in manufacturing 
of �reworks, and in dye manufacturing. Inorganic mercury may also be found 
in patent medicines, folk remedies (such as empacho among Mexican Ameri-
cans), skin lightening creams, and Asian herbal remedies. Toxicity may occur 
from ingestion, inhalation, or dermal absorption.

Organic mercury compounds can be classi�ed as short-chain alkyl (such 
as methylmercury), long-chain alkyl, and aryl compounds. �e aryl compounds, 
such as thimerosal, behave like inorganic mercurial compounds. Methyl mercury 
has caused several large-scale human poisoning epidemics.

Soil and marine organisms methylate inorganic mercury from the air and 
industrial waste. �rough a process known as bioampli�cation, methyl mercury 
concentrates in the tissues of marine life, reaching highest concentrations in 
large predatory �sh such as tuna and sword�sh. Fish consumption is now the 
largest route of organic mercury exposure in the general population. Organic 
mercury is also used as a fungicide, pesticide, wood preservative, and medicinal 
antiseptic or preservative (Mercurochrome and thimerosal). Toxicity is typi-
cally by ingestion.

PATHOBIOLOGY
�e pathophysiology of mercury poisoning is related to its disruption of cell 
physiology by binding to sul�ydryl, phosphoryl, carboxyl, and amide groups, 
thereby causing widespread dysfunction of normal cellular mechanisms. Each 
type of mercury causes di�erential e�ects depending on its route of exposure, 
solubility, and lipophilicity.

Elemental mercury is poorly absorbed by ingestion. If gastrointestinal motil-
ity or mucosal integrity is compromised, however, elemental mercury may 
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episodic bursts of tremor, also called tetanus mercurialis, have been described. 
Neuropsychiatric manifestations of mercury poisoning, also known as erethism, 
include fatigue, insomnia, memory dysfunction, social withdrawal, shyness, 
and depression.

Inorganic mercury poisoning can occur a�er dermal or mucosal absorp-
tion of mercury-containing cosmetics and teething powders as well as a�er 
accidental or intentional ingestion of mercuric chloride antiseptics. A�er acute 
ingestion, a hemorrhagic gastroenteritis is typically followed by renal failure 
from acute tubular necrosis. Chronic exposure is associated with erethism, 
renal dysfunction, and neurologic manifestations such as sensorimotor neu-
ropathy, constriction of visual �elds, tremor, and delirium. Acrodynia, or pink 
disease, has been described a�er elemental or inorganic mercury exposure, 
most notably in children a�er exposure to mercurial teething powder and 
diaper ointment. �is syndrome is manifested as an erythematous, hyper-
keratotic, o�en desquamating rash on the palms, soles, and face in conjunc-
tion with a papular rash. Acrodynia is also associated with an idiosyncratic 
hypersensitivity to mercury ions and mercury poisoning, which itself can 
increase circulating catecholamines and mimic pheochromocytoma (Chapter 
215). Common �ndings include tremor, diaphoresis, tachycardia, and  
hypertension.

Human toxicity from organic mercury was �rst recognized when the dumping 
of mercury-containing waste into Minamata Bay in Japan led to a large-scale 
poisoning of the population, whose primary dietary staple was �sh from the 
bay. In what is now called Minamata disease, patients presented with pares-
thesia, ataxia, dysarthria, tremor, and constriction of visual �elds or �tunnel 
vision.� �ese symptoms can be progressive and sometimes fatal. Children 
born to these exposed mothers (congenital Minamata disease) su�er mental 
retardation, limb deformities, chorea, seizures, and microcephaly. However, 
prenatal exposure to elevated maternal organic mercury levels in the Republic 
of Seychelles, which is a high-�sh-eating population, has no adverse e�ect on 
childhood neurodevelopmental outcomes.5 Furthermore, although seafood 

TABLE 19�2	 CHELATORS FOR ADULT HEAVY METAL POISONING
SYMPTOMS CHELATOR RECOMMENDED DOSE� ADVERSE EFFECTS
LEAD

Asymptomatic, BLL* � 70 None

Mild-moderate, BLL 70-100 DMSA 10 mg/kg tid PO � 5 days, then bid for 14 days Nausea, vomiting, diarrhea; mild elevations in 
aminotransferase levels

Encephalopathy, BLL � 100 BAL � 4 mg/kg deep IM q4h � 5 days Local injection site (pain, redness, sterile abscess); nausea, 
vomiting, diarrhea; anxiety, hypertension, tachycardia, 
fever; contraindicated in peanut allergy

CaNa2EDTA� 1500 mg/m2/day (approximately 50-75 mg/kg/
day, maximum 3 g) either continuous 
infusion or in 2-4 divided IV doses for  
5 days, adjusted for renal insu�ciency

Renal toxicity (from metal chelate), constitutional 
symptoms, transient hypotension

MERCURY
Acute (elemental or inorganic) with 

moderate/severe symptoms
BAL 5 mg/kg deep IM then 2.5 mg/kg every 12-24 

hours for 10 days or until symptoms improve 
and patient is able to take PO

Local injection site (pain, redness, sterile abscess); nausea, 
vomiting, diarrhea; anxiety, hypertension, tachycardia, 
fever; contraindicated in peanut allergy

Chronic (elemental or inorganic) or 
organic with symptoms

DMSA 10 mg/kg tid PO � 5 days, then bid for 14 days Nausea, vomiting, diarrhea; mild elevations in 
aminotransferase levels

ARSENIC
Acute exposure with moderate to 

severe symptoms
BAL 3 mg/kg deep IM q4h � 2 days, then bid for 7 

to 10 days
Local injection site (pain, redness, sterile abscess); nausea, 

vomiting, diarrhea; anxiety, hypertension, tachycardia, 
fever; contraindicated in peanut allergy

Chronic exposure with moderate 
symptoms§

DMSA 10 mg/kg tid PO � 5 days, then bid for 14 days Nausea, vomiting, diarrhea; mild elevations in 
aminotransferase levels

ALUMINUM
Acute or chronic exposure in dialysis 

patient with encephalopathy
Deferoxamine See h�p://www2.kidney.org/professionals/kdoqi/

guidelines_bone/Guide12.htm
Hypotension, increased risk of sepsis, acute lung injury

THALLIUM
Acute thallium poisoning with 

moderate to severe symptoms
Prussian Blue 3 g tid PO until the urinary thallium excretion 

is less than 0.5 mg/day
Constipation, blue stool

*Adult recommendations.
�Chelation doses in general are not well studied or validated, with the exception of lead in children. Optimal dosing is not well established, particularly for BAL. Doses listed are author�s suggestions.
�Start 4 hours a�er �rst dose of BAL is administered.
§Bene�t in this se�ing is not established.
BAL � British anti-Lewisite, dimercaprol; BLL � blood lead level; DMSA � 2,3-dimercaptosuccinic acid, succimer; EDTA � ethylenediaminetetraacetic acid.

ionize into more readily absorbed forms. Elemental mercury toxicity occurs 
primarily by inhalation of the vapor into the alveoli, where it is well absorbed 
in the pulmonary circulation and readily crosses the blood-brain barrier. In 
the brain, it interferes with multiple cellular processes, including protein and 
nucleic acid synthesis. Mercury also inhibits catechol-O-methyltransferase, 
thereby elevating circulating catecholamine levels.

Inorganic mercury is absorbed a�er ingestion, initially binds the gastro-
intestinal mucosa, and accumulates in the kidneys, where it exerts direct oxi-
dative damage. Although it does not readily cross the blood-brain barrier, 
CNS toxicity can be seen with chronic exposures because of the prolonged 
elimination rate. Mercuric ions do not appear to cross the placental barrier.

Organic mercury compounds are readily absorbed a�er ingestion and inha-
lation and are moderately absorbed a�er dermal exposure, particularly if skin 
is not intact. Owing to its high lipid solubility, organic mercury crosses the 
blood-brain barrier and concentrates in the CNS. It can also cross the placental 
barrier and concentrate in the fetus. Organic mercury concentrates in red 
blood cells, distributes throughout the body, and is primarily eliminated in 
the feces. Some forms of organic mercury are metabolized in the body to 
inorganic mercury compounds. Toxicity results from its inhibition of enzyme 
systems and interference with cellular maturity, microtubule function, and 
neurotransmi�er synthesis and uptake.

CLINICAL MANIFESTATIONS
�e manifestations of elemental mercury toxicity vary depending on the dose 
and chronicity of the exposure. Inhalation of high concentrations of mercury 
vapor, as may occur in an industrial se�ing, may result in cough, chills, fever, 
and shortness of breath. Nausea, vomiting, and weakness may result. �is 
syndrome may progress to a severe acute lung injury and respiratory as well 
as renal failure. Chronic exposure to lower concentrations of mercury vapor 
produces a classic triad of tremor, gingivostomatitis, and neuropsychiatric 
disturbances. �e mercurial tremor may be both static and intentional. Sudden 
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an increased risk of developing malignant neoplasms in the lung, skin, and 
bladder.

Arsine gas produces a clinical triad of abdominal pain, hemolysis, and hema-
turia, typically occurring hours a�er exposure. Patients may initially have 
headache, weakness, nausea, and vomiting. Several weeks a�er an acute expo-
sure, peripheral neuropathy may develop.

DIAGNOSIS
Because arsenic clears from the blood quickly, an arsenic level above 100 �g/ 
24 hours in urine collected in an acid-washed container requires further scru-
tiny (Table 19-1). Arsenic levels above 50 �g/L in a spot urine test warrant 
a 24-hour test. Patients who have recently ingested seafood may have urine 
arsenic levels exceeding 1500 �g/L, exclusively from organic arsenic, so dif-
ferentiating inorganic from nontoxic organic arsenic is o�en critical. Total 
arsenic levels in hair or nails, where arsenic accumulates, are useful indicators 
of past exposures. Blood arsenic, urine arsenic, and urine arsenic metabolites 
can be used to con�rm recent or ongoing exposure. In the unexposed indi-
vidual, blood arsenic should be below 1 �g/L; hair and nail levels should be 
less than 1 ppm.

In patients with chronic arsenic exposure, a complete blood count may 
show anemia (normocytic, normochromic, or megaloblastic), leukopenia, and 
thrombocytopenia. A peripheral smear may show basophilic stippling (Fig. 
148-14) or karyorrhexis. Renal dysfunction, hepatic enzyme elevation, and 
hyperbilirubinemia may be seen as well. �e electrocardiogram may show 
QT prolongation and nonspeci�c ST-T wave changes. Nerve conduction studies 
typically show evidence of a distal symmetrical sensorimotor axonopathy. 
Conduction slowing may be seen in severe poisoning.

and relatively low food concentrations make ingestion of food an unlikely 
source of signi�cant cadmium. An exception is when cadmium-containing 
industrial waste is dumped in agricultural regions, such as happened when 
cadmium-containing mining waste in waterways that irrigated rice �elds caused 
a large outbreak of renal disease. Patients with renal disease o�en develop 
osteomalacia (Chapter 231), which can lead to painful fractures. Today, the 
most common source of environmental cadmium exposure is through smoking, 
because tobacco concentrates cadmium from the soil, and smoking exposes 
the lungs to these high levels of cadmium. Compared with nonsmokers, an 
average smoker has about double the concentration of total body cadmium.

PATHOBIOLOGY
Cadmium commonly exists as a divalent ion (Cd2�) in salts such as cadmium 
sul�de and cadmium oxide. Like other divalent metals, it binds to and inhibits 
sul�ydryl-containing proteins and enzymes, thereby resulting in oxidative 
stress, cellular apoptosis, or necrosis. To survive in an environment where 
metals are ubiquitous, mammals have developed numerous antioxidant systems 
for protection. �e one best studied in cadmium is the protein metallothionein, 
which is an intracellular, cysteine-rich protein especially found in the liver 
and kidney, where it is a potent protective antioxidant that binds to ionized 
cadmium.

CLINICAL MANIFESTATIONS
�e most life-threatening manifestation of cadmium toxicity is acute chemical 
pneumonitis (Chapters 87 and 88). In persons who are exposed to high con-
centrations of cadmium fumes (e.g., smelter or welders), cadmium pneumonitis 
is manifested like metal fume fever with fever, malaise, myalgias, and elevated 
white blood cell counts that develop within 12 hours of exposure. Unlike 
metal fume fever, which typically resolves within a few days, cadmium pneu-
monitis can progress, with symptoms of dyspnea, hemoptysis, pulmonary 
edema, and respiratory distress as well as di�use bilateral alveolar in�ltrates 
on the chest radiograph.

�e most problematic manifestation of chronic cadmium exposure is renal 
failure. Like lead, cadmium can damage the proximal tubules of the kidney 
and result in Fanconi syndrome (Chapter 119). Cadmium, bound to metallo-
thionein, accumulates in the kidney, where its half-life is decades. Once 
metallothionein binding is saturated, toxicity can develop. Unlike the acute 
pulmonary manifestations, renal symptoms of cadmium toxicity may have a 
latency of 10 years or longer. Clinically, the signs of renal disease from cadmium 
are not di�erent from those of other causes of proximal tubular disease. Patients 
will o�en manifest secondary symptoms of renal dysfunction, such as osteo-
porosis or ureteral stones, from impaired calcium metabolism. Hypertension 
and anemia from cadmium exposure are also likely secondary to its renal 
toxicity.

DIAGNOSIS
No laboratory tests can aid in the diagnosis of cadmium pneumonitis, so 
physicians must rely on their clinical suspicion or on alveolar in�ltrates on a 
chest radiograph in a worker who presents with in�uenza-like symptoms.

Diagnosis of renal toxicity from chronic cadmium exposure relies predomi-
nantly on a 24-hour urine cadmium level standardized to grams of creatinine 
in a certi�ed laboratory experienced in heavy metal testing (Table 19-1). In 
nonexposed nonsmokers, cadmium values should average about 0.08 �g per 
gram of creatinine. Levels of 7 �g cadmium per gram of creatinine and higher 
require removal from the workplace. For patients with levels above 3 �g 
cadmium per gram of creatinine, a medical evaluation and renal testing are 
indicated. Renal dysfunction has been reported in patients with lower levels, 
and the best test for evaluating renal function is urinary �2-microglobulin 
levels, which serve as a useful early marker of toxicity; levels above 300 �g 
cadmium per gram of creatinine should raise concern for early kidney disease.

TREATMENT 

PROGNOSIS
Outcomes a�er arsenic poisoning are in�uenced by the dose, type of arsenic 
compound, and route and chronicity of exposure. Acute high-dose arsine gas 
inhalation with severe and rapid systemic toxicity can be fatal. With appropri-
ate treatment, however, recovery has been reported. A�er acute inorganic 
arsenic ingestion, rapid diagnosis and treatment, including chelation, can reduce 
mortality from about 75% to about 45%. A�er acute or chronic arsenic poi-
soning, electrocardiographic abnormalities and bone marrow suppression are 
generally reversible a�er exposure ceases, but encephalopathy and neuropathy 
may be permanent. Skin changes, such as hyperpigmentation and hyperkera-
toses, can progress to cancer but also can improve if exposure is reduced.

	 CADMIUM TOXICITY

EPIDEMIOLOGY
Cadmium (Cd) is primarily found in zinc ores as cadmium sul�de. Serious 
human exposures usually come from industrial use, including the production 
of nickel-cadmium ba�eries, electroplating, soldering, and welding. Workplace 
exposures occur through inhalation of dust containing oxides of cadmium or 
fumes from welding or smelting of metals containing cadmium. Depending 
on the particle size, more than 50% of cadmium can be absorbed through the 
lungs, but li�le cadmium is absorbed through the gastrointestinal tract. Many 
plants take up cadmium from the environment, but poor oral bioavailability 

TREATMENT 

consumption is correlated with higher brain levels of mercury in adults, these 
higher levels are associated with less Alzheimer disease neuropathology.6

With organic mercury toxicity, symptoms are typically delayed for weeks 
to months. Other symptoms that follow organic mercury poisoning include 
mucous membrane irritation a�er ingestion and dermatitis a�er cutaneous 
exposure. However, no cardiovascular toxicities have been reported with up 
to moderate elevation in blood mercury levels.

DIAGNOSIS
�e diagnosis of mercury poisoning should be considered on recognition of 
the characteristic signs and symptoms coupled with a known or suspected 
exposure. Whole blood and urine mercury levels can con�rm the exposure, 
but the correlation between levels and symptoms is inconsistent. In the se�ing 
of elemental mercury ingestion or injection, radiographs may also be useful. 
In a nonoccupationally exposed patient, whole blood mercury concentration 
should not exceed 10 �g/L, and a 24-hour urine mercury concentration should 
not exceed 20 �g/L (Table 19-1); urine must be collected in an acid-washed 
container. In general, urine concentrations are more reliable for monitoring 
of exposure and the response to therapy, but whole blood concentration is 
the preferred monitoring test for methyl mercury poisoning. �e ratio of red 
blood cell to plasma mercury can di�erentiate organic mercury toxicity from 
inorganic mercury toxicity because organic mercury concentrates signi�cantly 
in red blood cells. Hair analysis is unreliable because of the potential for external 
contamination. �e practice of obtaining urine mercury levels a�er a chelation 
challenge is not recommended because levels obtained in this way are di�cult 
to interpret.

as a medicinal as well as a component of pigments, cosmetics, and famously 
as a poison.

Human exposure to arsenic may occur through contaminated air, ground-
water, soil, and food, particularly seafood, rice, and produce.7 Marine organ-
isms, especially shell�sh, contain organic arsenicals arsenobetaine and 
arsenocholine, which are commonly reported in laboratory assays as elevated 
arsenic level but exert no known toxic e�ects.

In Bangladesh, ongoing epidemic arsenic poisoning from contaminated 
groundwater has a�ected millions of persons. Taiwan, Chile, the Cordoba 
province in Argentina, West Bengal, and other regions in the Ganga plain also 
have elevated levels of naturally occurring arsenic and cases of arsenic 
poisoning.

Occupational exposure to arsenic occurs in the microelectronics industry, 
where arsenide crystals are used to etch circuits on microchips. Arsine gas is 
liberated when inorganic arsenic contacts acid, as may occur in occupations 
such as metal smelting, galvanizing, and semiconductor manufacturing. Arsenic 
compounds are also used in the production of paint, fungicide, insecticide, 
pesticide, herbicide, wood preservatives, ceramics, and glass, and employees 
in these industries may also be potentially exposed.

Arsenic compounds may still be found in folk remedies and patent medi-
cines. Modern medicinal uses of arsenic include arsenic trioxide (Trisenox) 
for the treatment of acute promyelocytic leukemia (Chapter 173) and melar-
soprol, an organic arsenical, for the treatment of African trypanosomiasis 
(Chapter 325).

PATHOBIOLOGY
�e toxicologically signi�cant arsenic compounds are inorganic (trivalent and 
pentavalent). Arsine gas, which is also toxic, causes acute hemolysis. A�er 
absorption, inorganic arsenic binds to hemoglobin and is distributed to liver, 
kidney, heart, and lungs. In the liver, arsenic is methylated to form mono-
methylarsenoic and dimethylarsinic acid, both of which are less toxic. Arsenic 
concentrates in keratin-rich tissues, such as hair, skin, and nails. Much of an 
ingested dose of arsenic is eliminated in the urine. �e mechanism of toxicity 
is by binding sul�ydryl groups of critical enzymes, including those of the 
Krebs cycle, thereby resulting in impaired gluconeogenesis, impaired oxidative 
phosphorylation, and ultimately depletion of cellular energy stores. Pentavalent 
arsenate may substitute for phosphate in biochemical reactions and disrupt 
normal oxidative phosphorylation. Arsenic also a�ects cardiac conduction by 
blocking cardiac potassium channels. Arsenic can alter gene expression through 
induction, downregulation, and upregulation of various genes involved in 
apoptosis, cell signaling, and growth factor response.

Arsine is a colorless, nonirritating gas. A�er inhalation, it is absorbed rapidly 
and binds to erythrocytes, where it exerts oxidative stress and causes severe 
Coombs-negative intravascular hemolysis. Renal failure is due to hemoglobin 
pigment deposition as well as to the direct toxic e�ects of arsine on renal 
tubular cells.

CLINICAL MANIFESTATIONS
�e initial clinical features a�er ingestion of inorganic arsenic are nausea, 
vomiting, bloody diarrhea, and abdominal pain. Within several days, hemato-
logic �ndings such as pancytopenia can be seen. QT prolongation, which can 
develop acutely or chronically, can lead to dysrhythmias such as torsades de 
pointes. A�er gastrointestinal symptoms improve, distal symmetrical peripheral 
neuropathy develops, potentially accompanied by weakness or encephalopathy.

Chronic exposures a�ect the bone marrow, skin, and peripheral nervous 
system. Dermatologic e�ects include patchy or di�use alopecia, hyperpig-
mentation, and melanosis as well as hyperkeratosis on the palms and soles. 
�e pigmentation of chronic poisoning commonly appears in a �nely freckled, 
�raindrop� pa�ern of symmetrical pigmentation or depigmentation that is 
particularly pronounced on the trunk and extremities. Nails may exhibit trans-
verse white bands, which are known as Mees lines (Chapter 413) and re�ect 
growth interruption during poisoning. Anemia, pancytopenia, neutropenia, 
thrombocytopenia, and eosinophilia can be seen. Neuropathy, which is a 
hallmark of arsenic poisoning, is described as a di�use, symmetrical, ascend-
ing, painful sensorimotor neuropathy, most prominent in a stocking-glove 
distribution. In severe poisoning, ascending weakness and paralysis may result 
in respiratory failure that mimics the Guillain-BarrØ syndrome (Chapter 392). 
Arsenic exposure also causes a dose-dependent decline in lung function. 
Peripheral vascular disease, including peripheral vascular gangrene (black foot 
disease), can develop in chronically exposed patients. Even low to moderate 
chronic arsenic exposure increases the long-term risk of cardiovascular disease 
by about 30%. Arsenic is a human carcinogen, and exposed populations have 

Treatment is primarily symptomatic and supportive, with removal from the 
source of exposure. In cases of acute exposure, decontamination may be required. 
In cases of occupational or environmental exposure, environmental decon-
tamination and surveillance by local or federal agencies may be necessary. 
After inhalation of elemental mercury vapor, support of respiratory function is 
crucial. After ingestion of inorganic mercury salts, �uid resuscitation, usually 
with normal saline, is needed to correct intravascular depletion, and renal 
replacement therapy may be required in cases of oliguric renal failure. Mercury 
compounds are poorly cleared by extracorporeal elimination measures, such 
as hemodialysis or peritoneal dialysis.

If dietary �sh is the likely cause of an elevated mercury level, a�ected indi-
viduals should avoid eating any �sh or shell�sh for 1 month, after which blood 
or urine mercury levels should be reanalyzed. If mercury levels have declined 
into the normal range, as is usually the case, low-mercury �sh (shrimp, canned 
light tuna, salmon, pollock, cat�sh) can be reintroduced into the diet at a fre-
quency of no more than two meals per week.

Chelation therapy will increase urinary elimination of mercury (Table 19-2), 
and limited clinical data support its use early after acute poisonings. Oral DMSA, 
which is the chelator of choice, is generally well tolerated. If oral administration 
is not possible, dimercaprol (British anti-Lewisite, BAL) can be used except after 
methyl mercury exposure, in which it is contraindicated because it may shift 
mercury into the brain.

TREATMENT 

PROGNOSIS
�e neurotoxicity that follows signi�cant poisoning from all types of mercury 
may be irreversible, particularly in the se�ing of organic mercury poisoning, 
in which the diagnosis is o�en delayed. Nevertheless, 33 of 40 symptomatic 
children a�ected in the contaminated grain outbreak of 1971 in Iraq improved 
during a 2-year observation period. Acute renal failure a�er elemental or inor-
ganic mercury poisoning can sometimes resolve. Patients with acrodynia have 
been reported to recover completely a�er chelation therapy and removal of 
the exposure.

	 ARSENIC TOXICITY

EPIDEMIOLOGY
Arsenic (As), which is found in soil, minerals, rocks, and metal ores, is present 
in all living organisms. It exists in several forms: elemental, inorganic (As3� 
trivalent arsenite and As5� pentavalent arsenate), gaseous (arsine, AsH3), and 
organic. Elemental and organic arsenic have low toxicity, whereas gaseous 
arsine and inorganic arsenic are highly toxic. Arsenic�s medicinal properties 
were recognized as early as 400 ��, and it has been used throughout history 
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an increased risk of developing malignant neoplasms in the lung, skin, and 
bladder.

Arsine gas produces a clinical triad of abdominal pain, hemolysis, and hema-
turia, typically occurring hours a�er exposure. Patients may initially have 
headache, weakness, nausea, and vomiting. Several weeks a�er an acute expo-
sure, peripheral neuropathy may develop.

DIAGNOSIS
Because arsenic clears from the blood quickly, an arsenic level above 100 �g/ 
24 hours in urine collected in an acid-washed container requires further scru-
tiny (Table 19-1). Arsenic levels above 50 �g/L in a spot urine test warrant 
a 24-hour test. Patients who have recently ingested seafood may have urine 
arsenic levels exceeding 1500 �g/L, exclusively from organic arsenic, so dif-
ferentiating inorganic from nontoxic organic arsenic is o�en critical. Total 
arsenic levels in hair or nails, where arsenic accumulates, are useful indicators 
of past exposures. Blood arsenic, urine arsenic, and urine arsenic metabolites 
can be used to con�rm recent or ongoing exposure. In the unexposed indi-
vidual, blood arsenic should be below 1 �g/L; hair and nail levels should be 
less than 1 ppm.

In patients with chronic arsenic exposure, a complete blood count may 
show anemia (normocytic, normochromic, or megaloblastic), leukopenia, and 
thrombocytopenia. A peripheral smear may show basophilic stippling (Fig. 
148-14) or karyorrhexis. Renal dysfunction, hepatic enzyme elevation, and 
hyperbilirubinemia may be seen as well. �e electrocardiogram may show 
QT prolongation and nonspeci�c ST-T wave changes. Nerve conduction studies 
typically show evidence of a distal symmetrical sensorimotor axonopathy. 
Conduction slowing may be seen in severe poisoning.

and relatively low food concentrations make ingestion of food an unlikely 
source of signi�cant cadmium. An exception is when cadmium-containing 
industrial waste is dumped in agricultural regions, such as happened when 
cadmium-containing mining waste in waterways that irrigated rice �elds caused 
a large outbreak of renal disease. Patients with renal disease o�en develop 
osteomalacia (Chapter 231), which can lead to painful fractures. Today, the 
most common source of environmental cadmium exposure is through smoking, 
because tobacco concentrates cadmium from the soil, and smoking exposes 
the lungs to these high levels of cadmium. Compared with nonsmokers, an 
average smoker has about double the concentration of total body cadmium.

PATHOBIOLOGY
Cadmium commonly exists as a divalent ion (Cd2�) in salts such as cadmium 
sul�de and cadmium oxide. Like other divalent metals, it binds to and inhibits 
sul�ydryl-containing proteins and enzymes, thereby resulting in oxidative 
stress, cellular apoptosis, or necrosis. To survive in an environment where 
metals are ubiquitous, mammals have developed numerous antioxidant systems 
for protection. �e one best studied in cadmium is the protein metallothionein, 
which is an intracellular, cysteine-rich protein especially found in the liver 
and kidney, where it is a potent protective antioxidant that binds to ionized 
cadmium.

CLINICAL MANIFESTATIONS
�e most life-threatening manifestation of cadmium toxicity is acute chemical 
pneumonitis (Chapters 87 and 88). In persons who are exposed to high con-
centrations of cadmium fumes (e.g., smelter or welders), cadmium pneumonitis 
is manifested like metal fume fever with fever, malaise, myalgias, and elevated 
white blood cell counts that develop within 12 hours of exposure. Unlike 
metal fume fever, which typically resolves within a few days, cadmium pneu-
monitis can progress, with symptoms of dyspnea, hemoptysis, pulmonary 
edema, and respiratory distress as well as di�use bilateral alveolar in�ltrates 
on the chest radiograph.

�e most problematic manifestation of chronic cadmium exposure is renal 
failure. Like lead, cadmium can damage the proximal tubules of the kidney 
and result in Fanconi syndrome (Chapter 119). Cadmium, bound to metallo-
thionein, accumulates in the kidney, where its half-life is decades. Once 
metallothionein binding is saturated, toxicity can develop. Unlike the acute 
pulmonary manifestations, renal symptoms of cadmium toxicity may have a 
latency of 10 years or longer. Clinically, the signs of renal disease from cadmium 
are not di�erent from those of other causes of proximal tubular disease. Patients 
will o�en manifest secondary symptoms of renal dysfunction, such as osteo-
porosis or ureteral stones, from impaired calcium metabolism. Hypertension 
and anemia from cadmium exposure are also likely secondary to its renal 
toxicity.

DIAGNOSIS
No laboratory tests can aid in the diagnosis of cadmium pneumonitis, so 
physicians must rely on their clinical suspicion or on alveolar in�ltrates on a 
chest radiograph in a worker who presents with in�uenza-like symptoms.

Diagnosis of renal toxicity from chronic cadmium exposure relies predomi-
nantly on a 24-hour urine cadmium level standardized to grams of creatinine 
in a certi�ed laboratory experienced in heavy metal testing (Table 19-1). In 
nonexposed nonsmokers, cadmium values should average about 0.08 �g per 
gram of creatinine. Levels of 7 �g cadmium per gram of creatinine and higher 
require removal from the workplace. For patients with levels above 3 �g 
cadmium per gram of creatinine, a medical evaluation and renal testing are 
indicated. Renal dysfunction has been reported in patients with lower levels, 
and the best test for evaluating renal function is urinary �2-microglobulin 
levels, which serve as a useful early marker of toxicity; levels above 300 �g 
cadmium per gram of creatinine should raise concern for early kidney disease.

Initial treatment of arsenic toxicity includes supportive care, �uid repletion, 
decontamination if needed, and removal of the source of exposure. Hemodialysis 
may be required in patients who have signi�cant renal dysfunction.

In cases of severe acute poisoning from inorganic arsenic, chelation is ben-
e�cial if it is instituted early. Dimercaprol (BAL; Table 19-2), which is the traditional 
chelating agent for arsenic, is e�ective in decreasing morbidity and mortality 
if it is administered within minutes to hours of acute exposure. In a small ran-
domized trial, 2,3-dimercapto-1-propanesulfonate, which is not commercially 
available in the United States, signi�cantly improved clinical symptoms, especially 
weakness, skin pigmentation, and lung disease, when given as 100 mg orally 
four times daily every other week for four cycles. The oral analogue of BAL, 
dimercaptosuccinic acid (DMSA, succimer) is also useful for subacute or chronic 
arsenic poisoning. In chronic inorganic arsenic intoxication, however, a clear 
bene�t of chelation therapy has not been demonstrated.

Hemolysis caused by arsine gas poisoning should be treated with prompt 
exchange transfusion. Exchange transfusion can restore functional erythrocytes, 
remove hemoglobin pigments, remove arsenic itself, and remove toxic products 
formed in the arsine-hemoglobin reaction.

TREATMENT 

PROGNOSIS
Outcomes a�er arsenic poisoning are in�uenced by the dose, type of arsenic 
compound, and route and chronicity of exposure. Acute high-dose arsine gas 
inhalation with severe and rapid systemic toxicity can be fatal. With appropri-
ate treatment, however, recovery has been reported. A�er acute inorganic 
arsenic ingestion, rapid diagnosis and treatment, including chelation, can reduce 
mortality from about 75% to about 45%. A�er acute or chronic arsenic poi-
soning, electrocardiographic abnormalities and bone marrow suppression are 
generally reversible a�er exposure ceases, but encephalopathy and neuropathy 
may be permanent. Skin changes, such as hyperpigmentation and hyperkera-
toses, can progress to cancer but also can improve if exposure is reduced.

	 CADMIUM TOXICITY

EPIDEMIOLOGY
Cadmium (Cd) is primarily found in zinc ores as cadmium sul�de. Serious 
human exposures usually come from industrial use, including the production 
of nickel-cadmium ba�eries, electroplating, soldering, and welding. Workplace 
exposures occur through inhalation of dust containing oxides of cadmium or 
fumes from welding or smelting of metals containing cadmium. Depending 
on the particle size, more than 50% of cadmium can be absorbed through the 
lungs, but li�le cadmium is absorbed through the gastrointestinal tract. Many 
plants take up cadmium from the environment, but poor oral bioavailability 

Because of the similarities between cadmium pneumonitis and metal fume 
fever, any patient presenting with in�uenza-like symptoms after working with 
heated cadmium should be admitted for observation. If the metal a patient 
was welding or cutting is not known, any clinical or radiographic signs of non-
cardiogenic pulmonary edema would also warrant hospital admission for 
supplemental oxygen and pulmonary support.

There are no e�ective treatments for renal toxicity caused by cadmium. 
Chelation therapy is not recommended.

TREATMENT 
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  Grade A References

with symptoms. Furthermore, electroencephalographic �ndings, laboratory 
tests, and imaging studies are not speci�c. Because of its similarity in onset 
and symptoms, bismuth encephalopathy is o�en misdiagnosed as Creutzfeldt-
Jakob disease (Chapter 387) or other progressive encephalopathies. �erefore, 
any patient in whom these diagnoses are being entertained should be screened 
for the use of bismuth products. Because bismuth causes black stools, the 
�nding of heme-negative black stool in a patient with a rapidly progressing 
encephalopathy warrants an investigation for bismuth toxicity.

Cobalt (Thyroid and Cardiac Toxicity)
Cobalt (Co) is an essential trace element that serves as the catalytic center of 
vitamin B12. Toxicity is most commonly associated with chronic ingestion of 
cobalt salts and more recently from cobalt-containing metal prostheses. One 
of the side e�ects of chronic ingestion is polycythemia. By stabilizing hypoxia-
inducible transcription factors that normally respond to low concentrations 
of oxygen, cobalt mimics hypoxia and stimulates erythropoietin production. 
In the 1950s, cobalt chloride was used to treat iron de�ciency anemia. Some 
of these patients developed hypothyroidism and goiter because of cobalt�s 
ability to inhibit tyrosine iodinase. In addition, cobalt has caused dilated car-
diomyopathy with pericardial e�usions in adults who consumed large amounts 
of beer in which cobalt salts had been added as a foam stabilizer. Cobalt can 
also cause neurotoxicity with symptoms of hearing loss, visual impairment, 
and polyneuropathy.

PROGNOSIS
Patients with cadmium pneumonitis can survive with aggressive treatment, 
but severe cases can result in death, and survivors can have persistent restric-
tive lung disease. Because of its long half-life in the kidney, cadmium-induced 
renal damage is largely irreversible unless it is detected early when body burden 
is low (urinary cadmium � 10 �g per gram of creatinine).

	 SYNDROMES SPECIFIC TO OTHER TOXIC METALS
Aluminum (Dialysis Dementia)
In the 1970s, renal failure patients exposed to aluminum-containing phosphate 
binders or aluminum-contaminated dialysis �uid developed progressive neu-
rologic impairment and multifocal seizures. Also known as dialysis dementia, 
this syndrome developed during weeks to years and was o�en fatal if unde-
tected. Aluminum-containing phosphate binders and dialysis �uids are no 
longer used in patients with renal failure, and dialysis patients are routinely 
screened for aluminum toxicosis. However, occasional outbreaks continue to 
be reported, typically due to contamination of dialysis �uid with aluminum 
from electric pumps or drums.

Aluminum is found in air, soil, and water and is a component of metal alloys 
used in the home, such as cookware. Aluminum is also found in some antacids 
(sucralfate) and as aluminum potassium sulfate (Alum), which is used to treat 
hemorrhagic cystitis. Additional iatrogenic sources of aluminum include total 
parenteral nutrition solutions and vaccines. Ingested aluminum is not metabo-
lized by the body and is excreted unchanged by the kidney. In patients with 
impaired renal function, aluminum is bound to transferrin and concentrates 
primarily in bone. Smaller amounts, however, are distributed to heart, liver, 
kidney, and brain. Ingested aluminum is thought to a�ect several biochemical 
functions, including neurotransmi�er manufacture, uptake, and release. Alu-
minum also a�ects erythropoiesis and the normal function of bone, likely 
partially by interference with parathyroid function.

CLINICAL MANIFESTATIONS AND DIAGNOSIS
Clinical e�ects in patients with chronic exposures include anemia, osteoma-
lacia, and neurologic e�ects including memory loss, tremor, dyspraxia, encepha-
lopathy, and seizures. �e relationship between aluminum and Alzheimer 
dementia has been debated, but the complex characteristics of aluminum 
bioavailability make it di�cult to produce conclusive evidence.

Serum and urine aluminum levels can be obtained to estimate exposure. A 
serum aluminum concentration should not exceed 2 �g/L, and a 24-hour 
urine concentration is expected to be 4 to 12 �g per gram of creatinine in a 
patient with typical background aluminum exposure (Table 19-1).

Bismuth (Bismuth Encephalopathy)
Bismuth salts used to treat gastrointestinal disorders include bismuth subgal-
late, bismuth citrate, bismuth subnitrate, and bismuth subsalicylate (the active 
ingredient in Pepto-Bismol). Bismuth (Bi) is poorly absorbed from the gastro-
intestinal tract and is still used today to treat peptic ulcer disease and diarrhea. 
It also is used as an oral deodorant for patients with colostomies. Idiopathic 
bismuth toxicity is almost always associated with the chronic ingestion of 
over-the-counter preparations.

CLINICAL MANIFESTATIONS AND DIAGNOSIS
Bismuth toxicity is manifested primarily as a subacute encephalopathy with 
ataxia and incoordination followed by progressive memory loss, behavioral 
changes, insomnia, and muscle cramps. As symptoms progress, a prevalent 
feature is limb myoclonus when patients are startled or as they fall asleep. As 
symptoms worsen, myoclonus can progress to involve the whole body, includ-
ing the tongue, and can occur without stimulus. Seizures can also develop.

�e diagnosis of bismuth encephalopathy can be di�cult. Blood and urine 
levels can indicate exposure to bismuth (Table 19-1) but do not correlate 

Because cobalt is no longer used as a therapeutic or as an additive to beer, 
the concern for cobalt toxicity is now isolated to patients with cobalt-chromium 
prosthetic joints. Cobalt liberated from a prosthesis has been linked to hypo-
thyroidism, dilated cardiomyopathy, and neurotoxicity with metal-on-ceramics 
arthroplasty and metal-on-metal prosthetics. When it is viewed in the context 
of the millions of prosthetic joints placed each year and the few reported cases, 
this complication seems rare. �e diagnosis in a patient with a cobalt-containing 
joint replacement requires symptoms of polycythemia, hypothyroidism, car-
diomyopathy, and neurotoxicity. In these patients, a blood chromium level 
above 7 �g/L should stimulate a referral for a possible joint revision. �ere 
is li�le evidence that chelation improves outcomes in cobalt-poisoned patients.

Silver (Argyria)
Silver (Ag) is a precious metal long used in coinage and for its antibacterial 
properties. Silver is a broad-spectrum antimicrobial and commonly used as 
a topical antimicrobial in bandages, catheters, and medical devices. �e inges-
tion of colloidal silver preparations as a �natural� supplement accounts for the 
majority of recent cases of signi�cant toxicity.

When it is ingested continually, silver will be deposited in the skin and the 
liver.8 �e primary chronic toxicity of silver is argyria, which is a permanent 
blue-gray discoloration of the skin due to silver deposition over time (Fig. 
19-1). Argyria can result from inhalation, ingestion, mucosal absorption, or 
dermal application or exposure. Argyria may be localized to the site of expo-
sure, such as with corneal argyria, which was seen in the past from the use of 
colloidal silver-containing eye drops, or at the site of silver earrings and rings. 
Rarely, argyria has been reported a�er the implantation of silver-containing 
medical devices.

�e diagnosis of argyria is primarily based on history and physical examina-
tion. Localized skin biopsy, typically to di�erentiate argyria from malignant 
lesions, will show characteristic black-brown globules that are adherent to the 
dermal elastic �bers, blood vessels, basement membranes, hair follicles, and 
sweat glands on light microscopy; refractile particles on dark�eld microscopy; 
and the presence of silver on scanning electron microscopy with energy dis-
persive radiography.

Management of aluminum toxicity centers on removal from the source of 
exposure. The only chelator with proven bene�t is deferoxamine (Table 19-2), 
which has a high a�nity for aluminum and forms a dialyzable aluminum-
deferoxamine complex. If it is detected early, successful treatment with full 
recovery of neurologic function has been reported with deferoxamine.

TREATMENT AND PROGNOSIS 

The treatment of bismuth encephalopathy is to stop the use of the o�ending 
agent. Although there have been case reports purporting the bene�ts of metal 
chelators (e.g., DMSA, BAL, and 2,3-dimercapto-1-propansulfonic acid; Table 
19-2) the rarity of the disorder makes a clinical trial impossible. Ethylenediami-
netetraacetic acid (EDTA) may increase brain bismuth concentrations, and it 
should not be used. Although deaths have occurred from bismuth encepha-
lopathy, full recovery is possible if the o�ending drug is stopped and the patient 
receives modern supportive care.

TREATMENT AND PROGNOSIS 
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all of which are reversible with zinc cessation alone. In addition, a syndrome 
of myeloneuropathy, characterized by a spastic gait and sensory ataxia, is also 
associated with zinc overload/copper de�ciency and may improve with copper 
supplementation and zinc cessation.

Diagnostic testing in patients suspected of zinc overload should include 
serum or urine zinc concentrations (Table 19-1), serum copper levels, and 
ceruloplasmin levels. In patients with myeloneuropathy, nerve conduction 
studies may show a sensory neuropathy, and magnetic resonance imaging 
(MRI) may show increased T2 signal in the cervical cord. Treatment of zinc 
overload�induced copper de�ciency is primarily by cessation of zinc exposure 
and repletion of copper. Although there is no standard dosing regimen, a 
common recommendation is 2 to 10 mg/day of oral elemental copper. Various 
chelation regimens have been reported, but data are insu�cient to support 
their routine use in the se�ing of chronic toxicity.

Manganese (Parkinsonism)
Manganese (Mn) is an essential element necessary for the function of several 
enzymes, including superoxide dismutase and glutamine synthetase. Although 
there is no clear syndrome associated with manganese de�ciency, a well-
described constellation of symptoms and �ndings is associated with manganese 
toxicity. Associated primarily with chronic occupational exposure, dose-
dependent manganese toxicity results from inhalation of high concentrations 
of either manganese dust (e.g., in miners) or manganese fumes (e.g., smelting, 
grinding, and rarely welding).11 More recently, manganese toxicity has been 
reported in abusers of methcathinone, when this drug was illegally synthesized 
with potassium permanganate. Although the mechanism is not clear, manga-
nese causes selective toxicity in the globus pallidus, striatum, and substantia 
nigra pars reticulata. In contrast to idiopathic Parkinson disease (Chapter 
381), manganese does not a�ect the substantia nigra pars compacta.

�e symptoms of manganism develop insidiously a�er years of exposure. 
Patients �rst develop changes in appetite, muscle weakness, and apathy. On 
occasion, patients will develop signs of central excitation and can have what 
is termed manganese psychosis. Symptoms o�en progress to di�culties with 
gait, speech, and facial expression. �e gait abnormalities involve a slow and 
clumsy gait with the inability to walk backward. Patients o�en freeze while 
turning and frequently fall. Symptoms can progress to muscle hypertonia in 
extension and a peculiar gait in which patients walk on the balls of the feet 
with their ankles extended. Patients also develop stu�ering speech, masked 
facies, sleep disturbances, and myalgias. Unlike with idiopathic Parkinson 
disease, manganese-exposed patients do not typically develop a resting tremor, 
and these symptoms are almost always symmetrical at onset.

Although there is no de�nitive test of manganese toxicity, a history of expo-
sure, con�rmatory laboratory testing (Table 19-1), radiographic studies, and 
clinical symptoms can support the diagnosis. �e best laboratory test is a 
whole blood manganese level (normal, �15 �g/L), with elevated levels indica-
tive of exposure but not necessarily correlating directly with symptoms. Because 
manganese can concentrate in the globus pallidus, MRI o�en will show an 
intense T1-weighted signal in the globus pallidus bilaterally. As with blood, 
however, MRI is indicative of manganese exposure but does not correlate 
with clinical symptoms. Because of the di�erences in the a�ected brain regions 
between manganese toxicity and Parkinson disease, �uorodopa positron emis-
sion tomography (PET) scanning can help di�erentiate between these disorders: 
patients with manganese toxicity will typically have normal PET scans, whereas 
patients with Parkinson disease have abnormal scans.

Manganism is not typically responsive to treatment. Although chelation 
with CaNa2EDTA has been associated with increased urinary elimination of 
manganese, there are no convincing data as to whether patient outcomes are 
improved.

FIGURE 19�1.  Frontal and side views of a 36-year-old woman with argyria show the 
gray discoloration of her face and neck. (From Jacobs R. “Argyria: my life story,” Clin 
Dermatol. Elsevier, 2006;24:66-69. Figure 3.)

Chelation therapy is not e�ective for argyria, but successful laser treatment 
has been reported.

Thallium (Neuropathy and Alopecia)
�allium (Tl) has no bene�cial role in the human body. Its salts are odorless, 
tasteless, well absorbed in the gastrointestinal tract, and very toxic. �ese 
characteristics make it a potential homicidal agent, and patients with thallium 
poisoning should always be considered potential victims of a crime. By inter-
fering with potassium and sul�ydryl-containing enzymes, thallium interrupts 
normal energy production. Although it is toxic to all organs, the peripheral 
nervous system and integumentary system are the most sensitive.

�e earliest clinical sign of thallium poisoning is a rapidly progressive, painful 
sensory polyneuropathy. Within 2 or 3 days of exposure, patients will describe 
painful burning paresthesias in their feet. �ese paresthesias can progress up 
the legs and, over time, can involve the hands. Motor nerves can also be 
a�ected, and profound weakness, including in respiratory muscles, can be 
misdiagnosed as Guillain-BarrØ syndrome (Chapter 392). Cranial neuropathies 
have also been reported. �e best-known complication of thallium is painless 
hair loss, typically beginning 5 to 14 days a�er exposure and sometimes pro-
gressing to total body alopecia. Skin and nails can also be a�ected, with scaling 
of palms, acne-like lesions of the face, and Mees lines in the nails. Other 
neurologic symptoms of thallium poisoning include hallucinations, altered 
mental status, insomnia, psychosis, ataxia, and coma. Constipation, myalgias, 
pleuritic chest pain, arrhythmias, and hypotension can also occur.

Because systemic toxicities o�en develop before hair loss and because not 
all patients lose their hair, clinicians should consider thallium as a possible 
cause of any rapidly progressive painful neuropathy. In patients with thal-
lium poisoning, a pulled hair will o�en have darkening of the hair root when 
visualized under a low-power light microscope. �e de�nitive diagnosis of 
thallium poisoning requires the identi�cation of elevated concentrations  
of thallium in a 24-hour urine sample (normal, �20 �g/specimen). Because 
thallium undergoes enterohepatic circulation and is eliminated in the feces, 
treatment requires binding of thallium in the gut. �e most e�ective antidote 
is Prussian Blue (a complex of potassium hexacyanoferrate), with recom-
mended doses ranging from 3 g orally three times a day up to 250 mg/kg three  
times a day.9

Zinc (Myelopathy)
Zinc (Zn) is an essential mineral that is necessary for normal cellular function-
ing. It is involved in the catalytic activity of more than 100 enzymes and plays 
an important role in olfaction, taste, immune function, protein synthesis, and 
DNA synthesis. It is found naturally in a wide variety of foods and is absorbed 
in the jejunum, where it binds to metallothioneins. Zinc de�ciency is mani-
fested as a triad of dermatitis, diarrhea, and alopecia, which is reversible a�er 
zinc repletion.

In the se�ing of zinc overload, metallothioneins are upregulated; because 
copper has a higher a�nity for metallothioneins, the result is increased copper 
binding and subsequent elimination of copper. Zinc-induced copper de�ciency 
has been reported a�er overuse of zinc-containing supplements, with the 
improper use of zinc-containing denture adhesives, and from the presence of 
retained zinc-containing coins such as pennies. However, zinc oxide sunscreen 
appears to be safe.10

�e hematologic manifestations of zinc-induced copper de�ciency include 
sideroblastic anemia, leukopenia, neutropenia, and myelodysplastic syndrome, 
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4.	 A 68-year-old Hispanic female with end-stage renal disease requiring three 
times a week hemodialysis has developed a progressive encephalopathy. 
�e water used for dialysis was tested and found to be normal. Which one 
of the following would you think is most likely responsible for her 
symptoms?
	A.	 Occasional use of Pepto-Bismol
	B.	 Prosthetic hip
	C.	 Sucralfate prescription
	D.	 �e homeopathic use of colloidal silver
	E.	 Traditional Hispanic folk remedy for GI distress

Answer: C  �e sucralfate prescription is most likely to cause encephalopathy 
from aluminum toxicity in a dialysis patient. A prosthetic hip with cobalt has 
been linked to cardiomyopathy and hypothyroidism. Pepto-Bismol can cause 
a progressive encephalopathy but typically only a�er prolonged and regular 
use. Hispanic folk medicines and Chinese herbal medicines have been shown 
to occasionally contain arsenic and elemental mercury, but either would be 
less likely to cause the patient�s symptoms. Colloidal silver ingestion typically 
only a�ects the skin.

5.	 An active 72-year-old female had developed increasing fatigue and pain 
in her right hip. Four years prior she had undergone a total hip replace-
ment using a metal-on-metal implant. Her work-up reveals new �ndings 
of hypothyroidism and cardiomyopathy. Which of the following tests is 
warranted?
	A.	 A whole blood cobalt level
	B.	 A serum cadmium level
	C.	 24-hour urine cobalt level
	D.	 24-hour urine cadmium level
	E.	 Urine cadmium a�er EDTA chelation challenge

Answer: A  �e �nding of hypothyroidism and cardiomyopathy in a patient 
with a prior hip replacement warrants a whole blood cobalt level. Both hypo-
thyroidism and cardiomyopathy can be complications of chronic cobalt poi-
soning; other complications include polycythemia and neuropathy. Patients 
with clinical �ndings of cobalt toxicity and a whole blood cobalt level �7 �g/L 
warrant a referral for possible joint revision.

REVIEW QUESTIONS
1.	 A 58-year-old patient seeks your care for management of his hypertension. 

In his evaluation you discover that he operates a gun range and o�en cleans 
up casings at the end of the day. You send a blood lead level that comes 
back elevated at 60 �g/dL. He has no other medical complaints. Along 
with pharmacologic management for his hypertension, which of the follow 
lead treatment strategies would be the most e�cacious?
	A.	 Chelation with BAL and CaNa2EDTA
	B.	 Chelation with DMSA
	C.	 Chelation challenge, and if 24-hour urine levels are above 100 �g/g 

creatinine, then chelate with DMSA
	D.	 No lead treatment is warranted
	E.	 Proper respiratory protection at work and repeat lead levels in 1 month

Answer: E  Adults who are asymptomatic and have blood lead levels below 
70 �g/dL require no treatment other than removing the source of exposure 
and decreasing workplace exposure through proper respiratory protection.

2.	 A 38-year-old health-conscious male patient is referred to you for arsenic 
poisoning. He has been seeing his primary care doctor for symptoms of 
mild depression. He asked his doctor to check him for heavy metal poison-
ing because he has well water and read that lead could cause symptoms 
similar to his. A 24-hour urine test showed lead and mercury levels to be 
within normal limits but revealed an extremely elevated urine arsenic level 
(530 �g/g creatinine). What is the most prudent next step?
	A.	 Admit to the hospital and immediately begin chelation with DMSA
	B.	 Ask about history of seafood ingestion and send urine for arsenic 

speciation
	C.	 Begin outpatient treatment with DMSA and repeat testing in 3 weeks
	D.	 Obtain blood arsenic levels to determine if a recent exposure
	E.	 Obtain hair arsenic levels to determine if a remote exposure

Answer: B  Organic arsenic is considered largely nontoxic to humans. Found 
in shell�sh and seafood, it is a common cause of elevated urinary arsenic 
levels. In patients without symptoms of acute arsenic poisoning a detailed 
history of seafood ingestion and sending the urine out for speciation of arsenic 
would be the next step.

3.	 A 32-year-old chemical worker ingests a vial of methylmercury in a suicide 
a�empt. She is admi�ed to the hospital, lavaged, and begun on DMSA 
chelation. �e development of which of the following symptoms would 
concern you the most in respect to her long-term outcome?
	A.	 Hypertension and tachycardia
	B.	 Myalgias
	C.	 Prolonged QTc on ECG
	D.	 Proteinuria
	E.	 Visual �eld constriction and perioral numbness

Answer: E  �e most devastating e�ect of organic mercury toxicity is neural 
degeneration. Early symptoms of this include constriction of visual �elds, 
tremor, and paresthesias. Symptoms can progress to ataxia and ultimately to 
encephalopathy and death. Elemental mercury exposure can mimic pheo-
chromocytoma and can present with muscle weakness and myalgias. Although 
concerning, these symptoms can improve when the source of mercury exposure 
is removed. Proteinuria would be a potential manifestation of inorganic mercury 
toxicity, but renal damage tends to resolve over time. Arsenic, not mercury, 
is associated with a prolonged QTc.
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ABSTRACT
�e number of older adults continues to grow worldwide, especially in devel-
oping countries and among the oldest old. In the United States, the older 
population, like the remainder of the population, is becoming more diverse. 
�e epidemiology of aging provides a clear picture of the pa�erns, risk factors, 
and opportunities for preventing multimorbidity, disability, and geriatric syn-
dromes so that old age is a functional and productive period of life. Further-
more, new knowledge about the biology of aging may provide therapeutic 
targets to optimize health and function in old age.
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alone or by cumulative disease burden. Conversely, vigor or resilience can be 
de�ned as a high physiologic reserve and robust response to stress. Resilience 
may require dynamic testing to assess it adequately. When de�ned as a wasting 
syndrome, frailty is present in 7% of community-dwelling adults aged 65 years 
and older and 25% of adults aged 85 years and older. �ese estimates undoubt-
edly underestimate the prevalence of frailty because frail individuals are less 
likely to participate in epidemiologic studies.

Loss of muscle mass, or sarcopenia, is an underlying component of frailty, 
but excess fat, especially visceral fat and muscle fat, has a greater in�uence on 
physical function, in�ammation, and metabolism than does low muscle mass. 
In the elderly, muscle strength, including contractile force, mitochondrial 
function, and speed of contraction or power, is more important to physical 
function than muscle mass. Weakness can be assessed in an o�ce se�ing by 
measuring a grip strength (�30 kg in men and �20 kg in women). Frailty itself 
is a risk factor for poorer outcomes, and it also worsens the prognosis of 
chronic conditions such as cardiovascular disease.6 One measure of frailty, 
which is the number of abnormal routine laboratory test results at the time 
of hospital admission, is strongly correlated with long-term mortality inde-
pendent of age, chronic diseases, and acute conditions.7

 Longevity and Healthy Aging
About 20 to 30% of longevity is heritable, similar to many complex chronic 
diseases. Animal models of aging show that lifespan can be extended several-
fold by altering genes, especially in the metabolic pathway. In lower organisms 
and mice, calorie restriction, achieved through long-term daily restriction of 
available calories, extends life, but this approach has mixed results in primates. 
Many hormonal factors are reduced with aging, but hormone replacement 
with estrogen, growth hormone, testosterone, and adrenal androgens is not 
bene�cial for longevity and may be harmful. Among genetic factors, absence 
of the ApoE4 allele remains the most robust predictor of longevity, and recent 
genome-wide association studies of centenarians also point to genes such as 
FOX03A in the pathway for metabolic control.

New �ndings regarding the basic biology of aging suggest that a few essential 
pathways that control metabolism, proteostasis, DNA repair, and others may 
be key for longevity research.8 Epigenetic control of DNA also appears to play 
an important role because methylation pa�erns (the epigenetic clock) are 
strongly related to age.

Many health conditions in late life may stem from early life exposures, 
including the health of the mother during pregnancy. For example, low birth-
weight or famine during pregnancy predicts early cardiovascular disease and 
diabetes when babies are later exposed to higher calorie intake. In Sweden, a 
lower lifetime exposure to infectious disease was associated with increased 
life expectancy. More research is needed to determine the critical periods for 
development and the optimal environmental exposures that can enhance 
healthy aging later in life.

  PREVENTION
Osteoporosis treatment is e�ective in reducing fracture risk in advanced old 
age, A1  and treatment of hypertension is e�ective in decreasing mortality a�er 
80 years of age. A2  Statins are e�ective in reducing coronary heart disease in 
older adults, A3  but their favorable cost-e�ectiveness for primary prevention 
in persons over age 75 years can be o�set by even minor geriatric-speci�c 

include loss of basic self-care skills, such as bathing and toileting; loss of ability 
to live in the community for skills such as shopping and paying bills; loss of 
mobility; and loss of ability to function in high-level tasks. Classi�cation 
schemes for disability in geriatrics are reviewed in Chapter 21.

�e majority of older adults are not disabled. Data from the National Health 
Interview Survey show that disability levels declined in the 1980s and 1990s 
but have largely plateaued in recent years. In 2012, about 28% of men and 
34% of women older than 65 years reported di�culty with complex activities. 
Disability for activities of daily living appears to be declining worldwide, 
although evidence suggests that less severe levels of disability are becoming 
more common. It is possible, however, that the obesity epidemic will result 
in more years with disability.

Disability is strongly related to multimorbidity (E-Fig. 20-1). �e most 
common disability combination is arthritis and hypertension (17%). When 
present in combination with depression, these conditions are the most disabling.4

 Frailty versus Vigor
Frailty (see Table 22-1) has been described as a state of decreased physiologic 
reserve and increased vulnerability to stress. Frailty can be de�ned as a wasting 
syndrome characterized by weakness, fatigue, low activity, slow movement, 
and weight loss.5 It has also been characterized by poor physical function 

TABLE 20�1	 LEADING CAUSES OF DEATH IN THE UNITED 
STATES, �65 YEARS, 1980�2014: DEATHS PER 
100,000 PERSONS

RANK
1980 2014

ALL CAUSES 1,341,848 ALL CAUSES 1,922,271
1 Diseases of heart 595,406 Diseases of heart 489,722
2 Malignant neoplasms 258,389 Malignant neoplasms 413,885
3 Cerebrovascular 

diseases
146,417 Chronic lower 

respiratory 
diseases

124,693

4 Pneumonia and 
in�uenza

45,512 Cerebrovascular 
diseases

113,308

5 Chronic obstructive 
pulmonary diseases

43,587 Alzheimer disease 92,604

6 Atherosclerosis 28,081 Diabetes mellitus 54,161
7 Diabetes mellitus 25,216 Unintentional injuries 48,295
8 Unintentional injuries 24,844 In�uenza and 

pneumonia
44,836

9 Nephritis, nephrotic 
syndrome, and 
nephrosis

12,968 Nephritis, nephrotic 
syndrome and 
nephrosis

39,957

10 Chronic liver disease 
and cirrhosis

9,519 Septicemia 29,124

From Federal Interagency Forum on Aging-Related Statistics. Older Americans 2016: Key Indicators 
of Well-Being. Federal Interagency Forum on Aging-Related Statistics. Washington, DC: U.S. 
Government Printing O�ce. August 2016.
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FIGURE 20�1.  Percentage of people age 65 years and older who reported having selected chronic health conditions, by sex, 2013-2014. Note: Data are based on a 2-year average 
from 2013-2014. Reference population: These data refer to the civilian noninstitutionalized population. (Source: Centers for Disease Control and Prevention, National Center for Health 
Statistics, National Health Interview Survey.)
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E�FIGURE 20�1.  Activities of daily living (ADL) and instrumental activities of daily living (IADL) limitations based on the sum of six ADLs and �ve IADLs. CVD � cardiovascular 
disease. (Adapted from Quiñones AR, Markwardt S, Botoseneanu A. Multimorbidity combinations and disability in older adults. J Gerontol A Biol Sci Med Sci. 2016;71:823-830.)



side e�ects,9 and these drugs can be discontinued safely in the se�ing of 
advanced, life-limiting illness. A4  Physical activity, especially resistance train-
ing, signi�cantly decreases the risk of disability, A5 

,
 A6  and it may reduce the 

risk of dementia, although the la�er �nding is primarily from observational 
studies that may be confounded by the fact that healthier people are more 
able to exercise. Testosterone replacement in hypogonadal men has limited 
bene�t in treating sexual function, but it does not improve physical and cog-
nitive functioning. A7  In healthy elderly persons, low-dose aspirin not only 
does not improve disability-free survival but also actually increases all-cause  
mortality. A8 

,
 A9 
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4.	 Muscle aging is characterized by the following features:
	A.	 Loss of contractile force
	B.	 Loss of muscle fat in�ltration
	C.	 Increase of muscle innervation
	D.	 All of the above

Answer: A  Loss of contractile force is related to an increase in muscle fat 
in�ltration and decrease in innervation.

5.	 Longevity:
	A.	 Is predominantly genetic
	B.	 Is predominantly related to environmental factors
	C.	 Has been shown to be extended by caloric restriction diets in humans

Answer: B  About 20 to 30% longevity is heritable, but at least 70% is due to 
environmental factors and behavior. Longevity is characterized by delayed 
onset of disease across the lifespan, including old age. Caloric restriction diets 
increase longevity in many model organisms from yeast to some primates, 
but any potential longevity bene�t in humans is unknown.

REVIEW QUESTIONS
1.	 Which of the following demographic trends contributes to global aging?

	A.	 Decrease in mortality rates in infancy
	B.	 Decrease in birth rates
	C.	 Decrease in mortality rates in adults 65 and older
	D.	 All of the above

Answer: D  All of these trends are occurring together and are especially rapid 
in developing countries.

2.	 �e most common causes of death in older adults a�er age 65:
	A.	 Are cardiovascular disease and cancer
	B.	 Cannot be determined because of multimorbidity
	C.	 Are pneumonia and dementia
	D.	 All of the above

Answer: A  Although pneumonia and dementia have become more common 
as causes of death, the most common causes remain cardiovascular disease 
and cancer.

3.	 Disability in older adults is related to:
	A.	 �e number of chronic health conditions
	B.	 Mortality
	C.	 Institutionalization
	D.	 All of the above

Answer: D  Disability strongly re�ects the underlying health status of older 
adults and, thus, predicts all of these poor health outcomes.
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ABSTRACT
Geriatric assessment is an evaluation process that recognizes the diverse medical 
and psychosocial conditions that in�uence the health status of older persons. 
In addition to the diseases that are common in the elderly population, these 
in�uences include social, psychological, and environmental factors. �e dimen-
sions of geriatric assessment can range from brief screens by individual clini-
cians to an intensive interdisciplinary process that includes both evaluation 
and management. �ree fundamental concepts guide geriatric assessment and 
the resulting medical management. At the core of geriatric assessment is func-
tional status, both as a dimension to be evaluated and as an outcome to be 
maintained or improved. A second overarching concept guiding geriatric 
assessment is prognosis, particularly life expectancy. Finally, geriatric assess-
ment must be guided by the patient�s goals. �e �rst step in geriatric assessment 
is a medical evaluation. Some aspects that are rarely abnormal in younger 
adults (e.g., mobility, cognition) may cause substantial morbidity in older 
persons. �e medical components include vision; hearing; cognition; mood 
and a�ect; falls, including strength, gait and mobility, and balance; medication 
review; nutrition; urinary incontinence; and frailty. Although prevention is 
part of a geriatric assessment, fewer preventive services are recommended 
with increasing age because of limited life expectancy and greater comorbidi-
ties. Nonmedical assessments include evaluating the patient�s environment, 
social support, and �nancial ability to meet health needs.
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E�TABLE 21�1	 LIFE EXPECTANCY �Y� BY AGE �UNITED 
STATES�, 2012*

AGE
25th PERCENTILE 50th PERCENTILE 75th PERCENTILE

MEN WOMEN MEN WOMEN MEN WOMEN
65 12 14 18 21 24 27
70 8 11 14 17 20 22
75 6 8 11 13 16 18
80 4 5 8 10 11 14
85 3 3 6 7 9 10
90 2 2 4 5 6 7
95 1 1 3 3 4 5
*Figures indicate the number of years in which a percentage of the corresponding age and sex 
cohort will die. For example, in a cohort of men aged 65, 25% will be dead in 11 y (by age 76), 50% 
in 18 y, and 75% in 24 y.
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(h�ps://www.cdc.gov/steadi/pdf/check_for_safety_brochure-a.pdf). For 
home-bound older patients, a home safety evaluation by a home health agency 
is more appropriate.

 Social Support Assessment
When older persons become frail, the adequacy of their social support network 
may be the determining factor in whether they can remain at home or need 
institutionalization. A brief screen of social support includes taking a social 
history, including asking who would be available to help if the patient becomes 
ill. For patients with functional impairment, the clinician should ascertain 
who can help the patient perform ADLs or IADLs. Early identi�cation of 
problems with social support can help avoid crisis situations if the patient has 
a sudden medical or functional decline. Caregivers should be screened peri-
odically for symptoms of depression or caregiver burnout and referred for 
counseling or support groups if necessary.

 Financial Assessment
Although most clinicians do not have the training or expertise to explore 
�nancial resources in detail, knowing the patient�s insurance status may be 
helpful. For example, patients with Medicaid coverage may qualify for addi-
tional medical or social support bene�ts. Some may be eligible for other state 
or local bene�ts, depending on their income. Others may have long-term care 
insurance or veterans� bene�ts that can help pay for caregivers, obviating the 
need for institutionalization.

  A STRATEGIC APPROACH TO GERIATRIC 
ASSESSMENT FOR THE PRACTICING CLINICIAN

Although assembling an interdisciplinary assessment team is beyond the 
capability of most practitioners, even small group practices can use team-
work and simple practice design to perform geriatric assessments e�ciently 
and comprehensively. �ese assessments can lead to local implementation of 
or referral to comprehensive care models that can improve the outcomes of 
elderly individuals with a variety of chronic conditions, especially in hospi-
talized older persons. A5  For example, comprehensive preoperative geriatric 
assessment can shorten postoperative length of stay and reduce complica-
tions a�er major vascular surgery. A6  Because of time constraints, screening is 

dementia), dental, and social or functional (e.g., poverty, inability to shop or 
to prepare meals) causes. �ere is insu�cient evidence to support screening 
older adults for vitamin D de�ciency and no evidence that high-dose vitamin 
D supplementation can prevent functional decline. A2 ,11

Urinary Incontinence
Approximately one third of community-dwelling older adult women have 
some degree of urinary incontinence (Chapter 23), and 75% of older men 
have abnormal urinary tract symptoms. Complications of incontinence include 
skin irritation, pressure ulcers, urinary tract infections, sleep disruption, and 
falls. Identi�cation of urinary incontinence is important because e�ective 
behavioral and pharmacologic treatments are available.

A simple screen for urinary incontinence asks the following question: 
Have you had urinary incontinence (do you �lose� your urine) to the extent 
that it is bothersome and you would like to know how it can be treated? 
�is may be valuable in determining which patients want further evaluation 
and therapy. Patients who answer yes should be asked how much urine is 
leaked, how much it interferes with daily life, and when the leakage occurs. 
Further evaluation and treatment depend on whether the incontinence 
is over�ow incontinence, urge incontinence, or stress incontinence (see  
Table 23-3).

Frailty
Recently, there has been increasing interest in measuring and identifying physi-
ologic decline in old age, which has been termed �frailty� (Chapter 22). Although 
several approaches have been used, one of the most widely used methods 
de�nes pre-frailty as meeting 1 or 2 and frailty as meeting at least 3 of the 
following: weight loss (�5 percent of body weight in last year), exhaustion 
(positive response to questions regarding e�ort required for activity), weak-
ness (decreased grip strength), slow walking speed (gait speed) (�6 to 7 seconds 
to walk 15 feet), and decreased physical activity (Kcals spent per week: males 
expending �383 Kcals and females �270 Kcal). Frailty usually is assessed by 
a combination of self-report and performance-based (e.g., hand grip, gait speed) 
tasks.12 Frailty is associated with increased mortality, hip fractures, cognitive 
decline, and adverse outcomes related to several surgical procedures and in-
hospital care.13,14

  PREVENTIVE SERVICES
Preventive services include lifestyle advice, screening tests to detect asymp-
tomatic disease, and vaccinations. Recommended adult immunization schedules 
for older adults (Chapter 15) include annual in�uenza vaccination, one-time 
pneumococcal vaccinations (both pneumococcal conjugate vaccine and pneu-
mococcal vaccine polyvalent given at di�erent times), one-time herpes zoster 
vaccination (even if the patient reports a past episode of herpes zoster), and 
tetanus toxoid vaccination every 10 years a�er receiving one dose of tetanus, 
diphtheria, and pertussis vaccination (Tdap) (Chapter 15).

Advice on other recommendations of the U.S. Preventative Task Force can 
be found on the interactive website (h�p://epss.ahrq.gov/ePSS/search.jsp) 
based on the patient�s age, gender, tobacco use, and current sexual activity. 
For younger elderly persons, recommendations include screening for blood 
pressure, A3  diabetes (if overweight or obese), hyperlipidemia, obesity, alcohol 
misuse, colorectal cancer (to age 75 years), as well as osteoporosis and breast 
cancer (to age 75 years) in women, with appropriate counseling and treatment 
if these disorders are detected. Exercise or physical therapy is recommended 
to prevent falls in patients who are at increased risk. Aspirin is not recom-
mended in healthy elderly individuals because its adverse e�ects outweigh 
any cardiovascular bene�ts. A4  Other recommendations depend on patient-
speci�c risk factors.

With increasing age, fewer preventive services are recommended because 
of limited life expectancy and greater comorbidities. When the evidence base 
for preventive services is sparse, decisions should be individualized, on the 
basis of the patient�s personal values, goals, and preferences.

  NONMEDICAL ASSESSMENTS
 Environmental Assessment
Assessing a patient�s environment includes evaluating three components: the 
person�s ability to access community services (e.g., ge�ing to the bank and 
stores if the patient cannot drive), the safety of the physical environment, 
and the appropriateness of the living situation for the person�s functional 
ability and cognitive status. A brief screen for safety of the physical environ-
ment can be accomplished by using a checklist that is in the public domain  

Responses are scored as follows: 0, not at all; 1, several days; 2, more than 
half the days; 3, nearly every day. Persons who score a total of 3 points or 
higher on the two-item screen have a 75% probability of having a depres-
sive disorder and should be evaluated in more detail (see Table 24-3 and  
Chapter 369).

Falls, Mobility, and Balance
Approximately one third of community-dwelling persons older than 65 years 
and half of those older than 80 years fall each year. Ten percent of these falls 
result in a serious injury.

All older patients should be asked at least annually if they have fallen, and 
frail older persons should be asked about falls at every visit. �ose who have 
fallen at least twice in the past year or had prior fall-related injury are particu-
larly at risk for another fall-related injury.8 Falls are also more common in 
people who are less independent in their basic and complex life activities and 
who are depressed.9 In addition, asking about fear of falling can identify patients 
at risk of future falls.

Patients who have fallen or have a fear of falling should have a falls assess-
ment including measuring orthostatic blood pressure; assessing vision; review-
ing medications; and testing balance, gait, and lower extremity strength. Balance 
and gait can be assessed by direct observation of their ability to perform 
speci�c tasks. Tests of balance include the ability to maintain a side-by-side, 
semitandem, and full-tandem stance for 10 seconds; resistance to a nudge; 
and stability during a 360-degree turn. Quadriceps strength can be assessed 
by observing an older person rising from a hard armless chair without using 
his or her hands.

In addition, direct qualitative and quantitative observation of gait to deter-
mine stability is a quick and important component of assessment. Qualitative 
aspects include evaluation of hesitancy; sway; step length, height, symmetry, 
and continuity; and path deviation. Gait speed is also a helpful marker for 
recurrent falls. Patients who take more than 13 seconds to walk 10 meters 
(0.8 meter per second) are more likely to have recurrent falls and to have a 
shorter life expectancy.

�e timed up-and-go test combines some features of strength and gait.10 
It is a timed test of the patient�s ability to rise from a standard armchair, 
walk 3 meters (10 feet), turn, walk back, and sit down again. Patients who 
take longer than 20 seconds to complete the test should receive further  
evaluation.

Mobility can range from transferring from bed to a chair to traveling outside 
of the patient�s geographic region, which has been described as life-space assess-
ment. Brief screening can focus on whether patients have di�culty walking 
up a �ight of 10 steps or walking a quarter of a mile or whether they have 
needed to modify the way they performed these because of health or physical  
reasons.

Medication Review
Older persons o�en see several di�erent health care providers who prescribe 
multiple medications that increase the risk for drug-drug interactions and 
adverse drug events. At a minimum, the clinician should review the patient�s 
updated and accurate medication list at each visit. A good method of detecting 
potential problems is to have patients bring in all their medications (prescrip-
tion and nonprescription) in their bo�les. Entering a patient�s medication list 
into commercially available computer drug interaction programs can help 
prevent adverse events. Many electronic health records also alert clinicians to 
potential drug interactions.

Nutrition
Malnutrition in older adults includes obesity (Chapter 207), undernutrition 
(Chapter 204), and speci�c vitamin de�ciencies (Chapter 205). Obesity in 
older adults is de�ned as a body mass index (BMI) of 30 kg/m2 or greater. 
High BMI is associated with poorer function and more comorbidities, such 
as type 2 diabetes mellitus (Chapter 216), osteoarthritis (Chapter 246), hyper-
lipidemia (Chapter 195), coronary artery disease (Chapter 46), and sleep 
apnea (Chapter 377).

At the initial visit, patients should be weighed and asked about weight loss 
in the previous 12 months. �ey should be weighed at all follow-up visits. 
BMI should be calculated on the initial visit and periodically therea�er (e.g., 
yearly or when a change in weight suggests the need to recalculate).

Weight loss of 4% or more during 12 months predicts increased mortality 
and should prompt an evaluation of medical (e.g., malignant disease, gastro-
intestinal disorders, hyperthyroidism, diabetes), psychiatric (e.g., depression, 

  Grade A References
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increasingly delegated to sta� and to patients and their families by standing 
orders, forms, and questionnaires (Table 21-1). For example, previsit ques-
tionnaires can be used to gather information about past medical and surgical 
history; medications and allergies; social history, including available social 
support resources, preventive services, ability to perform functional tasks, 
and need for assistance; home safety; and advance directives. In addition, the 
previsit questionnaire can include speci�c questions that assess vision, hearing, 
falls, urinary incontinence, and depressive symptoms. A reasonable approach 
is to assess these issues annually beginning at age 75 years. Persons who are 
younger than 75 years but have multiple comorbidities should also be screened 
and reassessed annually. In addition, some elements of geriatrics assessment 
(assessing ADLs and IADLs; gait, balance, and falls; mood and a�ect; and cogni-
tion) should be performed a�er major illnesses, especially for those requiring  
hospitalization.

(h�ps://www.cdc.gov/steadi/pdf/check_for_safety_brochure-a.pdf). For 
home-bound older patients, a home safety evaluation by a home health agency 
is more appropriate.

 Social Support Assessment
When older persons become frail, the adequacy of their social support network 
may be the determining factor in whether they can remain at home or need 
institutionalization. A brief screen of social support includes taking a social 
history, including asking who would be available to help if the patient becomes 
ill. For patients with functional impairment, the clinician should ascertain 
who can help the patient perform ADLs or IADLs. Early identi�cation of 
problems with social support can help avoid crisis situations if the patient has 
a sudden medical or functional decline. Caregivers should be screened peri-
odically for symptoms of depression or caregiver burnout and referred for 
counseling or support groups if necessary.

 Financial Assessment
Although most clinicians do not have the training or expertise to explore 
�nancial resources in detail, knowing the patient�s insurance status may be 
helpful. For example, patients with Medicaid coverage may qualify for addi-
tional medical or social support bene�ts. Some may be eligible for other state 
or local bene�ts, depending on their income. Others may have long-term care 
insurance or veterans� bene�ts that can help pay for caregivers, obviating the 
need for institutionalization.

  A STRATEGIC APPROACH TO GERIATRIC 
ASSESSMENT FOR THE PRACTICING CLINICIAN

Although assembling an interdisciplinary assessment team is beyond the 
capability of most practitioners, even small group practices can use team-
work and simple practice design to perform geriatric assessments e�ciently 
and comprehensively. �ese assessments can lead to local implementation of 
or referral to comprehensive care models that can improve the outcomes of 
elderly individuals with a variety of chronic conditions, especially in hospi-
talized older persons. A5  For example, comprehensive preoperative geriatric 
assessment can shorten postoperative length of stay and reduce complica-
tions a�er major vascular surgery. A6  Because of time constraints, screening is 
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TABLE 21�1	 APPROACHES TO ASSESSMENT OF FUNCTION IN ELDERLY INDIVIDUALS

ASPECT BEING 
ASSESSED

PREVISIT QUESTIONNAIRE OFFICE STAFF ADMINISTERED
LENGTH OF SCREEN* INSTRUMENTS LENGTH OF SCREEN* INSTRUMENTS

Functional status D Activities of daily living
Instrumental activities of daily living

Advance directives B Speci�c question about advance 
directives

MEDICAL ASSESSMENT
Visual impairment B Single-item question B Snellen eye chart (see Table 395-1)
Hearing impairment B Hearing Handicap Inventory for the 

Elderly
B (if needed) Whisper test

Audioscope
Cognitive problems B D Mini-cog (see Chapter 24)
Mind, a�ective problems D PHQ-2 and 9 (see text) B
Falls, mobility, balance B Simple questions B Timed up-and-go test
Medication review D Inspection of medication bo�les
Malnutrition D Single question B Weight
Urinary incontinence B Single question B International Consultation on Incontinence 

Modular Questionnaire short form if single 
question is positive (see Chapter 23)

Frailty B Questions B Gait speed, grip strength
Preventive services D Speci�c questions
OTHER DIMENSIONS
Environment D Home safety checklist
Social support B Single question
Financial status B Insurance status
*B � brief screen (e.g., �2 minutes); D � detailed evaluation (usually �5 minutes); PHQ � Patient Health Questionnaire (see text).
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REVIEW QUESTIONS
1.	 �e term that has been used to balance the risk of immediate harm versus 

longer term bene�t is:
	A.	 Bene�t lag time
	B.	 Number needed to bene�t/number needed to harm ratio
	C.	 Time to bene�t
	D.	 Utility ratio

Answer: C  Time to bene�t.

2.	 �e correct interpretation of an �insu�cient� recommendation by the U.S. 
Preventive Services Task Force is which of the following?
	A.	 �ese tests should not be performed because they can cause harm.
	B.	 �ese tests should not be performed because they do not confer bene�t.
	C.	 �ese tests should be performed at the discretion of the clinician.
	D.	 �e data supporting the use of these tests is insu�cient to conclude 

whether these tests should be performed.
Answer: D  �e data supporting the use of these tests is insu�cient to con-
clude whether these tests should be performed.

3.	 Which of the following justi�es cognitive screening?
	A.	 Family reports of repeatedly answering the same questions
	B.	 A grade A recommendation from the U.S. Preventive Services Task 

Force
	C.	 Interventions that can prevent dementia
	D.	 Interventions that can reverse early dementia

Answer: A  �e U.S. Preventive Services Task Force has found insu�cient 
evidence to justify screening for cognitive impairment. Nevertheless, when a 
clinical index of suspicion is raised, screening and, if appropriate, diagnostic 
tests, are indicated. No interventions have been demonstrated to prevent or 
reverse dementia.

4.	 Which of the following screening assessments is supported by Grade A 
evidence?
	A.	 Hearing loss screening
	B.	 Visual acuity screening
	C.	 Osteoporosis screening in men
	D.	 Lipid screening in persons 80 years of age or older
	E.	 Screening for hypertension

Answer: E  Of those listed, only screening for hypertension is de�nitely rec-
ommended for all adults.

5.	 Which of the following screening assessments cannot be performed using 
self-report questionnaires?
	A.	 Hearing screening
	B.	 Visual acuity
	C.	 Cognitive screening
	D.	 Falls screening
	E.	 Depression screening

Answer: C  Cognitive screening requires some type of performance-based 
evaluation (e.g., the Mini-Cog). For all other conditions, assessment can begin 
with a questionnaire.
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ABSTRACT
Older adults comprise the majority of medical patients and have many more 
iatrogenic complications compared with younger adults. Complex physiologic 
and biologic aging-related changes, as well as chronic disease states, contribute 
to this vulnerability. Common organ- and tissue-speci�c age-related changes 
contribute to cardiovascular disease, urinary tract conditions, and musculo-
skeletal changes. Many of these changes contribute to frailty�late-life vulner-
ability to adverse health outcomes�that is increasingly used as a clinical screen 
to assess risk and design interventions.
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E�FIGURE 22�1.  Dysregulation of stress response systems and their in�uence on 
vulnerability to adverse outcomes. HPA � hypothalamic-pituitary-adrenal; SNS � sym-
pathetic nervous system. 
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capacity declines, and it becomes more di�cult to excrete a salt load or to 
conserve water in the face of dehydration.

�e bladder becomes more irritable with advancing age and may generate 
less power, which is especially a problem in men with prostatic hypertrophy 
(Chapter 120). By comparison, urinary incontinence (Chapter 23) is more 
prevalent in women. Residual bladder urine volume increases, and nocturia 
is common. Vaginal and urethral atrophy predispose women to urinary tract 
infections (Chapter 268).

�e kidney is more susceptible to the e�ects of medications, particularly 
nonsteroidal anti-in�ammatory drugs, which can result in sodium and �uid 
retention and subsequent hypertension. In elderly individuals, a slight acidemia 
results from impaired acid excretion and may contribute to the development 
of osteoporosis.

 Endocrine System
Growth hormone levels fall with advancing age (Chapter 211), thereby result-
ing in decreased muscle strength, thinning of bones and skin, and increased 
central fat. However, growth hormone replacement does not appear to result 
in improved muscle strength. Levels of thyroid hormones do not decline with 
age (Chapter 213). Parathyroid hormone levels, however, commonly increase, 
especially in women, probably in response to the kidney�s declining ability 
to maintain normal serum levels of phosphorus and calcium (Chapters 189 
and 232).

�e ability of the pancreas to release insulin is blunted with advancing 
age (Chapter 216), but the kidney�s clearance of insulin also decreases. 
�e net result is maintained plasma insulin levels in the fasting state but an 
increased likelihood of postprandial or stress-induced hyperglycemia. Dra-
matic declines in estrogen and progesterone production precipitate meno-
pause at an average age of 51 years (Chapter 227). Testosterone levels begin 
to decrease in men by about 50 years of age, o�en with resulting declines in 
sexual function but not in the potency of semen (Chapter 221). Testosterone 
supplements reverse the muscle loss and sexual implications of declining tes-
tosterone levels, but their e�ect on the risk of cardiovascular complications is  
uncertain.

 Immune System
Declines in the responsiveness of the immune system explain why the incidence 
of autoimmune conditions, such as systemic lupus erythematosus (Chapter 
250) and multiple sclerosis (Chapter 383), declines in the elderly. However, 
this same decline explains increased morbidity and mortality with infectious 
diseases and the increased risk of reactivating infections such as tuberculosis 
(Chapter 308) and herpes zoster (Chapter 351). �ese risks emphasize the 
importance of vaccination against herpes zoster, in�uenza, pneumococcal 
pneumonia, and tetanus in the elderly (Chapter 15).

 Hematopoietic System
Hematopoiesis (Chapter 147) is generally sustained with aging, except in 
response to marked stress. �e one exception is that the hematocrit declines 
somewhat in elderly men, presumably owing to their lower testosterone levels.

 Integumentary System
With aging, the epidermis and dermis adhere less tightly and the subcutaneous 
tissue thins, thereby making the skin feel looser and more likely to wrinkle 
and ulcerate. Clinical sequelae include senile purpura (Fig. 22-2) due to tears 
in small venules a�er bumps or abrasions (Chapter 411). Ultraviolet light 
exposure also predisposes to skin cancer (Chapter 193), rosacea (Chapter 
410), xerosis, and hair loss (Chapter 413).

Wound healing is also compromised, and complete skin healing can take 5.5 
weeks instead of 3.5 weeks in individuals older than 65 years. As a result, older 
adults are more prone to pressure sores when they are bedridden. Pressure 
sores, which are necrotic areas of muscle, subcutaneous fat, and skin, usually 
occur between underlying bone and a hard surface (or a so� surface during 
a prolonged time) as a result of compression and subsequent ischemia (Fig. 
22-3). A continuous-pressure threshold of only 30 to 35 mm Hg is needed to 
cause pressure sores, and a standard ma�ress can generate pressures �ve times 
as high. In addition to pressure injury, other contributing factors include shear 
injury from rubbing constantly against underlying surfaces; burning injury 
from friction of the super�cial skin layers; and moisture that so�ens the skin, 
makes it stick to underlying surfaces, and provides easy access for infection.

Safe positioning, regular turning, avoidance of direct pressure, pressure-
reducing beds, and advanced static ma�resses or advanced static overlays can 
reduce the incidence of pressure sores. Alternating-air ma�resses or overlays 

ventricular �lling in early diastole declines by 50%, and ventricular �lling 
becomes more dependent on atrial contraction (Chapter 47). Although ath-
erosclerosis is the most important cause of symptomatic cardiac disease in 
elderly people, the age-associated vascular sti�ness results in an age-related 
increase in heart failure despite normal systolic function (Chapter 52). With 
the gradual loss of up to 90% of sinus node pacemaker cells by the age of 80 
years, both the resting heart rate and the maximal heart rate with exercise 
decline. Conduction system dysfunction contributes to an increase in the 
prevalence of atrial �brillation, which is seen in about 4% of community-
dwelling older individuals (Chapter 58) and can develop in up to one third 
of the elderly a�er surgery (Chapter 405). Heart valves thicken and sti�en, 
and the prevalence of aortic stenosis and mitral annular calci�cations rises 
(Chapter 66), o�en causing heart murmurs.

Sti�ening of the aorta causes an increase in systolic blood pressure, whereas 
diastolic blood pressure o�en stays stable or even declines (Chapter 70). Hyper-
tensive patients age 80 years and older who are healthy and functionally inde-
pendent should generally be treated according to current recommendations 
for people older than 65 years, with a systolic blood pressure goal of �140 mm 
Hg associated with lower cardiovascular and all-cause mortality. A1  For frail 
elders, however, treatment must be individualized.2 In older persons with 
mild cognitive de�cits, discontinuation of antihypertensive treatment does 
not improve cognitive, psychological, or general daily functioning. A2 

�e combination of impaired ventricular �lling and the inability to increase 
the heart rate with stress contributes to the postural hypotension that is seen 
in 20% of older individuals (Chapter 56), as well as their predisposition to 
falls3 and syncope with stresses that younger individuals would tolerate. �e 
reduced ability of the elderly to tolerate cardiovascular stress must be recog-
nized and anticipated whenever they experience a major illness. In addition, 
coronary artery disease can limit cardiac reserve and increase the risk that 
hypotension will cause a secondary myocardial infarction.

Hyperlipidemia is common in older adults, and statins are e�ective in 
this age group for reducing coronary heart disease events. A3  However, their 
favorable cost-e�ectiveness for primary prevention in persons over age 75 
years can be o�set by even minor geriatric-speci�c side e�ects,4 and these 
drugs can be discontinued safely in the se�ing of advanced, life-limiting  
illness. A4  Low-dose aspirin is not bene�cial in healthy elderly people because 
its side-e�ects outweigh its bene�ts. A5 

,
 A6 

All adult cardiac conditions become more common with aging. Exer-
cise training can improve endurance and decrease age-related cardiac  
sti�ness. A7  Treatment recommendations for speci�c cardiac abnormalities must 
balance the potential bene�t of targeted interventions against the common 
multimorbidities seen with aging.5

 Respiratory System
�e chest wall sti�ens with advancing age, and the lungs lose elastic recoil 
(Chapter 79). Maximal vital capacity declines by about 40%, but oxygen 
exchange declines by about 50% because of the additive e�ect of progressive 
ventilation-perfusion mismatching (Chapter 79). As a result, the arterial P�2 
of many 80-year-olds is about 70 to 75 mm Hg. �e clinical manifestations 
are o�en progressive shortness of breath with exercise (Chapter 77) and an 
increased susceptibility to community-acquired pneumonia (Chapter 91) and 
even to aspiration pneumonia.

 Gastrointestinal System
Taste and smell (Chapter 399) decline with advancing age. Food tends to 
taste less sweet and more bi�er.

�e esophageal sphincter can become lax (Chapter 129), thereby increasing 
re�ux and even aspiration. Atrophic gastritis reduces the risk of duodenal 
ulcer but also the absorption of iron (Chapter 150) and vitamin B12 (Chapter 
155). Delayed gastric emptying can lead to a sense of early satiety and decreased 
appetite.

A gradual decline in the number of hepatocytes decreases the weight of 
the liver by about one third by the age of 90 years and decreases the liver�s 
ability to metabolize drugs (Chapter 26). Distal colonic motility from the 
rectosigmoid to the anal canal declines, and more than 60% of elderly indi-
viduals develop constipation (Chapter 127). Diverticula (Chapter 133) become 
more common with age and are seen in up to 50% of people older than age 
80 years.

 Urinary System
Glomerular �ltration declines by about 1% per year, and kidney size declines 
by about one third in older adults (Chapter 107). Maximal concentrating 
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 Sensory and Sleep
In addition to age-related cognitive decline (Chapters 24 and 25), hearing 
loss develops in about 25% of individuals older than 65 years (Chapter 400), 
with decreased neural transmission leading to di�culty in discriminating 
important sounds from background noise. Presbycusis diminishes the ability 
to hear high-frequency sounds.

�e thickening and sti�ening of the lens diminish the ability to focus on 
nearby objects and increase glare (Chapter 395). Transmission of light through 
the lens may decline by 50% or more, so elderly individuals require more 
ambient light. Vitreal detachment causes �oaters that also can interfere with 
vision. Decreased tear production causes dryness of the eyes. All of these 
conditions contribute to a decline in visual acuity to the extent that 40% of 
men and 60% of women older than 65 years have a visual acuity of 20/70 or 
worse.

Older adults tend to have di�culty in sleeping (Chapter 377) yet spend 
much more time in bed. Sleep apnea also becomes more common with advanc-
ing age (Chapter 377).

Frailty as a Clinical Marker of Vulnerability in Older Adults
Frailty in older adults is a geriatric syndrome of weakness, slowness, and weight 
loss, owing to an a aggregate of comorbidities and conditions.8 Frailty serves 
as a clinical indicator of which older adults are at high risk for adverse out-
comes, including delirium (Chapter 25), falls, and mortality.9 Measures of 
frailty are also increasingly utilized to identify older adults who are at highest 
risk for adverse health outcomes related to procedures or medical treatments, 
such as intensive care10 or surgery.11,12 Validated frailty screening tools (Table 
22-1) enable physicians to identify patients at highest risk of side e�ects,13 
adverse outcomes, and mortality and to develop preventive interventions that 
will decrease risk and improve quality of life.

The Biology of Vulnerability and Resiliency in Older Adults
�e biology that di�erentiates vulnerable or frail older adults from resilient 
or robust older adults is complex and multisystemic in nature. For example, 
diminished heart rate variability, which is a marker of dysregulated sympathetic 
nervous system activity, is associated with aging, frailty, and cardiac arrhyth-
mias. Frail older adults have signi�cantly higher levels of salivary cortisol during 

are not recommended.6 Pressure sores should be photographed to establish 
a baseline. �e wound should be freed of any pressure to prevent additional 
pressure ulcers. Wet-to-dry dressings are a mainstay, and semiocclusive and 
occlusive dressings also can be helpful. Protein or amino acid supplementation 
enriched with zinc and antioxidants, A8  hydrocolloid or foam dressings, and 
adjunctive electrical stimulation may be useful.7 Surgical or chemical dØbride-
ment is o�en required. Topical or systemic antibiotics (Chapter 266) may be 
needed. Pressure ulcers usually heal within 6 months, but surgical repair is 
sometimes required.

 Musculoskeletal System
Bone mass and density decrease by about 1% per year but by up to 2 to 3% 
per year in the �rst 5 to 10 years a�er menopause in women (Chapters 227 
and 230). In older women with osteopenia, bisphosphonate therapy (e.g., 
zoledronate, four 5-mg infusions at 18-month intervals) signi�cantly reduces 
the risk of nonvertebral or vertebral fragility fractures. A9  Tendons and liga-
ments become less elastic, thereby contributing to a higher incidence of rupture, 
especially of the Achilles tendon. Muscle mass declines by about 25% by the 
age of 70 years and by 30 to 40% by the age of 80 years unless it is o�set by 
exercise.

 Clinical Pharmacology
Older adults take a disproportionate share of all prescription (Chapter 26) 
and nonprescription medications (Chapter 34), and they are at increased risk 
of drug-drug interactions. Because the elderly have less muscle mass and more 
fat as a proportion of total body weight, they are more sensitive to the e�ects 
of water-soluble drugs and have prolonged e�ects from lipophilic drugs. Declines 
in renal and hepatic function reduce the clearance of most drugs, although 
drugs that are conjugated and glucuronidated are cleared relatively normally. 
Older people also are more likely to be nonadherent to prescribed regimens 
owing to the number of medications and their cost, mental impairment, and 
medication side e�ects.

FIGURE 22�2.  Senile purpura is a common and benign condition that results from 
impaired collagen production and capillary fragility in some older adults. In the absence 
of other signs of disease, no investigation is necessary. (From Forbes CD, Jackson WF. 
Color Atlas and Text of Clinical Medicine. 3rd ed. London: Mosby; 2003.)

FIGURE 22�3.  Severe sacral pressure sore, one of the serious but preventable com-
plications of immobility. (From Forbes CD, Jackson WF. Color Atlas and Text of Clinical 
Medicine. 3rd ed. London: Mosby; 2003.)

TABLE 22�1	 FOUR COMMONLY USED INSTRUMENTS TO 
MEASURE FRAILTY IN OLDER ADULTS, WITH 
RELEVANT MEASUREMENT DOMAINS AND 
SCORING CRITERIA

INSTRUMENT DOMAINS SCORING
Physical frailty (biologic 

syndrome model)*
Physical function 

(slowness, low activity, 
weakness), nutritive 
(weight loss), and 
exhaustion

Score range: 0-5
Frail � �3 criteria present
Intermediate/pre-frail � 1-2 

criteria present
Robust � 0 criteria present

Cumulative De�cit 
Frailty Model 
(comorbidity model)�

Diseases, ability in ADL, 
health a�itudes/values, 
and symptoms/signs 
from the clinical and 
neurologic 
examinations

Number of de�cits present 
and divided by the 
number of de�cits taken 
into consideration

Higher proportion equates 
to a higher level of frailty

Vulnerable Elders Survey 
(VES-13)�

Physical function and 
ADL/IADL disability

Score range: 0-10
Frail � score �3

1994 Frailty measure 
(functional domains 
model)§

Physical function, 
nutritive function, 
cognitive function, 
sensory problems

Subject scoring a 3 or higher 
on at least one item in 
any domain is considered 
to have a problem or 
di�culty in that domain

Frail � problems/di�culties 
in �2 domains

Details on the use and implementation of these tools can be found in the referenced articles. ADL � 
activities of daily living; IADL � instrumental activities of daily living.
*Fried LP, Tangen CM, Walston J, et al. Frailty in older adults: evidence for a phenotype. J Gerontol 
A Biol Sci Med Sci. 2001;56:M146-M156.
�Rockwood K, Andrew M, Mitnitski A. A comparison of two approaches to measuring frailty in 
elderly people. J Gerontol A Biol Sci Med Sci. 2007;62:738-743.
�Saliba D, Ellio� M, Rubenstein LZ, et al. �e Vulnerable Elders Survey: a tool for identifying 
vulnerable older people in the community. J Am Geriatr Soc. 2001;49:1691-1699.
§Strawbridge WJ, Shema SJ, Balfour JL, et al. Antecedents of frailty over three decades in an older 
cohort. J Gerontol B Psychol Sci Soc Sci. 1998;53:S9-S16.



osteoporosis, arthritis, and foot disorders. �e risk of falling also increases in 
patients who take more prescription medications, especially hypnotics, muscle 
relaxants, antihypertensive agents, diuretics, and antidepressant medications. 
Environmental risks include stairs, loose objects, rugs, poor lighting, poorly 
��ing shoes, uneven pavements, and slippery surfaces.

Patients who have fallen or have a fear of falling should have a falls assess-
ment including measuring orthostatic blood pressure; assessing vision; review-
ing medications; and testing balance, gait, and lower extremity strength.14 
Exercise alone and exercise combined with other interventions (e.g., vision 
assessment and treatment; environmental modi�cation) lower the risk com-
pared with usual care. A13 

,
 A14 

the a�ernoon nadir period, thereby suggesting chronically increased activity 
of the hypothalamic-pituitary-adrenal axis. Elevated levels of in�ammatory 
cytokines, especially IL-6, tumor necrosis factor-� receptor 1 (TNFR1), and 
C-reactive protein, are strongly related to functional decline, frailty, chronic 
disease, and mortality in older adults, probably owing to increased fat, more 
senescent cells, and free radical production from altered mitochondria. IL-6 
is likely to have a negative impact on stem cells and satellite cells, which in 
turn may contribute to the chronic anemia and age-related declines in skeletal 
muscle (sarcopenia) and bone mass (osteopenia) commonly observed in frail, 
older adults. TNFR1 stimulates apoptosis and necroptosis, which are cell 
programs that lead to cell death and possibly tissue depletion and vulnerability 
later in life. In addition to stress response systems, endocrine factors that 
normally maintain muscle mass also play a role in frailty. For example, the 
adrenal androgen dehydroepiandrosterone sulfate and insulin-like growth 
factor 1 are signi�cantly lower in frail adults. Future preventive or treatment 
strategies to reduce frailty and improve resiliency may target some of these 
stress responses or endocrinologic changes.

One approach is to measure physiologic parameters such as grip strength, 
walking speed, and weight loss, as well as to gather information about activity 
and fatigue levels. With use of this approach, the prevalence of frailty rises with 
increasing age; approximately 10% of community-dwelling adults older than 
65 years meet these frailty criteria and subsequently are at increased risk of 
functional decline, falling, hospitalization, and death, even a�er adjustment for 
age, socioeconomic and smoking status, and multiple common disease states.

Frailty increases the likelihood for development of in�uenza or in�uenza-
like illness in the 6 months a�er vaccination; the likelihood of requiring care 
in a skilled nursing or long-term care facility a�er hospitalization for general 
surgery; the likelihood of poor outcomes in patients with cardiovascular disease; 
poor renal transplant gra� function and early hospital readmission a�er trans-
plantation; falls, hospitalization, and mortality in patients on hemodialysis for 
chronic renal failure; and the risk of death in aging intravenous drug users. 
Biologic di�erences between frail and non-frail older adults (see Fig. 22-1) drive 
the marked vulnerability to adverse outcomes observed in the frail subjects.

Interventions should be targeted to the speci�c characteristics of a patient�s 
frailty. A10  Increasing physical exercise is the mainstay of most programs. A11 

The Care of Frail Older Patients in Clinical Settings
Focused prevention of iatrogenic injuries or recurrent hospitalizations and 
remediation of symptoms are o�en warranted for frail vulnerable older adults 
(Fig. 22-4). Physical activity, exercise interventions, and nutritional supple-
mentation can reduce disability and symptoms and improve quality of life 
across the spectrum of robust to frail older adults. A12  In addition, exercise and 
weight loss together improve function in obese and frail older adults. Other 
options include a team-based approach that engages the patient, family members, 
caregivers, health care providers, and social workers. Classic palliative care, 
with appropriate pain management, less invasive treatment plans, limited 
hospital visits, and organized home care plans, can greatly improve quality of 
life. If the patient has frequently been admi�ed to an inpatient se�ing, a program 
for all-inclusive care or a medical daycare se�ing may help prevent recurrent 
admissions and improve quality of life. Once admi�ed to the hospital, frail 
older adults may bene�t from being congregated in a unit that specializes in 
their care and can provide a�ention to their functionality, continence, sleep 
disturbances, delirium, and palliative care issues.

Falls are a common manifestation of frailty. Contributing factors include 
cardiopulmonary disease, poor eyesight, hearing loss, balance disturbances, 
weakness, movement disorders, neuropathies, poor judgment, depression, 

Acute care for the elderly for inpatients

Program of all-inclusive care for the elderly for outpatients

Palliative care approaches

Exercise and nutritional optimization

Comprehensive team-based geriatric assessment

Robust Frail

FIGURE 22�4.  Assessment and treatments in frail and vulnerable older adults. 

GENERAL REFERENCES

For the General References and other additional features, please visit Expert Consult 
at h�ps://expertconsult.inkling.com.

  Grade A References

A1.	 Bavishi C, Bangalore S, Messerli FH. Outcomes of intensive blood pressure lowering in older hyper-
tensive patients. J Am Coll Cardiol. 2017;69:486-493.

A2.	 Moonen JE, Foster-Dingley JC, de Ruijter W, et al. E�ect of discontinuation of antihypertensive 
treatment in elderly people on cognitive functioning�the DANTE study leiden: a randomized 
clinical trial. JAMA Intern Med. 2015;175:1622-1630.

A3.	 Teng M, Lin L, Zhao YJ, et al. Statins for primary prevention of cardiovascular disease in elderly 
patients: systematic review and meta-analysis. Drugs Aging. 2015;32:649-661.

A4.	 Kutner JS, Blatchford PJ, Taylor DH Jr, et al. Safety and bene�t of discontinuing statin therapy in 
the se�ing of advanced, life-limiting illness: a randomized clinical trial. JAMA Intern Med. 2015; 
175:691-700.

A5.	 McNeil JJ, Nelson MR, Woods RL, et al. E�ect of aspirin on all-cause mortality in the healthy 
elderly. N Engl J Med. 2018;379:1519-1528.

A6.	 McNeil JJ, Woods RL, Nelson MR, et al. E�ect of aspirin on disability-free survival in the healthy 
elderly. N Engl J Med. 2018;379:1499-1508.

A7.	 Howden EJ, Sarma S, Lawley JS, et al. Reversing the cardiac e�ects of sedentary aging in middle 
age�a randomized controlled trial: implications for heart failure prevention. Circulation. 2018; 
137:1549-1560.

A8.	 Cereda E, Klersy C, Serioli M, et al. A nutritional formula enriched with arginine, zinc, and anti-
oxidants for the healing of pressure ulcers: a randomized trial. Ann Intern Med. 2015;162:167-174.

A9.	 Reid IR, Horne AM, Mihov B, et al. Fracture prevention with zoledronate in older women with 
osteopenia. N Engl J Med. 2018;379:2407-2416.

A10.	 Cameron ID, Fairhall N, Langron C, et al. A multifactorial interdisciplinary intervention reduces 
frailty in older people: randomized trial. BMC Med. 2013;11:1-10.

A11.	 Gine-Garriga M, Roque-Figuls M, Coll-Planas L, et al. Physical exercise interventions for improving 
performance-based measures of physical function in community-dwelling, frail older adults: a sys-
tematic review and meta-analysis. Arch Phys Med Rehabil. 2014;95:753-769.

A12.	 Pahor M, Guralnik JM, Ambrosius WT, et al. E�ect of structured physical activity on prevention 
of major mobility disability in older adults: the LIFE study randomized clinical trial. JAMA. 
2014;311:2387-2396.

A13.	 Guirguis-Blake JM, Michael YL, Perdue LA, et al. Interventions to prevent falls in older adults: 
updated evidence report and systematic review for the US Preventive Services Task Force. JAMA. 
2018;319:1705-1716.

A14.	 Tricco AC, �omas SM, Veroniki AA, et al. Comparisons of interventions for preventing falls in 
older adults: a systematic review and meta-analysis. JAMA. 2017;318:1687-1699.



CHAPTER  22  COMMON CLINIcAL SEQUELAE OF AGING 105.e1

GENERAL REFERENCES
1.	 Ferrante LE, Pisani MA, Murphy TE, et al. Functional trajectories among older persons before and 

a�er critical illness. JAMA Intern Med. 2015;175:523-529.
2.	 Qaseem A, Wilt TJ, McLean RM, et al. Noninvasive treatments for acute, subacute, and chronic low 

back pain: a clinical practice guideline from the American College of Physicians. Ann Intern Med. 
2017;166:514-530.

3.	 Juraschek SP, Daya N, Appel LJ, et al. Orthostatic hypotension in middle-age and risk of falls. Am J 
Hypertens. 2017;30:188-195.

4.	 Odden MC, Pletcher MJ, Coxson PG, et al. Cost-e�ectiveness and population impact of statins for 
primary prevention in adults aged 75 years or older in the United States. Ann Intern Med. 2015;162: 
533-541.

5.	 Forman DE, Maurer MS, Boyd C, et al. Multimorbidity in older adults with cardiovascular disease. 
J Am Coll Cardiol. 2018;71:2149-2161.

6.	 Qaseem A, Mir TP, Starkey M, et al. Risk assessment and prevention of pressure ulcers: a clinical 
practice guideline from the American College of Physicians. Ann Intern Med. 2015;162:359-369.

7.	 Qaseem A, Humphrey LL, Forciea MA, et al. Treatment of pressure ulcers: a clinical practice guideline 
from the American College of Physicians. Ann Intern Med. 2015;162:370-379.

8.	 Buta BJ, Walston JD, Godino JG, et al. Frailty assessment instruments: systematic characterization 
of the uses and contexts of highly-cited instruments. Ageing Res Rev. 2016;26:53-61.

9.	 Gilbert T, Neuburger J, Kraindler J, et al. Development and validation of a hospital frailty risk score 
focusing on older people in acute care se�ings using electronic hospital records: an observational 
study. Lancet. 2018;391:1775-1782.

10.	 Muscedere J, Waters B, Varambally A, et al. �e impact of frailty on intensive care unit outcomes: a 
systematic review and meta-analysis. Intensive Care Med. 2017;43:1105-1122.

11.	 Seib CD, Rochefort H, Chomsky-Higgins K, et al. Association of patient frailty with increased mor-
bidity a�er common ambulatory general surgery operations. JAMA Surg. 2018;153:160-168.

12.	 Ward MAR, Alenazi A, Delisle M, et al. �e impact of frailty on acute care general surgery patients: 
a systematic review. J Trauma Acute Care Surg. 2019;86:148-154.

13.	 Abel GA, Klepin HD. Frailty and the management of hematologic malignancies. Blood. 2018; 
131:515-524.

14.	 Grossman DC, Curry SJ, Owens DK, et al. Interventions to prevent falls in community-dwelling 
older adults: US Preventive Services Task Force recommendation statement. JAMA. 2018;319: 
1696-1704.



CHAPTER  22  COMMON CLINIcAL SEQUELAE OF AGING105.e2

2.	 An 82-year-old patient presents with a chief complaint of �I just don�t have 
any energy.� He notes muscle wasting, fatigue, and functional decline during 
the past year. Extensive medical evaluation in the next month reveals no 
obvious medical conditions that explain this decline. What should you 
recommend?
	A.	 Careful medical monitoring
	B.	 Assessment of his risk for falling
	C.	 Exercise and activity regimen
	D.	 Social engagement
	E.	 All of the above

Answer: E  �is obviously frail patient is at high risk for adverse outcomes, 
social isolation, and mortality in the coming years. He warrants careful medical 
monitoring, assessment of the risk for falling, and increasing social engage-
ment. In addition, exercise has been demonstrated to be helpful in even the 
frailest older adults. Hence, all of the answers are appropriate in this patient.

REVIEW QUESTIONS
1.	 A 74-year-old man who is in robust health and who exercises frequently 

asks what supplements will keep him strong and �t. Which of the options 
has been proved e�ective in maintaining quality of life and �tness in older 
adults?
	A.	 Growth hormone
	B.	 Testosterone
	C.	 Vitamin D and calcium
	D.	 Regular exercise
	E.	 Coenzyme Q

Answer: D  Many studies have evaluated the safety and e�cacy of hormones 
and other treatments for maintenance of strength and function in older age 
groups. Although growth hormone, testosterone, and vitamin D may be helpful 
in those with diagnosed de�ciencies, there is no evidence that giving these 
agents to a relatively healthy person without signs or symptoms of such de�cits 
would be bene�cial. Regular exercise is the only listed intervention that has 
been shown to be safe and e�cacious for building strength and enhancing 
quality of life in almost any se�ing.
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23 
URINARY INCONTINENCE
NEIL M. RESNICK

 DEFINITION
Urinary incontinence is the involuntary leakage of urine su�cient to be a 
health or social problem.

 EPIDEMIOLOGY
More than twice as common in women than in men, the prevalence of incon-
tinence increases with age. Incontinence a�icts 15 to 30% of older adults 
living at home, one third of those in acute care se�ings, and half of those in 
nursing homes. Its cost in the United States exceeds $83 billion annually.

Urinary incontinence predisposes to perineal rashes, pressure ulcers, urinary 
tract infections, urosepsis, falls, and fractures, and it is associated with embar-
rassment, stigmatization, isolation, depression, anxiety, sexual dysfunction, 
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ABSTRACT
Urinary incontinence is prevalent, morbid, and costly, especially in women 
and the elderly. Although it is never normal at any age, and can be e�ectively 
treated and o�en cured, the majority of incontinent patients remains unknown 
to their physician and untreated. Among younger patients, incontinence is 
usually caused by abnormalities of the lower urinary tract: stress incontinence 
associated with urethral insu�ciency in women and urge incontinence associated 
with detrusor overactivity (�overactive bladder�) in men; although overactive 
bladder may occur with or without concurrent prostate obstruction, women 
are rarely obstructed, and men rarely have stress incontinence unless they have 
had a prior radical prostatectomy. Among older adults, detrusor overactivity is 
the most frequent cause in both sexes. At all ages, functional impairment, �uid 
intake, voiding frequency, medications, urinary tract infection, and constipa-
tion can contribute to incontinence, but these factors are especially important 
among the elderly and addressing them can o�en improve or cure incontinence 
in such individuals even in the presence of urinary tract dysfunction. For 
patients with urgency incontinence or prostate obstruction, pharmacotherapy 
can e�ectively complement lifestyle and behavioral approaches. Anticholinergic 
and beta-3 adrenergic agents are equally e�ective for urgency incontinence. An 
alpha-adrenergic antagonist can be added for men for whom prostate obstruc-
tion is suspected; a 5-alpha reductase inhibitor may be added as well, but its 
clinical bene�t is delayed for months. Pelvic muscle exercises, weight loss, and 
physical maneuvers can reduce or eliminate stress incontinence in women; if 
these fail, surgical correction is highly e�ective.



CHAPTER  23  URINARY INCONTINENCE106

urinary tract function is normal. However, normal urinary tract function is 
the exception, even in continent elderly people, and is rarely observed in 
incontinent elderly people. Moreover, incontinence is not inevitable, even 
with dementia or immobility. Among the most severely demented institu-
tionalized residents, nearly 20% are continent; among those who can transfer 
from a bed to a chair, nearly half are continent. Functionally impaired indi-
viduals also are the most likely to su�er from factors that cause transient 
incontinence, and a diagnosis of functional incontinence may result in failure 
to detect these reversible causes. Finally, if functionally impaired individuals 
also have urethral obstruction or stress incontinence, they may bene�t from 
targeted therapy. Nonetheless, functional impairment o�en contributes to 
incontinence, and addressing its causes and those of transient incontinence 
may ameliorate incontinence su�ciently to obviate the need for further 
investigation.

 CLINICAL MANIFESTATIONS
�e manifestations of transient incontinence depend on the underlying condi-
tion. For established incontinence, detrusor overactivity usually manifests as 
urge incontinence, characterized by leakage that follows the abrupt onset or 
intensi�cation of a desire to void, leakage of a moderate to large amount, 
urinary frequency (�8 voids/day), nocturia, and nocturnal incontinence. 
However, some patients with detrusor overactivity may present without the 
urge component. Stress incontinence causes leakage that coincides instantaneously 
with both the onset and cessation of a cough or other cause of increased 
abdominal pressure; nocturnal leakage is rare. Some patients report both types 
of incontinence, or mixed incontinence, but it is useful to determine which 
component is the most bothersome. In men with sphincter damage following 
radical prostatectomy, leakage resembles the intermi�ent drip of a leaky faucet. 
Occasionally, patients present with incontinence that is more di�cult to char-
acterize clinically without further testing.

 DIAGNOSIS
In addition to a targeted clinical evaluation (Table 23-2), a bladder diary can 
provide diagnostic clues and guide therapy (E-Fig. 23-1). For example, incon-
tinence occurring only between 8 �� and noon may be caused by a morning 
loop diuretic. Incontinence that occurs at night in a demented man with heart 
failure, but not during a 4-hour nap in his wheelchair, is likely due to nocturnal 
diuresis associated with his heart failure and not to dementia, impaired mobil-
ity, or prostatic obstruction. A woman with volume-dependent stress incon-
tinence may leak only on the way to void a�er a full night�s sleep, when her 
bladder contains more than 400 mL�more than it ever does during her 
continent waking hours.

into incontinence. Treatment of the arthritis, rather than the involuntary detru-
sor contractions, will not only restore continence but also lessen pain and 
improve mobility. Because of their frequency, reversibility, and association 
with morbidity beyond incontinence, the transient precipitant causes should 
be addressed �rst.

Causes of Transient Incontinence
Incontinence is transient in up to one third of community-dwelling elderly 
people and in up to half of acutely hospitalized patients. Although most tran-
sient causes are outside the lower urinary tract (Table 23-1), three points 
warrant emphasis. First, the risk for transient incontinence is increased if, in 
addition to physiologic changes of the lower urinary tract, there also are patho-
logic changes. Anticholinergic agents are more likely to cause over�ow incon-
tinence in individuals with a weak or obstructed bladder, whereas excess urine 
output is more likely to cause urge incontinence in people with detrusor 
overactivity or impaired mobility. Second, these transient causes may persist 
if le� untreated and should not be dismissed merely because incontinence is 
long-standing. �ird, identi�cation of the most common cause is of li�le value 
because causes vary among individuals, and geriatric incontinence is rarely 
due to just one cause.

Causes of Established Incontinence Related to the Lower 
Urinary Tract
Detrusor overactivity, also called involuntary bladder contraction or overactive 
bladder, generally causes urge incontinence and is the most common type of 
lower urinary tract dysfunction in incontinent elderly people, in whom it 
accounts for about two thirds of cases. Histologically, detrusor overactivity 
is associated with the complete disjunction pa�ern, with widening of the 
intercellular space, reduction of normal (intermediate) muscle cell junctions, 
and emergence of novel protrusion junctions and ultraclose abutments that 
connect cells together in chains. �ese connections may mediate a change in 
cell coupling from a mechanical to an electrical mechanism that results in 
involuntary bladder contraction. Other potential causes include ischemia, 
abnormalities in suburothelial myo�broblasts, and changes in central nervous 
system structural and functional control mechanisms.3,4

At any age, detrusor overactivity is usually idiopathic, but it can be associ-
ated with a variety of other causes that may a�ect prognosis and management. 
Such conditions include an upper motor neuron lesion (Chapters 372 and 
391), urethral obstruction, stress incontinence, bladder calculus, and bladder 
carcinoma (Chapter 187).

Detrusor overactivity exists as two subsets in elderly people: one in which 
contractile function is preserved and one in which it is impaired. �e la�er 
condition, termed detrusor hyperactivity with impaired contractility, has several 

and risk for institutionalization. Many seriously ill elderly consider it an outcome 
worse than death.1

Despite its prevalence and adverse consequences, geriatric incontinence 
remains largely neglected, by patients and physicians alike. �is neglect is 
unfortunate because its increased prevalence with age relates more to age-
associated diseases and functional impairments than to age itself. Most impor-
tant, incontinence is usually treatable and o�en curable at all ages, even in 
frail elderly people, although the approach in older patients must be broader 
than that employed in younger patients.2

 PATHOBIOLOGY
At any age, continence depends not only on the integrity of lower urinary 
tract function but also on the presence of adequate mentation, mobility, moti-
vation, and manual dexterity. Although incontinence in younger patients is 
rarely associated with de�cits in these domains, such de�cits occur commonly 
in older patients and can cause or exacerbate incontinence or in�uence thera-
peutic approaches.

With age, bladder capacity does not change, but bladder sensation and 
contractility decrease. At the cellular level, detrusor smooth muscle develops 
a �dense band pa�ern� characterized by dense sarcolemmal bands with depleted 
caveolae. �is depletion may mediate the age-related decline in bladder con-
tractility. In addition, an incomplete disjunction pa�ern characterized by scat-
tered protrusion junctions develops and may underlie the high prevalence of 
involuntary bladder contractions (detrusor overactivity) in older adults of 
both sexes. Bladder ischemia and/or in�ammation likely also contribute. 
Urethral length and sphincter strength decrease in women, whereas the prostate 
enlarges in most men and causes obstruction in about half. �e postvoid 
residual volume in the bladder also increases in both sexes but normally to 
less than 100 mL. In addition, elderly people o�en excrete most of their �uid 
intake at night, even in the absence of venous insu�ciency, renal disease, heart 
failure, or prostatism. Because this shi� in nocturnal �uid excretion is coupled 
with an age-associated increase in sleep disorders, most older adults have one 
or two episodes of nocturia per night.

None of these changes causes incontinence, but all predispose to it. �is 
predisposition, combined with the increased likelihood that an older person 
will encounter an additional pathologic, physiologic, or pharmacologic insult, 
explains the increased prevalence of incontinence with age. �us, the onset 
or exacerbation of incontinence in an older person is o�en due to precipitants 
that are outside the lower urinary tract and that are amenable to medical 
intervention. Furthermore, treatment of the precipitants alone may be su�cient 
to restore continence, even if there is coexisting urinary tract dysfunction. 
For example, a �are of hip arthritis in a woman with age-related detrusor 
overactivity may decrease mobility su�ciently to convert her urinary urgency 

TABLE 23�1	 CAUSES OF TRANSIENT INCONTINENCE: DIAPERS MNEMONIC
Delirium Result of underlying illness or medication; incontinence is secondary and abates once the cause of delirium is corrected
Infection�symptomatic UTI Acute, symptomatic UTI causes incontinence, but the far more common asymptomatic bacteriuria does not
Atrophic urethritis/vaginitis Characterized by vaginal erosions, telangiectasia, petechiae, and friability; may cause or contribute to incontinence
Pharmaceuticals Drug type:

Sedative-hypnotics (e.g., long-acting benzodiazepines; alcohol)
Anticholinergics (dicyclomine, disopyramide, sedating 

antihistamines, antipsychotics, tricyclic antidepressants, 
cyclobenzaprine, anti-Parkinson, antidepressants) (not SSRIs)

Opiates
�-Adrenergic antagonists
�-Adrenergic agonists
Calcium-channel blockers, especially the dihydropyridines
�Loop� diuretics (thiazide-like agents only rarely cause it)
NSAIDs
�iazolidinediones
Some nociceptives (gabapentin, pregabalin)
Dopamine receptor agonists (e.g., ropinirole, pramipexole)
Angiotensin-converting enzyme inhibitors
Vincristine

Potential e�ects on continence:
Sedation, delirium, decreased mobility
Urinary retention, over�ow incontinence, delirium, 

impaction; the antipsychotics also decrease mobility

Urinary retention, stool impaction, sedation, delirium
Relax sphincter; may induce stress incontinence in women
Urinary retention in men (tighten sphincter, prostate)
Nocturnal diuresis due to �uid retention
Polyuria, frequency, urgency
Nocturnal diuresis due to �uid retention
Nocturnal diuresis due to �uid retention
Nocturnal diuresis due to �uid retention; sedation; delirium
Nocturnal diuresis due to �uid retention
Drug-induced cough leads to stress incontinence in women
Urinary retention due to neuropathy

Excess urine output From large intake, diuretic agents (theophylline, ca�einated beverages, alcohol), and metabolic disorders (hyperglycemia, 
hypercalcemia); nocturnal incontinence may result from obstructive sleep apnea or mobilization of peripheral edema (heart failure, 
venous insu�ciency, side e�ects of medications)

Restricted mobility O�en results from overlooked, correctable conditions such as arthritis, pain, foot problems, postprandial hypotension, or fear of falling
Stool impaction May cause both fecal and urinary incontinence that remit with disimpaction
NSAIDs � nonsteroidal anti-in�ammatory drugs; SSRI � selective serotonin reuptake inhibitor; UTI � urinary tract infection.
Adapted from Resnick NM, Tadic SD, Yalla SV. Geriatric incontinence and voiding dysfunction. In: Wein AJ, Novick AC, Partin AW, et al, eds. Campbell-Walsh Urology, 10th ed. St. Louis: Elsevier; 2012.
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urinary tract function is normal. However, normal urinary tract function is 
the exception, even in continent elderly people, and is rarely observed in 
incontinent elderly people. Moreover, incontinence is not inevitable, even 
with dementia or immobility. Among the most severely demented institu-
tionalized residents, nearly 20% are continent; among those who can transfer 
from a bed to a chair, nearly half are continent. Functionally impaired indi-
viduals also are the most likely to su�er from factors that cause transient 
incontinence, and a diagnosis of functional incontinence may result in failure 
to detect these reversible causes. Finally, if functionally impaired individuals 
also have urethral obstruction or stress incontinence, they may bene�t from 
targeted therapy. Nonetheless, functional impairment o�en contributes to 
incontinence, and addressing its causes and those of transient incontinence 
may ameliorate incontinence su�ciently to obviate the need for further 
investigation.

 CLINICAL MANIFESTATIONS
�e manifestations of transient incontinence depend on the underlying condi-
tion. For established incontinence, detrusor overactivity usually manifests as 
urge incontinence, characterized by leakage that follows the abrupt onset or 
intensi�cation of a desire to void, leakage of a moderate to large amount, 
urinary frequency (�8 voids/day), nocturia, and nocturnal incontinence. 
However, some patients with detrusor overactivity may present without the 
urge component. Stress incontinence causes leakage that coincides instantaneously 
with both the onset and cessation of a cough or other cause of increased 
abdominal pressure; nocturnal leakage is rare. Some patients report both types 
of incontinence, or mixed incontinence, but it is useful to determine which 
component is the most bothersome. In men with sphincter damage following 
radical prostatectomy, leakage resembles the intermi�ent drip of a leaky faucet. 
Occasionally, patients present with incontinence that is more di�cult to char-
acterize clinically without further testing.

 DIAGNOSIS
In addition to a targeted clinical evaluation (Table 23-2), a bladder diary can 
provide diagnostic clues and guide therapy (E-Fig. 23-1). For example, incon-
tinence occurring only between 8 �� and noon may be caused by a morning 
loop diuretic. Incontinence that occurs at night in a demented man with heart 
failure, but not during a 4-hour nap in his wheelchair, is likely due to nocturnal 
diuresis associated with his heart failure and not to dementia, impaired mobil-
ity, or prostatic obstruction. A woman with volume-dependent stress incon-
tinence may leak only on the way to void a�er a full night�s sleep, when her 
bladder contains more than 400 mL�more than it ever does during her 
continent waking hours.

implications. First, because the bladder is weak, these patients commonly 
develop urinary retention, which may mimic that seen in patients with outlet 
obstruction and detrusor underactivity. Second, even in the absence of reten-
tion, detrusor hyperactivity with impaired contractility mimics other lower 
urinary tract causes of incontinence. For instance, if the involuntary detrusor 
contraction occurs coincident with a stress maneuver and if the weak contraction 
is not detected, detrusor hyperactivity with impaired contractility will be mis-
diagnosed as stress incontinence. Alternatively, because detrusor hyperactivity 
with impaired contractility may be associated with urinary urgency, frequency, 
weak �ow rate, elevated residual urine, and bladder trabeculation, in men it 
may mimic prostatic obstruction. �ird, anticholinergic therapy of detrusor 
hyperactivity with impaired contractility may result in urinary retention owing 
to bladder weakness, thereby requiring alternative therapeutic approaches.

Stress incontinence, which is the second most common cause of incontinence 
in older women and the dominant cause in middle-aged women, usually re�ects 
urethral hypermobility plus some degree of sphincter weakness. Stress incon-
tinence is rare in men but can result from sphincter damage following radical 
but not transurethral prostatectomy.

Urethral obstruction is the second most common cause of established incon-
tinence in older men, although most obstructed men are not incontinent. 
When obstruction is associated with incontinence, it usually presents as urge 
incontinence owing to the associated detrusor overactivity; over�ow incon-
tinence is uncommon. Outlet obstruction is rare in women but may result 
from a bladder neck suspension or from urethral kinking associated with a 
large cystocele.

Detrusor underactivity is usually idiopathic. When it causes incontinence, 
it is associated with over�ow incontinence (�10% of incontinence).

Damage to lower urinary tract innervation can cause several types of dys-
function. A brain lesion may cause detrusor overactivity. A spinal cord lesion 
(Chapters 180 and 372) above the sacral level can cause both detrusor over-
activity and detrusor-sphincter dyssynergia, a condition in which the sphincter 
contracts rather than relaxes during detrusor contraction; the result can be 
severe outlet obstruction and hydronephrosis. A spinal cord lesion below the 
sacral level can cause detrusor underactivity, sphincter weakness, or both. 
Peripheral and autonomic nerve damage can cause still additional problems. 
Because neurogenic bladder is such a nonspeci�c term, it is preferable to refer 
to the speci�c dysfunction that it causes.

Causes of Incontinence Unrelated to the Lower Urinary 
Tract (Functional Incontinence)
�Functional� incontinence, which is o�en cited as a distinct type of geriatric 
incontinence and a�ributed to de�cits of cognition and mobility, implies that 

Adapted from Resnick NM, Yalla SV. Management of urinary incontinence in the elderly. N Engl J Med. 1985;313:800-805.

TABLE 23�2	 CLINICAL EVALUATION OF THE INCONTINENT PATIENT
HISTORY
Type (urge, stress, over�ow, or mixed)
Incontinence frequency, severity, duration
Pa�ern (diurnal, nocturnal, or both; also, e.g., a�er taking medications)
Associated symptoms (straining to void, incomplete emptying, dysuria, hematuria, suprapubic/perineal discomfort or numbness)
Alteration in bowel habit/sexual function (because of proximity to the bladder and shared innervation)
Other relevant factors (cancer, acute illness, neurologic disease, pelvic or lower urinary tract surgery/radiation therapy)
Medications, including nonprescription agents (see Table 23-1)
Brief assessment of cognitive and physical function
PHYSICAL EXAMINATION
Identify other relevant medical conditions (e.g., congestive heart failure, peripheral edema)
If stress incontinence suspected, determine whether leakage coincides with the onset and cessation of a single, forceful cough
Palpate for bladder distention a�er voiding
Pelvic examination to detect atrophic vaginitis, mass, pelvic muscle laxity, or prolapse (if beyond the vagina, there is increased risk for urinary retention)
Rectal examination for skin irritation, resting tone and voluntary control of anal sphincter, prostate nodule; fecal impaction (note: prostate size correlates poorly with presence of 

urethral obstruction)
Neurologic examination, especially mental status and elemental examination, including sacral re�exes and perineal sensation
INITIAL INVESTIGATION
Bladder diary (see E-Fig. 23-1)
Metabolic survey (electrolytes, calcium, glucose, and urea nitrogen as appropriate)
Measure postvoid residual volume, by portable ultrasound if available
Urinalysis to detect sterile hematuria or infection; culture if new-onset or worsening incontinence
Renal ultrasound to detect hydronephrosis in men whose postvoid residual volume urine exceeds about 200 mL
Urine cytology for patients with hematuria, pain, or unexplained new-onset or worsening incontinence
Uro�owmetry for men in whom urethral obstruction is suspected
Cystoscopy for patients with hematuria, suspicion of lower urinary tract pathology (e.g., bladder �stula, stone, or tumor; urethral diverticulum), or need for lower urinary tract 

surgery
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 4/5 3:40 pm 240 Wet Slight
  6:05 pm 210 Dry 
  8:15 pm 150 Dry  Running water
  10:20 pm 150 Wet 15 mL Bowel movement

      
 4/6 3:15 am 270 Wet Slight
  6:05 am 300 Wet Slight
  7:40 am 200 Dry
  9:50 am ? Dry
  11:20 am 200 Dry
  12:50 pm 180 Dry
  1:40 pm 240 Dry
  3:35 pm 160 Dry
  6:00 pm 170 Dry
  8:20 pm 215 Wet Slight Running water
  10:25 pm 130 Dry

  10:30 pm 30 Dry

E�FIGURE 23�1.  Sample bladder diary. Bladder diary of an incontinent 75-year-old man. Urodynamic evaluation excluded urethral obstruction and con�rmed a diagnosis of detrusor 
hyperactivity with impaired contractility (detrusor hyperactivity with impaired contractility). Note the 24-hour urine output of nearly 3 liters due to the belief that drinking 10 glasses 
of �uid per day was �good for my health.� (He did not mention this until queried about the voiding record.) Given the typical voided volume of 150 to 250 mL and a measured postvoid 
residual of 150 mL, excess �uid intake was overwhelming his usual bladder capacity of 400 mL (150 � 250 mL). Although involuntary bladder contractions were present, the easily 
reversible volume component of the problem, combined with the risk for precipitating urinary retention with an anticholinergic agent, prompted treatment with volume restriction 
alone. After daily urinary output dropped to 1500 mL, frequency abated, and incontinence resolved. (Adapted from DuBeau CE, Resnick NM. Evaluation of the causes and severity of 
geriatric incontinence: a critical appraisal. Urol Clin North Am. 1991;18:243-256.)
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REVIEW QUESTIONS
1.	 Which of the following is true about acute urinary retention in an older 

man?
	A.	 Indicates the need for surgical decompression
	B.	 Is treated e�ectively with �-adrenergic blockers
	C.	 Is treated e�ectively with bethanechol
	D.	 Requires treatment of the underlying urinary tract abnormality
	E.	 None of the above

Answer: E  �e di�erential diagnosis for urinary retention extends beyond 
urethral obstruction, particularly in elderly people. Many older patients may 
develop retention owing to a weak detrusor associated with age, autonomic 
neuropathy, or previous urethral obstruction. In addition, fecal impaction, 
pain (e.g., following hip replacement), and medications with urinary tract side 
e�ects (e.g., anticholinergics, sedating antihistamines, decongestants, opiates) 
may induce acute urinary retention, particularly in patients with underlying 
bladder weakness or obstruction. �us, the bladder should be decompressed 
for at least a week while reversible causes are addressed; the larger the postvoid 
residual volume, the longer the decompression should be. Decompression 
allows some restoration of detrusor strength, which also facilitates urodynamic 
testing should it be necessary. �-Adrenergic blockers are e�ective for men 
with symptoms of prostatism, but clinical trials of its e�cacy have excluded 
patients with signi�cant urinary retention. Bethanechol has not proved e�ec-
tive in controlled clinical trials. Decompression in some elderly patients can 
reduce but not eliminate residual urine. Provided it does not cause symptoms 
or renal compromise, subclinical retention need not necessarily be treated in 
all elderly patients, even if obstruction is present.

2.	 A 58-year-old obese woman with signi�cant daily stress incontinence comes 
for a follow-up appointment. Her bladder diary shows maximal voided 
volume of 125 mL during the daytime. Each of these measures is appropri-
ate except which of the following?
	A.	 Adjustment of �uid excretion and voiding intervals
	B.	 Advise weight reduction
	C.	 Teach her postural maneuvers
	D.	 Consideration of surgical correction
	E.	 Pelvic �oor muscle exercises

Answer: A  Recent evidence suggests that weight loss will improve stress 
incontinence in obese women, and data support the use of postural maneuvers, 
pelvic �oor muscle exercises, and surgical correction as well. Adjusting �uid 
excretion and voiding intervals can also be useful, especially for women with 
volume-dependent stress leakage. It can work particularly well for women 
with a threshold of at least 150 mL and best in those with a threshold of more 
than 250 mL. When the threshold for stress incontinence is this low, however, 
the extent of �uid restriction required is usually not feasible and might even 
lead to dangerous dehydration.

3.	 A 78-year-old woman with dementia has responded modestly to donepezil 
(Aricept, a cholinesterase inhibitor) for the past year. �e recent onset of 
urge incontinence led her primary physician to prescribe tolterodine last 
month while awaiting your assessment. Her incontinence has responded 
well. �e next appropriate step is which of the following?
	A.	 Discontinue tolterodine because of its interaction with donepezil.
	B.	 Discontinue donepezil because her cognitive function is stable.
	C.	 Discontinue both drugs because she is stable and the urge incontinence 

may re�ect an adverse e�ect of the donepezil.
	D.	 Continue both drugs and monitor her for deterioration in cognitive 

function.
	E.	 Taper the tolterodine.

Answer: D  Because cholinesterase inhibitors block the metabolism of ace-
tylcholine, they can provoke urge incontinence, especially in older adults who 
already may have underlying age-related involuntary detrusor contractions 
that have not yet caused incontinence. However, despite prescription of these 
agents to millions of demented patients, there is li�le evidence that they cause 
incontinence. Moreover, because the bene�ts of these drugs for dementia are 
modest at best and not seen in most patients who use them, patients and 
families may decide that the bene�t of the bladder relaxant outweighs the 
risk. Particularly in this patient, who has already bene�ted from tolterodine 
without notable cognitive deterioration, it is worth continuing therapy and 
monitoring her cognitive status.

4.	 A 53-year-old woman says that she has frequent leakage. It most commonly 
occurs about 10 seconds a�er she coughs or laughs. Having su�ered for 
years, she is interested in the approach with the best chance of success.
	A.	 Pelvic muscle strengthening exercises (�Kegels�)
	B.	 An �-adrenergic agonist (e.g., pseudoephedrine)
	C.	 A pessary
	D.	 Urethral suspension surgery
	E.	 A bladder relaxant drug

Answer: E  Most stress incontinence results from weakness of intrinsic sphincter 
muscle or pelvic muscle support. In all such cases, however, leakage coincides 
instantaneously with the increase in abdominal pressure and ceases as soon 
as the cough ends. In this case, however, there is a delay between the cough 
and leakage. �is �nding suggests that the cough has triggered an involuntary 
detrusor contraction, which then leads to leakage. �erapy should focus on 
reducing or eliminating the precipitant of coughing (e.g., bronchospasm, use 
of an angiotensin-converting enzyme inhibitor) or the underlying detrusor 
overactivity.

5.	 Which of the following is true of incontinence in demented elderly patients?
	A.	 Is inevitable
	B.	 Is virtually always due to detrusor overactivity/overactive bladder
	C.	 Is unlikely to respond to therapy
	D.	 Is multifactorial and o�en reversible
	E.	 Treatment should focus primarily on preventing skin breakdown

Answer: D  Incontinence is never normal, even in patients with dementia. 
Detrusor overactivity is the most common type of lower urinary tract dysfunc-
tion among demented and incontinent nursing home residents, but it is also 
the most common dysfunction among their dry peers. Moreover, in 40% of 
these individuals, incontinence is not associated with detrusor overactivity 
but with obstruction (in men), stress incontinence (in women), or a combi-
nation of an outlet and a detrusor problem, and the cause does not correlate 
with either the presence or severity of dementia. �us, it is not tenable to 
a�ribute incontinence a priori to detrusor overactivity. Because incontinence 
in elderly people is usually multifactorial, involving urinary tract as well as 
non�urinary tract contributions, it is o�en treatable. Even among nursing 
home patients, randomized studies of just a toileting regimen have shown 
more than a 50% reduction in incontinent episodes overall and full daytime 
continence in nearly 40% of residents. Because causes of transient incontinence 
are particularly common in demented individuals, additional bene�t can be 
achieved by addressing other common contributors to their incontinence, 
including medication use, depression, fecal impaction, urinary tract infection, 
atrophic vaginitis, and disorders of �uid excretion. For those with detrusor 
overactivity, a bladder relaxant may provide additional help; for those with 
urethral obstruction or incompetence, minimally invasive procedures can 
be helpful. It is also important to prevent skin breakdown, but such treat-
ment should not be the primary approach to the incontinent nursing home  
resident.





CHAPTER  24  NEUROPSYCHIATRIC ASPECTS OF AGInG 109.e3

KEYWORDS
aging
neuropsychiatric disorders
dementia
cognitive assessment
mental status testing
functional assessment
drug therapy

ABSTRACT
�e process of aging produces important physiologic changes in the central 
nervous system, including neuroanatomic, neurotransmission, and neurophysi-
ologic changes. �ese changes are expressed as symptoms to a varying degree 
in older individuals. neuropsychiatric disorders (e.g., cognitive impairment, 
dementia, depression, and anxiety) are not part of the normal aging process 
but nevertheless increase with age. Severe neuropsychiatric conditions have 
been estimated to occur in 15 to 25% of older adults worldwide. �is chapter 
reviews the mental status examination, the assessment of functional capacity, 
and the approach to the use of psychoactive drugs in geriatric patients. �e 
mental status examination should include screening assessments for mood, 
a�ect, and cognition. Functional assessment includes an evaluation of the 
patient�s ability to perform self-care and necessary activities to remain func-
tional in the home and community environment. Approximately one in 10 
hospitalizations is complicated by a serious adverse drug reaction in older 
adults (50% of these in patients receive inappropriate drugs), so physicians 
should always consider whether nonpharmacologic approaches may be used 
as alternatives to medications in older persons. If not possible, physicians 
should choose drugs with the least toxic medication, at the lowest appropriate 
dosage. Medication regimens should be reevaluated regularly because drug 
metabolism can change with age and disease.
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including an assessment of mood, a�ect, and cognition. Brief screening tests 
are available to evaluate these domains and to assist in the detection of potential 
problems requiring further evaluation and treatment (Chapter 21). Scores of 
6 or more on the 15-item short-form Geriatric Depression Scale (Table 24-3) 
indicate substantial depressive symptoms requiring further evaluation. For 
cognitively impaired patients, observer (proxy)�rated depression scales, such 
as the Hamilton Depression Scale or Cornell Scale, are recommended.

Early cognitive de�cits can easily be missed during conversation because 
intellectual impairment can be masked with intact social skills. Given the high 
frequency of cognitive impairment, formal cognitive screening is reasonable 
but not required for all older persons. Ideally, cognitive testing should evalu-
ate at least the general domains of a�ention, orientation, language, memory, 
visuospatial ability, and conceptualization. To exclude delirium, a�ention should 
be assessed �rst by asking the patient to perform a task, such as repeating 
digits (normal span: more than �ve forward or more than three backward) 
or reciting the months backward (allow one error maximum); the remainder 
of cognitive testing would not be useful in an ina�entive or delirious patient. 
For further cognitive testing, many brief, practical screening instruments are 
available. Historically, the most widely used instrument has been the Mini-
Mental State Examination, a 19-item, 30-point scale that can be completed 
in 10 minutes. �is copyrighted instrument now requires a per-use fee if the 
o�cial version is used. Useful, brief alternative instruments include the Short 
Portable Mental Status Questionnaire (Table 24-4) and the Mini-Cog test 
(Table 24-5), both of which can be completed in less than 5 minutes. More 
detailed testing can be conducted with the Montreal Cognitive Assessment 
(Fig. 24-1), which requires 15 to 20 minutes; scores less than 26 indicate 
cognitive impairment. Questions to evaluate judgment and problem-solving 
ability in hypothetical situations, such as in a �re or when driving, can provide 
crucial insight into the patient�s ability to function safely and independently. 
If dementia is suspected, further evaluation is required (Chapter 374).

Functional Assessment
Functional impairment, de�ned as di�culty in performing daily activities, is 
common among older persons. Although it is not routinely evaluated in the 
standard medical assessment, determination of the patient�s degree of func-
tional incapacity based on medical and neuropsychiatric conditions is crucial 
to diagnosis of mild cognitive impairment and dementia as well as to under-
standing of the burden of the disease and its impact on the individual�s daily 
life. �e important relationship between functional status and health in older 
persons is re�ected by the �nding that functional measures are stronger pre-
dictors of mortality a�er hospitalization than are admi�ing diagnoses. Func-
tional measures strongly predict other important long-term outcomes in the 
elderly, such as future care needs, caregiver burden, risk for institutionalization, 
and long-term prognosis. Functional independence is critical if patients are 

lifestyle, genetic predisposition, disability, disease, and side e�ects of drugs.1 
�ese changes can result in the common age-related symptoms of benign 
senescence, slowed reaction time, postural hypotension, vertigo or giddiness, 
presbyopia, presbycusis, sti�ened gait, and sleep di�culties. In the absence 
of disease, these physiologic changes usually result in relatively modest symp-
toms and li�le restriction in activities of daily living. �ese changes decrease 
physiologic reserve, however, and increase the susceptibility to challenges 
posed by disease-related, pharmacologic, and environmental stressors. As a 
result, mild (relative risk, 1.2) and moderate (relative risk, 1.4) cognitive 
impairment are associated with increased mortality.

 EPIDEMIOLOGY
Neuropsychiatric disorders, the leading cause of disability in older persons, 
account for nearly 50% of functional incapacity. Severe neuropsychiatric con-
ditions have been estimated to occur in 15 to 25% of older adults worldwide. 
�ese conditions are related to diseases that increase with age, such as visual 
and hearing impairment,2 but are not themselves part of the normal aging 
process. Alzheimer disease and related dementias occur in approximately 10% 
of adults aged 65 years and older and in more than 30% of those older than 
85 years (Chapter 374).3 Preclinical cognitive impairment predictive of 
Alzheimer disease may manifest as reduced scores on cognitive testing up to 
at least 18 years before Alzheimer disease is diagnosed.

Risk factors include the APOE �4 allele, current depressive symptoms, midlife 
onset of hypertension, increasing number of vascular diseases, and chronic 
conditions. �e risk is reduced for elderly who participate in social activities.4 
Delirium occurs in 5 to 10% of all persons older than 65 years and in up to 
80% of older persons during hospitalizations for acute illnesses (Chapter 25).

Severe depression (Chapter 369) occurs in approximately 5% of older adults, 
with 15% having signi�cant depressive symptoms. Anxiety disorders occur 
in 10% of older adults. Older individuals are also subject to substantial mor-
bidity and functional disability from cerebrovascular disease (Chapters 378 
through 380), Parkinson disease (Chapter 381), peripheral neuropathies 
(Chapter 392), degenerative myelopathies (Chapters 372 and 394), spinal 
stenosis and disc disease (Chapter 372), seizure disorders (Chapter 375), 
sleep apnea (Chapter 377), visual disturbances (Chapter 395), falls (Chapter 
22), incontinence (Chapter 23), and impotence (Chapter 221).

 DIAGNOSIS
To diagnose these neuropsychiatric conditions, physicians must understand 
and perform a mental status examination and an assessment of functional 
capacity and know the uses and side e�ects of psychoactive drugs in geriatric 
patients. Changes in social functioning o�en are an early indication of cogni-
tive loss.5

Mental Status Examination
In addition to a detailed neurologic examination, evaluation of neuropsychiatric 
disturbances in older persons requires a careful mental status examination, 

TABLE 24�2	 NEUROPSYCHIATRIC MANIFESTATIONS OF 
AGE�RELATED PHYSIOLOGIC CHANGES

SYSTEM MANIFESTATION
Cognition Forgetfulness

Processing speed declines throughout adult life
Neuropsychological declines: selective a�ention, verbal 

�uency, retrieval, complex visual perception, logical analysis
Re�exes Stretch re�exes lose sensitivity

Decreased or absent ankle re�exes
Decreased autonomic and righting re�exes, postural instability

Sensory Presbycusis (high-frequency hearing loss), tinnitus
Deterioration of vestibular system, vertigo
Presbyopia (decreased lens elasticity)
Slowed pupil reactivity, decreased upgaze
Olfactory system deterioration
Decreased vibratory sensation

Gait and balance Gait sti�er, slowed, forward �exed
Increased body sway and mild unsteadiness

Sleep Decreased sleep e�ciency, fatigue
Increased awakenings, insomnia
Decrease in sleep stages 3 and 4
Sleep duration more variable, more naps

TABLE 24�3	 GERIATRIC DEPRESSION SCALE�SHORT FORM
1.	 Are you basically satis�ed with your life? yes/NO
2.	 Have you dropped many of your activities and interests? YES/no
3.	 Do you feel that your life is empty? YES/no
4.	 Do you o�en get bored? YES/no
5.	 Are you in good spirits most of the time? yes/NO
6.	 Are you afraid that something bad is going to happen to you? YES/no
7.	 Do you feel happy most of the time? yes/NO
8.	 Do you feel helpless? YES/no
9.	 Do you prefer to stay home rather than going out and doing new 

things?
YES/no

10.	 Do you feel you have more problems with memory than most? YES/no
11.	 Do you think it is wonderful to be alive now? yes/NO
12.	 Do you feel pre�y worthless the way you are now? YES/no
13.	 Do you feel full of energy? yes/NO
14.	 Do you feel that your situation is hopeless? YES/no
15.	 Do you think that most people are be�er o� than you are? YES/no
Scoring: Answers indicating depression are capitalized; six or more capitalized answers indicate 
depressive symptoms.
Modi�ed with permission from Yesavage J, Brink T, Rowe T, et al. Development and validation of a 
geriatric depression screening scale: a preliminary report. J Psychiatr Res. 1983;17:37-49.

TREATMENT 
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TABLE 24�5	 MINI�COG TEST
1.	 Instruct the patient to listen carefully to and remember three unrelated words and 

then to repeat the words: banana, sunrise, chair.
2.	 Instruct the patient to draw the face of a clock, either on a blank sheet of paper or 

on a sheet with a large circle already drawn on the page. A�er the patient puts the 
numbers on the clock face, ask him or her to draw the hands of the clock to read a 
speci�c time, such as 11 : 10. �ese instructions can be repeated, but no additional 
instructions should be given. Allow up to 3 minutes to complete the clock 
drawing.

3.	 Ask the patient to repeat the three previously presented words.
4.	 Give 1 point for each correct word and 2 points for a correctly drawn clock. 

Scores �3 suggest cognitive impairment.
Modi�ed from Borson S, Scanlan J, Watanabe J, et al. Improving identi�cation of cognitive 
impairment in primary care. Int J Geriatr Psychiatry. 2006;21:349-355. Reprinted by permission of 
the copyright holder (S. Borson).

FIGURE 24�1.  Montreal Cognitive Assessment. (Reproduced with permission from 
Nasreddine ZS, Phillips NA, Bedirian V, et al. The Montreal Cognitive Assessment, MoCA: 
A brief screening tool for mild cognitive impairment. J Am Geriatr Soc. 2005;53:695-699.)

TABLE 24�4	 SHORT PORTABLE MENTAL STATUS 
QUESTIONNAIRE

QUESTION RESPONSE ERROR?
What are the date, month, and year?* Date Month Year
What is the day of the week?
What is the name of this place?
What is your phone number?
How old are you?
When were you born?
Who is the current president?
Who was the president before him?
What was your mother�s maiden name?
Can you count backward from 20 by 3s?
*A mistake on any part of this question should be scored as an error.
Total possible errors: 10; more than three errors indicate cognitive impairment.
From Pfei�er E. A short portable mental status questionnaire for the assessment of organic brain 
de�cit in elderly patients. J Am Geriatr Soc. 1975;23:433-441. Copyright ' E. Pfei�er 1994. 
Reproduced with permission of the author.

to remain living independently in the community, and functional decline 
represents the leading risk factor for nursing home placement.

�e functional assessment should evaluate the patient�s ability to perform 
basic self-care activities of daily living and instrumental activities of daily 
living, the higher-level activities needed for independent living. Activities of 
daily living include basic self-care skills, such as feeding, grooming, bathing, 
dressing, toileting, transferring, and walking. Instrumental activities of daily 
living are more complex tasks, including shopping, preparing meals, managing 
�nances, housekeeping, using the telephone, taking medications, and driving 
or using public transportation. �e functional assessment is conducted with 
the patient, with corroboration from a family member or caregiver. Other 
related domains that should be assessed include vision, hearing, continence, 
nutritional status, safety, falls, living situation, availability of social support, 
and socioeconomic status.

�e onset of acute cognitive or functional decline is o�en the �rst and 
sometimes the only sign of serious acute illness in older persons and warrants 
immediate medical a�ention. Similarly, the onset or worsening of related 
conditions, such as delirium, falls, incontinence, depression, frailty, or failure 
to thrive, heralds the need for prompt medical evaluation.

Psychoactive E�ects of Drugs in Older Patients
Adverse Drug Events in the Elderly

Iatrogenic complications occur in 30 to 40% of older hospitalized patients, 
with a 3- to 5-fold increased risk in older compared with younger patients. 
Adverse drug events, the most common type of iatrogenic complication, account 
for 20 to 40% of all complications, and at least 25% of these are preventable. 
The elderly are particularly vulnerable to adverse drug reactions, which occur 
in approximately 10% of hospitalizations for older adults because of 
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multiple-drug regimens,6 multiple chronic diseases, relative renal and hepatic 
insu�ciency, decreased physiologic reserve, and altered drug metabolism and 
receptor sensitivity with aging. Inappropriate drug use has been reported in 
up to 40% of older patients who are hospitalized, with more than one quarter 
of these patients having absolute contraindications to the drug and the others 
being given a drug that was unnecessary. Among an estimated 100,000 annual 
drug-related emergency hospitalizations in patients older than 65 years, the 
most commonly implicated drugs are warfarin (33%), insulin (14%), oral anti-
platelet agents (13%), and oral hypoglycemic agents (11%). Because up to 50% 
of adverse drug events occur in patients receiving inappropriate drugs, the 
potential for reducing these adverse events is substantial.

Drugs with Psychoactive E�ects
Nearly every class of drug has the potential to cause mental status changes 

in a vulnerable patient, but speci�c drugs are commonly implicated (Table 
24-6) and should be used with caution in older patients. Many cases of delirium 
or cognitive decline in older patients may be preventable through avoidance, 
substitution, or dose reduction of these psychoactive drugs. Long-acting ben-
zodiazepines (e.g., diazepam, clonazepam, chlordiazepoxide) are particularly 
problematic medications for the elderly7 and should not be used to treat insom-
nia. If nonpharmacologic approaches to the management of insomnia are 
unsuccessful, short-term use of an intermediate-acting benzodiazepine without 
active metabolites (e.g., lorazepam 0.5 mg, half-life of 10 to 15 hours) is recom-
mended. Drugs with anticholinergic e�ects (e.g., antihistamines, antidepressants, 
neuroleptics, antispasmodics) produce a panoply of poorly tolerated side e�ects 
in older patients, including delirium, postural hypotension, urinary retention, 
constipation, and dry mouth. Of the narcotics, meperidine causes delirium 
more frequently than other agents because of an active metabolite, norme-
peridine. Cardiac drugs, such as digitalis and antiarrhythmic agents, have pro-
longed half-lives, narrowed therapeutic windows, and decreased protein binding 
in older patients. The clinician should be aware that toxicity with these agents 
(e.g., digoxin) can occur even at therapeutic drug levels. The H2-receptor antago-
nists (e.g., cimetidine, ranitidine, famotidine, nizatidine) are common causes 
of drug-induced delirium in the elderly because of their frequent use; clinicians 
should strongly consider the use of less toxic alternatives (e.g., sucralfate, 
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TABLE 24�6	 DRUGS WITH PSYCHOACTIVE EFFECTS
Sedative-hypnotics

Benzodiazepines (especially �urazepam, diazepam)
Barbiturates
Sleeping medications (chloral hydrate)

Narcotics (especially meperidine)
Anticholinergics

Antihistamines (diphenhydramine, hydroxyzine)
Antispasmodics (belladonna, Lomotil)
Heterocyclic antidepressants (amitriptyline, imipramine, doxepin)
Neuroleptics (chlorpromazine, haloperidol, thioridazine)
Antiparkinson drugs (benztropine, trihexyphenidyl)
Atropine, scopolamine

Cardiac drugs
Digitalis glycosides
Antiarrhythmics (quinidine, procainamide, lidocaine)
Antihypertensives (�-blockers, methyldopa)

Gastrointestinal drugs
H2-receptor antagonists (cimetidine, ranitidine, famotidine, nizatidine)
Proton pump inhibitors (esomeprazole, lansoprazole, omeprazole, pantoprazole)
Metoclopramide (Reglan)

Miscellaneous drugs
Nonsteroidal anti-in�ammatory drugs
Corticosteroids
Anticonvulsants
Levodopa
Lithium

Over-the-counter drugs
Cold and sinus preparations (antihistamines, pseudoephedrine)
Sleep aids (diphenhydramine, alcohol-containing elixirs)
Stay Awake (ca�eine)
Nausea, gastrointestinal relief (Donnagel, meclizine, H2-receptor antagonists, 

loperamide)

TABLE 24�7	 GUIDELINES FOR DRUG THERAPY IN  
THE ELDERLY

GENE�L PRINCIPLES
Remember that the elderly are highly sensitive to the psychoactive e�ects of all 

drugs.
Know the pharmacology of the drugs you prescribe. Know a few drugs well.
RECOMMENDED APPROACH
Use nonpharmacologic approaches whenever possible.
Avoid routine use of �as needed� drugs for sleep, anxiety, pain.
Choose the drug with the least toxic potential.
Substitute less toxic alternatives whenever possible (antacid or sucralfate for an 

H2-blocker or proton pump inhibitors, psyllium with bismuth subsalicylate for 
loperamide or diphenoxylate/atropine, scheduled acetaminophen regimen for 
pain management).

Reduce the dosage.
�Start low and go slow.�

Start with 25 to 50% of the standard dose of psychoactive drugs in the elderly.
Titrate the drug slowly.
Set realistic end points: titrate to improvement, not elimination of symptoms.

Keep the regimen simple.
Regularly reassess the medication list. Have the patient bring in all bo�les and review 

what is being taken.
Reevaluate long-time drug use because the patient is changing.
Review over-the-counter medications, including herbal remedies.

antacids) or dosage reductions for older patients, especially when the medica-
tion is being used for prophylaxis rather than treatment of active disease. Proton 
pump inhibitors have been associated with delirium but have less neuropsy-
chiatric toxicity than H2-receptor antagonists.

Psychoactive drugs account for nearly 50% of preventable adverse drug 
events, often in patients who have been prescribed three or more psychoactive 
drugs, frequently at inappropriately high doses in the elderly. Delirium and 
cognitive impairment are the most frequent adverse outcomes of psychoactive 
drugs. The use of any psychoactive drug is associated with a 4-fold increased 
risk of delirium or cognitive decline, but the outcomes of these conditions 
depend on the type or class of drug administered and the total number of 
drugs received. Sedative-hypnotic drugs are associated with a 3- to 12-fold 
increased risk for delirium or cognitive decline, narcotics are associated with a 
2- to 3-fold increased risk, and anticholinergic drugs are associated with a 5- to 
12-fold increased risk. Each drug carries its own individual risk for adverse 
outcomes, and when multiple drugs are used, the overall risk is compounded 
by the heightened potential for drug-drug and drug-disease interactions. If 
more than three drugs are added in a 24-hour period, the risk of delirium 
increases 4-fold. Similarly, the risk of cognitive decline increases directly with 
the number of drugs prescribed, from a 3-fold increased risk with two or three 
drugs to a 14-fold increased risk with six or more drugs.

Principles of Drug Therapy in the Elderly
Physicians always should consider whether nonpharmacologic approaches 

(Chapter 34) may be used as alternatives to medications in older persons. 
Relaxation techniques, massage, and music are highly e�ective for the treat-
ment of insomnia and anxiety; localized pain can often be managed e�ectively 
with local measures such as injection, heat, ultrasound, and transcutaneous 
electrical stimulation.

When drug therapy is required in the elderly, physicians should choose the 
drug with the least toxic potential and emphasize drugs that have been well 
tested in older populations (Table 24-7). It is often wise to start with 25 to 50% 
of the standard adult dosage for a psychoactive drug and to increase the dose 
slowly. Drug regimens should be kept simple, with the fewest drugs and the 
fewest number of pills possible. For example, because low daytime systolic 
blood pressure is independently associated with a greater progression of cogni-
tive decline, care should be taken not to overtreat hypertensive elderly patients. 
Ambulatory blood pressure monitoring may be useful to help avoid such over-
treatment (Chapter 70).8 Most important, the medication list should be reas-
sessed frequently. Involving a clinical pharmacist in the care team can signi�cantly 

improve health care outcomes. A1  Systematic interventions involving geriatricians, 
clinical pharmacists, and computer-based monitoring systems also can signi�-
cantly reduce the frequency of adverse drug reactions in older persons. A2 

,
 A3 

For persons with dementia or cognitive impairment, the following classes 
of drugs should be avoided or discontinued if possible: anticholinergic drugs, 
benzodiazepines, H2-receptor antagonists, meperidine, sedative-hypnotics, and 
antipsychotic medications (unless they are being used to treat active psychotic 
or delusional features). Even long-standing medications should be reevaluated 
as the patient changes with age and illness. Long-term use does not justify 
continued use. The physician should review with the patient all prescribed and 
over-the-counter medications on a regular basis, preferably by having the patient 
bring in all medication bottles and indicate how each is being taken. Patients 
frequently underestimate the toxic potential of over-the-counter medications 
and herbal remedies, and they may be using a variety of such agents that 
could potentiate the side e�ects or directly counteract the desired e�ects of 
prescription medications (Chapter 26). For example, high-risk over-the-counter 
medications for older persons include nonsteroidal anti-in�ammatory agents, 
H2-blockers, and antihistamines. In addition, herbal remedies may interact with 
warfarin either to increase or to decrease its e�ect (St. John�s wort decreases 
the e�ect and makes anticoagulation more di�cult; gingko biloba increases 
the e�ect and may cause bleeding); others (such as kava kava, echinacea, and 
Chinese herbal preparations) have been associated with the risk of hepatotoxicity. 
Even in elderly men with low testosterone levels, testosterone supplementation 
does not improve cognitive function. A4 
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Answer: E  �is patient demonstrates symptoms of a major depressive disorder, 
including anhedonia, loss of interest in his usual activities, excessive sleep, 
loss of appetite, and weight loss. His cognitive screening test reveals cognitive 
�dilapidation� with poor e�ort, sometimes called a pseudodementia. His 
depression screening reveals marked depressive symptoms. In older persons, 
somatic symptoms are o�en more prominent than mood complaints. �is 
patient should be referred for immediate geropsychiatric evaluation and man-
agement. Precipitants are not always present, but bereavement and acute or 
chronic medical conditions can contribute. �ere is no evidence of Parkinson 
disease, and the patient does not meet criteria for mild cognitive impairment 
or dementia.

4.	 Older persons are at least three times more likely than younger persons to 
experience an adverse drug reaction. All of the following contribute to this 
propensity except which one?
	A.	 Greater number of drugs
	B.	 Multiple chronic conditions
	C.	 Decreased glomerular �ltration rate
	D.	 Decreased hepatic function
	E.	 Increased physiologic reserve

Answer: E  Because of a greater number of drugs and chronic conditions, the 
elderly are at increased risk of drug-drug and drug-disease interactions. In 
addition, renal and hepatic functioning are relatively decreased, as is physi-
ologic reserve capacity. Drug receptor sensitivity can be either increased or 
decreased, depending on the drug and receptor regulation.

5.	 An 86-year-old widowed woman living alone with peripheral vascular 
disease, lower extremity amputation, hypertension, and old stroke without 
residua is brought in by her neighbor for increasing forgetfulness during 
the past year. Your examination reveals a cheerful, interactive, and well-
groomed woman with normal �ndings on neurologic examination. She 
has �ve errors on the Short Portable Mental Status Questionnaire. What 
is the most appropriate next step in her evaluation?
	A.	 Obtain brain imaging and lumbar puncture
	B.	 Assess her activities of daily living and level of independence
	C.	 Initiate treatment with an acetylcholinesterase inhibitor
	D.	 Initiate treatment with an antidepressant
	E.	 Refer her for nursing home placement

Answer: B  Assessment of activities of daily living (both basic and instru-
mental) is key to the diagnosis of dementia, and information must o�en be 
obtained from a reliable informant. �is is the important next step in the 
evaluation. Dementia can be diagnosed only in the presence of a functional 
impairment. A�er this assessment is complete, further evaluation can include 
laboratory work, neuroimaging, and other testing as required. Her ability to 
live independently must also be assessed, and social work involvement is rec-
ommended a�er a diagnosis is established.

REVIEW QUESTIONS
1.	 An 85-year-old woman with a history of hypertension, diabetes, hearing loss, 

remote breast cancer, transient ischemic a�acks, and prior cerebrovascular 
event is brought in to your o�ce by her daughter for increasing memory 
loss. �e patient lives alone, but her daughter is nearby and very a�entive. 
What would be the most appropriate next steps in the evaluation?
	A.	 Recent history and urgent brain MRI scan
	B.	 Recent history, cognitive screening, and neurologic examination
	C.	 Recent history, neurologic examination, and brain MRI scan
	D.	 Chest and head CT scans for metastatic disease
	E.	 Recent history, carotid ultrasound, and brain MRI scan

Answer: B  �e �rst step is to establish a diagnosis of the suspected memory 
problem, which requires a history about the memory loss and any correspond-
ing functional changes from the daughter, a careful neurologic examination 
for focal changes, and cognitive screening tests. If cognitive testing corroborates 
cognitive impairment, then further evaluation is indicated. If the changes are 
chronic with memory impairment on cognitive testing, dementia is more 
likely. Neuroimaging tests would not be appropriate �rst steps in the 
evaluation.

2.	 An 82-year-old woman with atrial �brillation, congestive heart failure, 
hyperlipidemia, diabetes mellitus, and hypertension is brought to you by 
her daughter for evaluation of the acute onset of disorientation and agita-
tion. Her medications include furosemide, metoprolol, atorvastatin, ser-
traline, warfarin, ranitidine, amlodipine, and an over-the-counter sleep 
remedy containing diphenhydramine. Which of her medications are most 
likely to be contributing to her altered mental status?
	A.	 Furosemide, metoprolol, and amlodipine
	B.	 Warfarin, atorvastatin, and sertraline
	C.	 Sertraline, ranitidine, and diphenhydramine
	D.	 Diphenhydramine, warfarin, and metoprolol
	E.	 Atorvastatin, furosemide, and sertraline

Answer: C  Drugs with psychoactive side e�ects are most likely contributing 
to this patient�s altered mental status. Anticholinergic drugs (such as diphenhy-
dramine) are common contributors to mental status changes. Over-the-counter 
medications containing these agents should be used with caution in older 
persons. H2-receptor blockers are among the most common drugs contribut-
ing to delirium. Antidepressants may also contribute to mental status changes, 
even at therapeutic levels. Choice A is not correct because these drugs are 
not highly correlated with mental status changes, although metoprolol can 
cross the blood-brain barrier. A major adverse e�ect of this combination in 
the elderly is orthostatic hypotension. All of the other combinations have 
only one drug listed that has marked psychoactive e�ects.

3.	 A 78-year-old man with hypertension, peripheral vascular disease, osteo-
arthritis of the knees, and macular degeneration is brought in by his daughter 
for evaluation of confusion and �failure to thrive� a�er a �u-like illness 2 
months ago. �e daughter reports that during the past few weeks, her father 
has been drowsy and sleeping most of the day. His memory is poor at 
times, but he remains independent in all self-care activities. Normally active, 
he has stopped his usual gardening and walking and shows li�le interest 
in interacting with his grandchildren, which he normally enjoys. His appetite 
is poor, and he has lost weight. Your examination reveals a �a�ened a�ect 
with poor eye contact. Neurologic examination is nonfocal without cog-
wheeling or tremor. On the Short Portable Mental Status Questionnaire, 
he has two errors a�er initially poor e�ort, which improved a�er extensive 
prompting and encouragement. He scores 7 of 15 on the Geriatric Depres-
sion Scale. What is the most likely diagnosis?
	A.	 Early-onset Parkinson disease
	B.	 Mild cognitive impairment
	C.	 Early dementia (combined vascular and Alzheimer type)
	D.	 Post�viral encephalitis
	E.	 Major depressive disorder
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ABSTRACT
Delirium, a clinical syndrome characterized as an acute disorder of a�ention 
and global cognitive functioning, is the most frequent complication of hos-
pitalization for elders and is a potentially devastating problem, associated with 
functional decline, institutionalization, increased mortality, and high health 
care expenditures. Delirium is o�en unrecognized despite sensitive methods 
for its detection. Recent evidence suggests that interacting biologic factors 
result in disruption of large-scale neuronal networks in the brain and subse-
quently to acute cognitive disruption and delirium. Some of the leading pro-
posed mechanisms include disruption in neurotransmi�er systems, in�ammation, 
and other physiologic stressors. �e development of delirium usually involves 
a complex interrelationship between a vulnerable patient with pertinent pre-
disposing factors and exposure to noxious insults or precipitating factors. 
Evaluation of suspected delirium should begin with a comprehensive history 
and physical examination, brief cognitive screening, followed by a validated 
delirium tool. �e most e�ective strategy to reduce delirium is primary pre-
vention. Clinical trials document that multicomponent nonpharmacologic 
interventions targeted toward delirium risk factors can reduce the incidence 
of delirium by 30 to 40%. �ese components include strategies designed to 
improve orientation, provide therapeutic activities, increase mobilization, 
enhance sleep with nonpharmacologic interventions, optimize vision and 
hearing, and manage dehydration. Preoperative geriatric consultation and 
lighter anesthesia also can reduce postoperative delirium. Pharmacologic 
approaches have not been found to be e�ective for either prevention or treat-
ment of delirium, and they should be reserved for patients whose symptoms 
may result in interruption of essential medical therapies or may endanger the 
safety of the patient or other persons.
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Establish patient's baseline cognitive functioning
and clinical course of change

Chronic Acute
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and over-the-counter
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Physical examination, including 
neurologic examination

Targeted laboratory testing
Search for occult infection
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Laboratory testing: TFTs, B12,

toxicology screen,
cortisol, etc.

Arterial blood gas
Cerebrospinal fluid examination

Brain imaging
Electroencephalogram

��������
���������������
Indications: reserved for patients with severe
  agitation that will pose safety risks:
Start with a low dose of 1 of the drugs listed
  below; maintain effective dose for about 2 days
  before tapering
Seroquel, oral (12.5-25 mg twice daily)
Olanzapine, oral (2.5-5 mg once daily)
Haloperidol, oral, intramuscular, or intravenous
  (0.25-0.5 mg, may repeat every 20-30 min, not
  exceed 3-5 mg in 24 hours); due to risk of
  torsades de pointes, intravenous haloperidol
  should be administered in monitored settings
  only.
Management of sleep-wake cycle
  Melatonin, oral (3-5 mg at bedtime)
  Ramelteon, oral (8 mg at bedtime)

Remove or alter any 
potentially contributory 

medications, or any with 
potentially harmful

interactions

Delirium

Evaluation

Evaluation

Treatment as appropriate
for each condition

Treatment as
appropriate for

each contributor

Potential
contributor
identified

No potential
contributor identified

Subgroup with severe agitationAll patients

Delirium
management

Depression
Acute psychotic disorder

Other psychiatric disorder 

�����������
���������������
Reorientation strategies and schedule of
  activities
Use of sitters or family members
Relaxation techniques: music and massage
Avoid physical restraints and immobilizing
  devices 
�	�	����
�������������������
�����
Maintain mobility and self-care
Use eyeglasses, hearing aids, interpreters
At night, keep room quiet with low-level lighting
Allow uninterrupted periods of sleep at night
Encourage fluids, prevent dehydration

Dementia evaluation Delirium assessment
(including cognitive screening test)

FIGURE 25�1.  Algorithm for the evaluation of suspected delirium in older persons. PRN � as needed; TFTs � thyroid function tests. 

 DIAGNOSIS
�e cornerstone of the evaluation of delirium is a comprehensive history and 
physical examination (Table 25-3). �e �rst step is to establish the diagnosis 
of delirium through cognitive assessment and to determine whether the present 
condition represents an acute change from the patient�s baseline cognitive 
function, such as from a family member. Because cognitive impairment may 
not be apparent during conversation, brief cognitive screening tests�such 
as the Short Portable Mental Status Questionnaire (see Table 24-4), Mini-Cog 
test (see Table 24-5), the Confusion Assessment Method, the 3-minute diag-
nostic interview (see Table 25-2) or another validated delirium tool�should 
be used (Video 25-1). A�ention should be assessed further with other simple 
tests, such as a forward digit span (ina�ention is indicated by an inability to 
repeat �ve digits forward) or recitation of the months backward (allow maximum 
of one error). �e history, which should be obtained from a reliable informant, 
is targeted to establish the patient�s baseline cognitive function and the time 
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KEYWORDS
pharmacokinetics
drug monitoring
drug overdose
drugs in the elderly
drug interactions
adverse drug reactions
pharmacogenomics

ABSTRACT
In this chapter the principles of pharmacokinetics are presented followed by 
a discussion of how these principles are used to manage drug levels clinically, 
including calculating a loading dose, determining a maintenance dose, and 
calculating how to decrease drug level. �is is followed by a discussion of 
drug monitoring as a guide to therapy, including how the drug dose can be 
adjusted in various disease states, such as with renal insu�ciency, liver disease, 
and altered hemodynamic state. Approaching drug overdose and the use of 
drugs in the elderly are also discussed. Evaluation of drug interactions and 
adverse drug reactions are then presented. Finally the increasing importance 
of genomics in providing a rational guide to therapy is discussed.
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the half-life is equal to the natural logarithm of 2 (representing a reduction 
of drug concentration to half) divided by Ke. Substituting for Ke from Equa-
tion 4 and calculating the natural logarithm of 2, the half-life can be represented 
by the following equation:

	 t VD Cl1
2

0 693� . 	 (5)

From this equation, one can predict that at a given clearance, as the VD 
increases, the half-life increases. Similarly, at a given VD, as the clearance 
increases, the half-life decreases. Clinically, many disease states (see later) can 
a�ect VD and clearance. Because disease a�ects VD and clearance di�erently, 
the half-life may increase, decrease, or not change much at all. �erefore, the 
half-life by itself is not a good indicator of the extent of abnormality in 
elimination.

�e half-life is useful to predict how long it takes for a drug to be eliminated 
from the body. For any drug that has a �rst-order elimination, one would 
expect that by the end of the �rst half-life, the drug would be reduced to 50%; 
by the end of the second half-life, to 25%; by the end of the third half-life, to 
12.5%; by the end of the fourth half-life, to 6.25%; and by the end of the ��h 
half-life, to 3.125%. In general, a drug can be considered essentially eliminated 
a�er �ve half-lives, when less than 5% of the e�ective concentration remains. 
Table 26-1 shows the wide variation in half-life for several commonly used 
drugs.

  CLINICAL APPLICATION OF PHARMACOKINETIC 
PRINCIPLES

 Using a Loading Dose
To a�ain a desired therapeutic concentration rapidly, a loading dose is o�en 
used. In determining the amount of drug to be given, the clinician must con-
sider the �volume� within the body into which the drug will be distributed. 
�is volume is best described by the apparent VD. �e loading dose can be 
calculated by multiplying the desired concentration by the VD:

	 Loading dose desired concentration VD� � 	 (6)

Rapid administration of the entire loading dose may produce an initially 
high peak concentration that results in toxicity. �is problem can be avoided 
either by administering the loading dose as a divided dose or by varying the 
rate of access to the circulation, such as by administering the drug as an infu-
sion (with an intravenous drug) or by taking advantage of the slower access 
to the circulation from various other routes (e.g., oral dosing). �is approach 
is illustrated by phenytoin (see Table 26-1), which may need to be administered 
with a loading dose to achieve a therapeutic level (10 to 20 mg/L) rapidly. 
Because the VD for phenytoin is approximately 0.6 L/kg, the loading dose 
calculated from Equation 6 is 420 mg/L to a�ain a minimally therapeutic 
level of 10 mg/L in a 70-kg adult. However, administration of 420 mg of phe-
nytoin by intravenous bolus carries the risk for cardiac arrest and death. By 
taking advantage of the reduced bioavailability (F � 0.8) and slow absorption 
of oral phenytoin, the loading dose can be administered safely as an oral dose 
of 500 mg.

is not a�ected by the distribution of drug throughout the body (VD) because 
clearance mechanisms act only on drug in the circulation.

Half-Life
�e amount of time needed to eliminate a drug from the body depends on 
the clearance and the VD. �e �rst-order elimination constant (Ke) represents 
the proportion of the apparent VD that is cleared of drug per unit of time 
during the drug�s exponential disappearance from the plasma over time (elimi-
nation phase):

	 Ke Cl VD� 	 (4)

�e value of this constant for a particular drug can be determined by plot-
ting drug concentration versus time on a log-linear plot (see Fig. 26-2) and 
measuring the slope of the straight line obtained during the exponential 
(elimination) phase.

�e time needed to eliminate the drug is best described by its half-life (t1/2), 
which is the time required during the elimination phase (see Fig. 26-2) for 
the plasma concentration of the drug to be decreased by half. Mathematically, 
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FIGURE 26�1.  Schematic of a drug�s movement through the body, from the site of administration to production of a drug e�ect. The relationship between pharmacokinetics and 
pharmacodynamics is shown. 
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FIGURE 26�2.  Representative drug concentration versus time plot used in pharma-
cokinetic studies. Concentration of drug is plotted with a logarithmic scale on the ordinate, 
and time is plotted with a linear scale on the abscissa. The resultant curve has two phases: 
the distribution phase, which is the initial portion of the plotted line when the concentra-
tion of drug decreases rapidly; and the later elimination phase, during which there is an 
exponential disappearance of drug from the plasma over time. The dotted line extrapolated 
from the elimination phase back to time zero is used to calculate plasma concentration 
at time zero (Cp0). During the elimination phase, the half-life (t 1

2) can be calculated as 
the time it takes to decrease the concentration by half (shown here as the time needed 
to decrease from concentration Ca to 1

2 Ca). 
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shown in Figure 26-4. As the intervals decrease below the half-life, the �uctua-
tion decreases and approaches the curve produced by an intravenous infusion. 
Orally administered drugs may reach the blood stream more rapidly, a�aining 
a higher peak concentration with one formulation, whereas the same drug 
administered as a timed-release formulation is absorbed more slowly, with a 
lower peak concentration but lasting longer in the plasma. Finally, the same 
drug administered by di�erent routes may have di�erent plasma pro�les not 
only because of di�ering absorption characteristics but also because of other 
e�ects, such as �rst-pass metabolism.

 Decreasing the Drug Level
At times, it may be necessary to decrease the plasma drug level while main-
taining therapy (e.g., when signs of toxicity become apparent or a potentially 
dangerously high concentration of drug is noted; see later). �e most e�ective 
and rapid response is to discontinue the drug; the length of time for which 
the drug is discontinued is determined by the estimated half-life of the drug 
in the speci�c patient. A�er discontinuation of the drug for a time based on 
its half-life, the total clearance (Cltot) of the drug can be used to determine 
what infusion rate (I, Equation 7) or dose and interval (D/t, Equation 8) 
must be used to achieve the new desired concentration (Cp).

 E�ect of Dose Increases on Elimination Kinetics
Although the previously discussed pharmacokinetic principles can be a guide 
to the dose of most drugs, not all drugs behave the same when the dose is 
increased. �e elimination of most drugs follows �rst-order or linear kinetics; 
the amount of drug eliminated is directly proportional to the concentration 
of drug in the plasma (Fig. 26-5A). A few drugs have a di�erent pa�ern of 
elimination. �ree of the most commonly used drugs that exhibit this di�erent 
pharmacokinetic pa�ern are ethanol, phenytoin, and salicylate. �ese drugs 
have dose-dependent, nonlinear saturation kinetics. As the dose of drug increases 
and the concentration of drug in the plasma rises, the relative amount of drug 
being eliminated falls (i.e., the clearance decreases) until the rate of drug 
metabolism is at its maximum. At this point, drug elimination is said to be 
zero order, and the drug concentration in plasma starts to increase much more 
(no longer linearly) with each subsequent increase in dose (Fig. 26-5B).

  DRUG MONITORING AS A GUIDE TO THERAPY
Although published pharmacokinetic data (usually population averages) such 
as those in Table 26-1 are useful to determine initial drug dosing, modi�cation 
of the dose may be needed in an individual patient. For some drugs (e.g., 
certain antihypertensives or anticoagulants), the therapeutic e�ects (e.g., blood 
pressure or coagulation) can be quanti�ed easily over a range of concentra-
tions, permi�ing adequate drug adjustment. For many other drugs (e.g., some 
antiarrhythmics or antiseizure medications), therapeutic e�ects over a range 

Similarly, with an orally administered drug, the dose administered per unit 
of time equals the elimination rate at steady state, with the result that

	 D t Cl Ctot p� � 	 (8)

�ese equations show the direct relationship between the dose and the 
resultant plasma concentration at steady state. �is relationship is independent 
of the distribution of the drug. By use of these equations, it is possible to 
determine the infusion rate or the interval and dose needed to achieve and 
maintain a speci�ed drug concentration in the plasma.

When a drug is administered intermi�ently, it approaches steady-state con-
centration over time, with a pa�ern similar to that observed with continuous 
infusion (Fig. 26-4). With intermi�ent drug administration, such as with an 
oral dose, the drug concentration �uctuates; the magnitude of �uctuation 
between the peak and trough concentrations depends on the interval of admin-
istration, drug half-life, absorption characteristics, and site of administration. 
�e e�ect of a change in the interval of administration for an oral drug is 

�e equation for the loading dose can also be used to calculate the dose 
needed to �boost� an inadequate blood level of drug to a desired therapeutic 
range. If therapeutic monitoring (see later under Drug Monitoring as a Guide 
to �erapy) shows that the phenytoin level is 5 mg/L and the desired level 
is 15 mg/L, it is necessary to multiply the di�erence needed to achieve the 
desired concentration (10 mg/L) by the VD (0.6 L/kg) to determine the 
dose (in mg/kg) necessary to achieve this drug level a�er distribution. In a 
70-kg individual, 0.6 mg/kg is multiplied by 70 kg to obtain the calculated 
loading dose (420 mg) that can be administered safely. A 500-mg oral dose 
with a bioavailability of less than 1 (e.g., F � 0.8) would deliver to the systemic 
circulation the approximate amount needed and avoid the risks associated 
with rapid intravenous administration.

 Determining Drug Accumulation
Continuing to administer a drug, either as a prolonged infusion or as repeated 
doses, results in accumulation until a steady state occurs. Steady state is the 
point at which the amount of drug being administered equals the amount 
being eliminated so that the plasma and tissue levels remain constant. �e 
elimination half-life determines not only the time course of drug elimination 
but also the time course of drug accumulation. �is mirror-image pa�ern of 
drug accumulation and elimination is illustrated in Figure 26-3. As with drug 
elimination, �ve half-lives is the approximate time it takes to reach steady state 
during drug accumulation. Whereas drugs with short half-lives accumulate 
rapidly, drugs with long half-lives require a longer time to accumulate, with 
a potential delay in achieving therapeutic levels. For drugs with long half-lives, 
a loading dose may be needed to obtain rapid drug accumulation and a more 
rapid therapeutic e�ect.

With each change in drug dose or rate of infusion, a change in steady state 
occurs. Although it is not obvious for drugs with short half-lives, the e�ects 
of dose adjustments for drugs with longer half-lives are delayed, and the time 
varies directly with the drug�s half-life.

 Using a Maintenance Dose
A�er steady state is reached in approximately �ve half-lives with either a con-
tinuous infusion or intermi�ent doses, the rate of drug administered equals 
the rate of drug eliminated. For an intravenous drug, the administration rate 
is the infusion rate (I); for a drug administered by another route (e.g., orally), 
the administration rate is the dose per unit of time (D/t). Equation 7 shows 
that the rate of elimination (total) equals Cltot � Cp. With an intravenously 
administered drug, because the infusion rate equals the elimination rate at 
steady state, it follows that

	 I Cl Ctot p� � 	 (7)

TABLE 26�1	 PHARMACOKINETIC PARAMETERS FOR SOME COMMONLY USED DRUGS

DRUG VD (L/kg)
PROTEIN BINDING 

(%)
TOTAL CLEARANCE 

(mL/min)
% OF TOTAL CLEARANCE 

AS RENAL CLEARANCE HALF-LIFE (hr)
THERAPEUTIC RANGE 

(mg/L)
Amoxicillin 0.47 17-18 86 1.2 2-8
Aspirin (acetylsalicylic 

acid)
0.14-0.18 80-90 575-725 �2 0.2-0.3 20-250

Carbamazepine 1.2 75-90 50-125 1-3 12-17 4-12
Digoxin 5-7.3 20-30 75 50-70 34-44 0.5-2
Glimepiride 0.18 �99.5 0.62 � 0.26 �0.5 3.4 � 2.0
Lidocaine 3 60-80 700 �10 1.5-2 1-5
Lithium carbonate 0.7-1 0 20-40 95-99 20-270 0.4-1.4*
Penicillin G 0.5-0.7 45-68 � 20 0.4-0.9 Variable
Phenobarbital 0.6-0.7 20-45 4 25 2-6 days �10-40*
Phenytoin 0.4-0.8 88-93 � �5 7-26 10-20
Procainamide 2.2 14-23 470-600 40-70 2.5-4.7 4-8
�eophylline 0.3-0.7 60 36-50 �10 4-16 5-20
Vancomycin 0.4-1 52-60 65 85 4-6 5-10 (TR)

25-35 (PK)
*�erapeutic range varies according to the indication for the drug. For example, lithium carbonate in the range of 0.4-1.3 mg/L is appropriate for a�ective schizophrenia disorder; a range of 1.0-1.4 mg/L is 
appropriate for mania. Phenobarbital concentration below 10 mg/mL is appropriate for anticonvulsant therapy; 40 mg/L is appropriate as a hypnotic.
PK � peak value; TR � trough value; VD � volume of distribution.
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FIGURE 26�3.  Representative plot of the mirror-image relationship between the 
elimination of drug (after drug is discontinued) and the accumulation of drug (during 
infusion). The plot shows the concentration on the left y-axis and time on the upper x-
axis. The lower x-axis shows the time in half-lives, and the y-axis on the right shows the 
percentage of drug in the body. After �ve half-lives, elimination is essentially complete, 
and accumulation is essentially at a steady state. 
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shown in Figure 26-4. As the intervals decrease below the half-life, the �uctua-
tion decreases and approaches the curve produced by an intravenous infusion. 
Orally administered drugs may reach the blood stream more rapidly, a�aining 
a higher peak concentration with one formulation, whereas the same drug 
administered as a timed-release formulation is absorbed more slowly, with a 
lower peak concentration but lasting longer in the plasma. Finally, the same 
drug administered by di�erent routes may have di�erent plasma pro�les not 
only because of di�ering absorption characteristics but also because of other 
e�ects, such as �rst-pass metabolism.

 Decreasing the Drug Level
At times, it may be necessary to decrease the plasma drug level while main-
taining therapy (e.g., when signs of toxicity become apparent or a potentially 
dangerously high concentration of drug is noted; see later). �e most e�ective 
and rapid response is to discontinue the drug; the length of time for which 
the drug is discontinued is determined by the estimated half-life of the drug 
in the speci�c patient. A�er discontinuation of the drug for a time based on 
its half-life, the total clearance (Cltot) of the drug can be used to determine 
what infusion rate (I, Equation 7) or dose and interval (D/t, Equation 8) 
must be used to achieve the new desired concentration (Cp).

 E�ect of Dose Increases on Elimination Kinetics
Although the previously discussed pharmacokinetic principles can be a guide 
to the dose of most drugs, not all drugs behave the same when the dose is 
increased. �e elimination of most drugs follows �rst-order or linear kinetics; 
the amount of drug eliminated is directly proportional to the concentration 
of drug in the plasma (Fig. 26-5A). A few drugs have a di�erent pa�ern of 
elimination. �ree of the most commonly used drugs that exhibit this di�erent 
pharmacokinetic pa�ern are ethanol, phenytoin, and salicylate. �ese drugs 
have dose-dependent, nonlinear saturation kinetics. As the dose of drug increases 
and the concentration of drug in the plasma rises, the relative amount of drug 
being eliminated falls (i.e., the clearance decreases) until the rate of drug 
metabolism is at its maximum. At this point, drug elimination is said to be 
zero order, and the drug concentration in plasma starts to increase much more 
(no longer linearly) with each subsequent increase in dose (Fig. 26-5B).

  DRUG MONITORING AS A GUIDE TO THERAPY
Although published pharmacokinetic data (usually population averages) such 
as those in Table 26-1 are useful to determine initial drug dosing, modi�cation 
of the dose may be needed in an individual patient. For some drugs (e.g., 
certain antihypertensives or anticoagulants), the therapeutic e�ects (e.g., blood 
pressure or coagulation) can be quanti�ed easily over a range of concentra-
tions, permi�ing adequate drug adjustment. For many other drugs (e.g., some 
antiarrhythmics or antiseizure medications), therapeutic e�ects over a range 
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of concentrations are not readily detectable. With these drugs, the plasma 
concentration may provide further guidance in optimizing therapy if the plasma 
concentration of the drug is a re�ection of its concentration at the site of 
action and the drug e�ects are reversible. A third, much smaller group of drugs 
produces irreversible e�ects (e.g., aspirin inhibition of platelet aggregation). 
With these drugs, plasma drug concentration does not correlate with drug 
e�ect, and drug monitoring is not useful.

To use drug concentration as a guide to therapy, it is necessary to establish 
a range of concentrations from minimally to maximally e�cacious with toler-
able toxicity. �is range of concentrations, or the therapeutic window, is usually 
determined from a dose-response curve generated from a population of patients 
who have been examined closely for therapeutic and toxic e�ects (Fig. 26-6). 
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E�TABLE 26�1	 ADJUSTMENT OF DRUG DOSAGE IN RENAL FAILURE

DRUG
TYPE OF 

ELIMINATION

HALF-LIFE (hr)

METHOD*

ADJUSTMENT FOR RENAL FAILURE

NORMAL
END-STAGE 

RENAL DISEASE GFR � 50 mL/min GFR 10-50 mL/min GFR � 10 mL/min
REMOVED 

BY DIALYSIS�

Amikacin Renal 2-3 30 DD 60-90% 30-70% 20-30% Yes
II 12 hr 12-18 hr 24 hr

Aspirin Hepatic (renal) 2-19 Unchanged II 4 hr 4-6 hr Avoid Yes
Carbamazepine Hepatic (renal) 35 ? DD Unchanged Unchanged 75% No
Digoxin Renal (nonrenal 

15-40%)
36-44 80-120 DD II Unchanged 24 hr 25-75% 36 hr 10-25% 48 hr No

Lidocaine Hepatic (renal � 
20%)

1.2-2.2 1.3-3 DD Unchanged Unchanged Unchanged No

Lithium 
carbonate

Renal 14-28 Prolonged DD Unchanged 50-75% 25-50% Yes

Penicillin G Renal (hepatic) 0.5 6-20 DD Unchanged 75% 25-50% Yes
6-8 hr 8-12 hr 12-16 hr

Phenobarbital Hepatic (renal 
30%)

60-150 117-160 II Unchanged Unchanged 12-16 hr Yes

Phenytoin Hepatic (renal) 24 8 DD Unchanged Unchanged Unchanged No
Procainamide Renal (hepatic 

7-24%)
2.5-4.9 5.3-5.9 II 4 hr 6-12 hr 8-24 hr Yes

�eophylline Hepatic 3-12 ? DD Unchanged Unchanged Unchanged Yes
Tobramycin Renal 2.5 56 DD 60-90% 30-70% 20-30% Yes

II 8-12 hr 12 hr 24 hr
Vancomycin Renal 6-8 200-250 II 24-72 hr 72-240 hr 240 hr No
*DD (alone) � decrease dose (maintain same interval); II (alone) � increase interval between doses (maintain dose); DD and II (together) � combination of both approaches.
�Dialysis refers to hemodialysis.
GFR � glomerular �ltration rate.









B�F(V600E) kinase�expressing tumor cells, thereby reducing tumor cell 
proliferation. �ere are multiple other examples in oncology demonstrating 
that genomic data from the tumor of an individual patient can be useful in 
making a therapeutic decision (See Table of Pharmacogenomic Biomark-
ers in Drug Labelingon FDAWebsite�www.fda.gov/drugs/scienceresearch/
researchareas/pharmacogenetics/).

administered to reduce the amount of free toxic metabolite present, protecting 
the liver.

Immunologic reactions to drugs are generally not produced by the drug 
alone. Similar to other low-molecular-weight compounds (�1000 D), they 
are typically not antigenic themselves. When a drug or reactive metabolite 
combines with a protein to form a drug-protein complex, it can become anti-
genic, capable of eliciting an immune response.

Perhaps the most impressive form of drug allergy is anaphylaxis, which is 
due to an immunoglobulin E�mediated hypersensitivity. Many drugs from 
di�erent classes have been shown to produce this type of drug allergy. �e 
best-known example is the anaphylactic response produced by penicillin, which 
can occur a�er its administration by any route. Skin testing with penicillin G, 
penicilloic acid, or penicilloyl polylysine can identify patients at risk and should 
be performed in those with a suspected penicillin allergy who need treatment 
with penicillin. If the skin test result is positive, the patient must undergo 
desensitization before receiving penicillin. If the skin test result is negative, 
penicillin can be administered with caution.

 DIAGNOSIS AND PREVENTION OF ADVERSE DRUG RESPONSES
Although many of the well-known adverse drug e�ects are due to a relatively 
small group of drugs, every drug has the potential to cause an ADR. A physician 
should always consider the possibility of an ADR in the di�erential diagnosis 
even if none has been reported previously for the particular drug. In earlier 
editions of this book, we provided a table listing many diverse clinical pre-
sentations associated with ADRs. �e reader is now referred to the numerous 
websites providing more complete and up-to-date information on ADRs than 
can be detailed here. For example, www.fdable.com allows one to monitor drug 
safety with unlimited access to up-to-date information from the U.S. Food 
and Drug Administration (FDA) Adverse Event Reporting System (AERS).

In many instances, it is readily apparent that a speci�c drug has produced 
an ADR, such as the appearance of a rash in an otherwise healthy patient who 
was recently prescribed a single drug (e.g., penicillin). In other cases, the e�ect 
produced by the drug may be di�cult to discern from other disease states. 
In still other cases, the adverse e�ect may mimic the illness being treated 
(e.g., development of an arrhythmia in a patient being treated with an antiar-
rhythmic drug).

From a public health perspective, it is highly desirable to have a mechanism 
available to detect, catalog, and track the incidence and severity of ADRs not 
only for drugs at various stages of development but also for drugs that were 
approved earlier. �e FDA tracks adverse drug events through a voluntary 
reporting program, MedWatch. Health care professionals are encouraged to 
report any adverse events or product problems on a one-page form that can 
be sent by mail, fax, or electronically to the FDA. Nontraditional resources 
that are generated by patients via the Internet could supplement existing phar-
macovigilance approaches. Although various methods for surveying ADRs 
have been proposed, ultimately, the cooperation of alert clinicians, health care 
professionals, and patients must be encouraged.

A patient�s list of prescription drugs should be reviewed at each visit, and 
potential interactions with any nonprescription drugs should also be assessed. 
Screening tools that can identify potentially inappropriate or unnecessary 
drug prescriptions can also reduce the risks of adverse drug reactions. A1 

,
 A2 

  GENOMIC DATA PROVIDING GUIDANCE FOR 
CANCER THERAPEUTIC DECISION

In addition to genetic data being useful in understanding and increasingly 
predicting adverse drug e�ects (see earlier), it is becoming increasingly clear 
that genomic data (e.g., the presence of a speci�c genetic variant) can also 
help inform the clinician of the appropriate drug or dose of drug that should 
be used for the speci�c patient.5,6 �ere is no therapeutic area in which this 
is more apparent than with oncologic drugs and particularly many of the 
new targeted therapy agents, for which the genomic pro�le of the tumor 
(vs. the host tissue) is critical (Chapter 169). A representative example is 
vemurafenib, a targeted agent that has recently been demonstrated to have 
therapeutic value in melanoma7 and potentially other malignancies as well. 
Vemurafenib is e�ective in tumors that have a speci�c mutation in their B�F 
gene, a valine-to-glutamic acid mutation at residue 600 (V600E), that results 
in the oncogene protein product, B�F(V600E) kinase, exhibiting a mark-
edly elevated activity that overactivates the MAPK signaling pathway. Vemu-
rafenib is an orally bioavailable, ATP-competitive, small-molecule inhibitor of 
B�F(V600E) kinase with antineoplastic activity. It selectively binds to the 
ATP-binding site of B�F(V600E) kinase and inhibits its activity, resulting 
in inhibition of an overactivated MAPK signaling pathway downstream in 
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4.	 Which one of the following drugs has pharmacokinetics characterized as 
dose-dependent, nonlinear saturation kinetics?
	A.	 Digoxin
	B.	 Tobramycin
	C.	 Lidocaine
	D.	 Glimepiride
	E.	 Phenytoin

Answer: E  Not all drugs behave the same when drug dose is increased. �e 
elimination of most drugs follows �rst-order or linear kinetics, such that the 
amount of drug eliminated is directly proportional to the plasma concentra-
tion of the drug. A few drugs (e.g., phenytoin) have a di�erent pa�ern of 
elimination�that is, dose-dependent, nonlinear kinetics�such that as the 
drug dose increases and the plasma concentration of the drug rises, the relative 
amount of the drug being eliminated falls (i.e., clearance decreases) until the 
rate of drug metabolism is at a maximum. At this point, drug elimination is 
said to be zero order, and the drug concentration in plasma starts to increase 
much more (no longer linear). �is is shown in Figure 26-5B.

5.	 Before administration of vemurafenib, which one of the following genes 
should be monitored for the presence of a V600E single-nucleotide 
polymorphism?
	A.	 EGFR
	B.	 B�F
	C.	 NMYC
	D.	 VEGF
	E.	 CMYC

Answer: B  �e e�ectiveness of vemurafenib in tumors has been demonstrated 
to be dependent on the presence of a speci�c mutation in the B�F gene of 
the tumor, a valine-to-glutamic acid mutation at residue 600 (V600E). �is 
mutation results in the oncogene protein product, B�F(V600E) kinase, 
exhibiting a markedly elevated activity that overactivates the MAPK signaling 
pathway. Vemurafenib selectively binds to the adenosine triphosphate�binding 
site of B�F(V600E) kinase and inhibits its activity, resulting in inhibition 
of an overactivated MAPK signaling pathway downstream in B�F(V600E) 
kinase�expressing tumor cells, thereby reducing tumor cell proliferation. Before 
considering this drug, speci�c testing for the presence of this mutation is 
recommended.

REVIEW QUESTIONS
1.	 A drug is considered to be e�ectively cleared from the circulation a�er 

how many half-lives?
	A.	 1.5
	B.	 2
	C.	 5
	D.	 7
	E.	 10

Answer: C  A drug is considered to be e�ectively cleared when less than 10% 
of drug remains in the circulation. �is is typically 3 to 5 half-lives.

2.	 Which one of the following drugs may be di�cult to remove in an overdose 
se�ing because of a large volume of distribution (VD)?
	A.	 Procainamide
	B.	 Aspirin
	C.	 Digoxin
	D.	 Phenobarbital
	E.	 Phenytoin

Answer: C  A large VD indicates that a large fraction of the speci�c drug is 
present outside the circulation. Examination of drugs in Table 26-1 demon-
strates that digoxin�s VD is much higher than the other four drugs such that, 
in an overdose situation, easy removal of digoxin from the a�ected individual 
would be di�cult because a large fraction of the drug is outside the circulation 
and therefore relatively inaccessible.

3.	 �e antihistamine terfenadine (Seldane) should not be administered with 
which one of the following fruit juices?
	A.	 Lemon juice
	B.	 Orange juice
	C.	 Prune juice
	D.	 Grapefruit juice
	E.	 Apple juice

Answer: D  Many drugs are metabolized by CYP3A4 in the small intestine. 
Certain chemicals in grapefruit juice, but not in the other juices listed, block 
the action of CYP3A4, so instead of being metabolized, more of the drug 
enters the blood stream and stays in the body longer. �e result is that poten-
tially dangerous levels of the drug accumulate. �is �nding has led to more 
a�ention to foods, herbs, and other natural substances that are coadministered 
with drugs.
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ABSTRACT
Pain is the most common reason people seek medical a�ention and the leading 
cause of disability in the world. Among the various ways to classify pain, the 
most common is based on etiology, speci�cally the presence (neuropathic) 
or absence (non-neuropathic) of nerve injury, as this a�ects treatment deci-
sion at all levels of care. Pain is a complex perceptual experience a�ected by 
a multitude of factors that includes not only the activation of nociceptors 
(nociception), but also emotions, memory and cognition, social and cultural 
context, and expectations. �ere are currently no biomarkers or diagnostic 
tests that can reliably identify or measure pain, so a patient�s pain complaints 
should always be taken seriously. �e goals of treatment should ideally include 
elucidating the cause of pain, mitigating nociception, improving function, and 
alleviating su�ering. �e treatment of pain can be roughly divided into 4 
classes: conservative, which includes physical and psychotherapy; pharmaco-
therapy, which includes opioids and non-opioid analgesics; procedural inter-
ventions, which includes injections and surgery; and complementary and 
alternative treatments, which includes acupuncture, yoga, and chiropractic 
and is rapidly growing in popularity. Although there is a paucity of studies 
evaluating an integrative approach, there is a widespread consensus that an 
interdisciplinary model is bene�cial. In this chapter, we discuss the di�erent 
types of pain, diagnostic workup, various treatments, and future developments 
in pain medicine.



CHAPTER  27  PAIN 129

Pain Mechanisms
Nociception is the physiological process of activation of specialized peripheral 
receptors (nociceptors) by stimuli that are potentially damaging to tissue (e.g., 
mechanical [tumor growth, incision], thermal [hot or cold], or chemical [ischemia 
or infection]). In addition to nociceptors that respond to each type of stimuli, 
there are polymodal nociceptors that respond to multiple modalities. Pain, in 
contrast, is a conscious experience that results not only from activation of 
nociceptive pathways, but is also in�uenced by alterations in somatosensory 
processing following tissue injury and by psychosocial factors. Once a stimulus 
is detected, it is converted into an electrical nerve signal through activation 
of transduction channels (e.g., transient receptor potential [TRP] channels) 
expressed on the axonal membrane (transduction). �ese action potentials are 
conveyed along the axons of unmyelinated (C) or thinly myelinated (A-delta) 
nerve �bers through speci�c pathways (transmission). Modulation refers to 
the a�enuation of pain signals through intrinsic inhibitory activity within the 
peripheral and the central nervous systems (e.g., intrinsic spinal neurons that 
release a plethora of neurotransmi�ers) before being perceived as unpleasant 
(perception), though in some cases pain signals may be ampli�ed during this 
process. Pathologic pain is the result of injury or disease-induced changes in 
the peripheral and/or central nervous systems leading to enhanced pain sig-
naling. One example of pathologic pain from injury to the nervous system is 
peripheral sensitization. �is form of pain is characterized by the development 
of spontaneous ectopic activity in injured nerves and dorsal root ganglion 
cells, as well as enhanced sensitivity to stimuli.

Prolonged and repeated activation of nociceptive a�erent �bers produces 
central sensitization, a state of hyperexcitability of central pain signaling neurons. 
Activation of N-methyl-D-aspartate (NMDA) receptors by glutamate is an 
important mechanism for central sensitization. Recent studies indicate that 
in addition to functional changes in neurons, glial cells may also be activated 
following in�ammation and nerve injury and release in�ammatory mediators 
and growth factors, which are important in sensitization. Loss of inhibitory 
interneurons (e.g., GABA) and altered balance between descending inhibitory 
and excitatory modulatory mechanisms play a key role in the maintenance of 
pain. Other central neuroplastic changes that contribute to neuropathic pain 
include dea�erentation hyperactivity following spinal cord or avulsion injuries, 
loss of large �ber inhibition, and reorganization of central connections of 
primary a�erent �bers. Central and peripheral sensitization are considered to 
be the prime culprits responsible for pain induced by innocuous stimuli (allo-
dynia) and increased pain to normally noxious stimuli (hyperalgesia), which 
are commonly observed in neuropathic pain.

Genetics
Chronic pain is a prototypical example of the interplay between genes and 
environment. �ere are many ways in which one�s genetic makeup can 

Somatic and Visceral Pains
Pain can originate from somatic or visceral structures. Somatic pain is typically 
well-localized and results from injury or disease of the skin and musculoskeletal 
structures. Di�erent types of stimulation can evoke pain by binding to dis-
tinct receptors (a.k.a. nociceptors), which are categorized as either polymodal 
(which respond to painful and nonpainful stimuli) or nociceptive speci�c, 
which respond to mechanical, temperature, or chemical stimuli. Visceral 
pain arises from internal organ dysfunction and can result from in�amma-
tion, ischemia, occlusion of �ow (e.g., renal stones, bowel obstruction), or 
functional pathology (e.g., irritable bowel syndrome). In contrast to somatic 
pain, visceral pain is usually di�use and poorly localized, is o�en referred 
to somatic regions (e.g., myocardial ischemia radiating into the arm), and 
tends to be associated with exaggerated autonomic re�exes and greater emo-
tional features. Reasons for these di�erences include a lower density and dif-
ferent types of nociceptors, and convergence with a�erent pathways in the  
spinal cord.

Neuropathic, Nociceptive, Nociplastic, and Mixed Pain
Pain can be etiologically classi�ed as neuropathic, nociceptive, or mixed (Table 
27-1). �is distinction is perhaps the most useful, as it a�ects decision making 
at all levels of care. Neuropathic pain is de�ned as pain caused by a lesion or 
disease a�ecting the somatosensory system.5 Common peripheral neuropathic 
pain states include diabetic neuropathy and radicular pain. One subtype of 
neuropathic is central pain, which manifests as a constellation of symptoms 
following a lesion a�ecting the central nervous system. Owing to its high 
prevalence, the most common overall cause of central pain is central post-
stroke pain (occurring a�er approximately 8% of cerebrovascular accidents), 
though spinal cord lesions are associated with a higher incidence of central 
pain (�50%). Nociceptive pain results from an injury or disease a�ecting somatic 
structures such as skin, muscle, tendons, bone, and joints. Nociplastic pain is 
pain that arises from altered nociception despite no clear evidence of actual 
or threatened tissue damage causing the activation of peripheral nociceptors 
or evidence for disease or lesion of the somatosensory system causing the 
pain. Formerly known as �functional pain syndromes,� these conditions include 
pain states such as �bromyalgia, irritable bowel syndrome, and possibly even 
nonspeci�c back pain. �e precise pathophysiological mechanisms responsible 
for these disorders are still being elucidated, though they likely include aug-
mented sensory processing, diminished inhibitory pathways, and a higher 
co-prevalence rate of conditions associated with chronic pain such as mood 
and sleep disorders. Mixed pain is pain that contains signi�cant portions of 
both neuropathic and nociceptive pain. For example, pain associated with 
cancer can result from either the tumor itself or as a consequence of therapy 
(e.g., surgery, chemo- and radiation therapy), and advanced malignancies typi-
cally include neuropathic and nociceptive components.

TABLE 27�1	 CLASSIFICATION AND PREVALENCE OF COMMON PAIN CONDITIONS
NEUROPATHIC NOCICEPTIVE NOCIPLASTIC4 MIXED

PERIPHERAL1 CENTRAL SOMATIC VISCERAL
Peripheral neuropathy (1-3%)
Postherpetic neuralgia (annual 

incidence 0.1-0.2%)
Chronic postsurgical pain 

(2-10% overall, up to 50% 
for high-risk operations)

Phantom limb pain (30-60%)
Trigeminal neuralgia (0.01%)
Radiculopathy/spinal stenosis 

(3-10%)
Nerve entrapment syndromes 

(e.g., carpal tunnel, thoracic 
outlet, meralgia 
paresthetica; 2-4%)

Central post-stroke pain 
(8%)

Spinal cord injury 
(30-50%)

Multiple sclerosis 
(25%)

Parkinson disease 
(10%)

Seizure disorder (1-3%)

Arthritis (25-40% in people 
� 40 years)

Myofascial pain (5-10%)
Connective tissue disorders 

(0.2-0.5%)
Burn pain2 (annual incidence 

of burns requiring 
hospitalization 0.01%)

Endometriosis (10% in 
women of reproductive 
age)

Interstitial cystitis3 (0.2-1% 
of women)

Ulcers/gastritis/esophagitis 
(3-9%)

Cholecystitis/appendicitis

Irritable bowel syndrome 
(5-15%)

Fibromyalgia (3-6%)
Complex regional pain 

syndrome type I 
(0.006-0.05%, 3-20% a�er 
orthopedic surgery)

Temporomandibular disorder 
(5-12%)

Headache (15% for 
migraine, 20-30% 
for tension-type)

Cancer5 (lifetime 
prevalence 30-40%)

Low back pain6 (annual 
prevalence rate 
20-40%)

Neck pain7 (annual 
prevalence rate 
20-40%)

Ischemic pain6

1.  Prevalence rates represent proportion of patients with condition who develop pain.
2.  �ird degree burns o�en associated with neuropathic pain.
3.  Also sometimes considered nociplastic pain (bladder pain syndrome).
4.  Strong female predominance.
5.  Neuropathic pain occurs in 20-50% of cases and may occur secondary to tumor invasion, surgery, chemotherapy, and radiation treatment.
6.  Neuropathic pain may predominate or accompany nociceptive pain in 20-50% of cases.
7.  Typically nociceptive, but long-standing pain may result in ischemic neuropathy.
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nociceptive pain (e.g., painDETECT, DN4, s-LANSS), although physician 
determination remains the reference standard.

A thorough history should evaluate sleep and dietary pa�erns. In epide-
miological studies, over 50% of chronic pain patients exhibit some form of 
sleep disturbance, which are nearly ubiquitous in some conditions such as 
�bromyalgia. It is well-known that pain can interfere with sleep, but it is less 
well-appreciated that sleep deprivation may enhance pain sensitivity and reduce 
response to therapy. Although there is some evidence that improved sleep 
may lessen chronic pain, the studies are mostly correlational.8

In terms of diet, there is strong evidence to support weight loss for a wide 
range of pain conditions in overweight individuals and vitamin D supple-
mentation in individuals with a documented de�ciency, which may be more 
common in chronic pain patients. Other supplements that may alleviate 
chronic pain include omega-3 polyunsaturated fa�y acids, turmeric, ginger, 
magnesium, and B12.

�e evaluation of a patient in pain must include a psychosocial history. 
Between one half to two thirds of chronic pain patients exhibit varying degrees 
of psychopathology, with depression being the most common comorbidity, 
followed by anxiety disorders, somatoform disorders, and substance abuse. 
Most coexisting psychological conditions have been associated with the devel-
opment and persistence of pain. Social factors that can negatively impact 
treatment include low job satisfaction and secondary gain.

Physical Examination
Examination of the patient in pain should encompass all bodily systems because 
pain is a frequent manifestation of systemic disease. A physical exam �nding 
by itself is almost never pathognomonic, but may help select patients for diag-
nostic testing or treatment. Unlike acute pain, chronic pain is usually not 
associated with autonomic activation resulting in altered vital signs. Numbness 
in the distribution of a nerve or nerve root suggests neuropathic pain, but 
nondermatomal sensory changes can accompany nociceptive pain as well. 
Allodynia and hyperalgesia are hallmarks of neuropathic pain. �e most common 
forms of neuropathy are associated with sensory de�cits in a glove-stocking 
distribution, but other pa�erns occur as well (Chapter 392).

When examining muscle strength, a distinction should be drawn between 
pain-induced and neurological weakness, with the la�er o�en occurring in 
conjunction with muscle atrophy or asymmetry in re�exes. Sometimes re�ex 
assessment is the only way to distinguish between a true neurological condi-
tion and nonorganic etiologies.

Diagnostic Tests
Imaging has largely supplanted history and physical exam as the gold standard 
for diagnosing pathology, but is not without drawbacks. Owing to its lack of 
speci�city, there is a poor correlation between �ndings on MRI and the 

in�uence pain to include di�erences in pain sensitivity, susceptibility to disease, 
the immunomodulatory response to injury, psychological predisposition to 
pain persistence, interactions between genotype di�erences and environment, 
and response to analgesic therapy. Not only genetics, but also epigenetics can 
a�ect how painful stimuli are perceived.

Heritability is estimated to account for between 30% and 60% of the vari-
ance in pain response and plays a role in both acute pain perception and the 
transition from acute injury to chronic pain. Even when the variability associ-
ated with gender and race (i.e., females and African Americans are more likely 
to report pain than males and Caucasians, respectively) is taken into consid-
eration, genetics continue to play a major role in explaining pain di�erences. 
Heritable pain conditions may occur via either dominant or recessive gene 
transmission and involve an assortment of di�erent phenotypes.

�e simplest obvious examples of the role genetics plays in pain are those 
resulting from a single gene mutation with high penetrance such as hereditary 
sensory neuropathies and channelopathies such as primary erythromelalgia. 
More common are conditions associated with multiple gene abnormalities 
and incomplete penetrance, with several hundred potential gene candidates 
being identi�ed. In most cases, genes promote a predisposition to pain, 
which requires a subsequent environmental inciting event (e.g., an injury in 
the context of depression) for manifestation. Whereas many experts believe 
low back pain is a poor candidate for genetic studies due to the large in�u-
ence of psychosocial factors, it is estimated to have a heritability of between  
30% and 46%.6

 DIAGNOSIS
History
�e evaluation of pain begins with a thorough history. Since no diagnostic 
test or biomarker can reliably identify or measure pain, a patient�s pain com-
plaints should always be taken seriously. �e most promising techniques involve 
functional brain imaging that re�ects cerebral metabolism. �ese research 
tools have helped us understand that the brains of chronic pain patients are 
di�erent from those of normal individuals and undergo morphologic altera-
tions such as a diminution in gray ma�er as a consequence of chronic pain. 
Functional imaging may not only re�ect one�s pain experience, but in the 
future might also be used to guide and assess treatment.7

A comprehensive history should include the location of pain, its quality, 
inciting event, exacerbating and relieving factors, associated symptoms and 
signs (e.g., numbness), interference with activities of daily living, and response 
to prior treatments. Because acute pain tends to be self-limited and the rela-
tionship to a precipitant event is more tangible, it is generally be�er tolerated 
and associated with fewer psychological sequelae.

�e severity of pain can be measured via a variety of di�erent rating scales. 
Because there are subtle di�erences between scales, repeat assessments or 
response to therapy are ideally gauged using the same instrument. For young 
children and mentally incapacitated patients, the use of age-appropriate sub-
stitute scales or facial expressions has been validated. Previous studies have 
found that for most patients, a �30% reduction in average pain constitutes 
clinically meaningful improvement.

Guidelines have concluded that pain scores comprise only one component 
of evaluation and should be considered in the context of functional capacity, 
psychological and emotional well-being, satisfaction ratings, adverse e�ects, and 
work status. It is therefore imperative that realistic goals are established, and 
individually tailored treatment regimens are developed to achieve these ends.

Distinguishing between neuropathic and nociceptive pain has important 
treatment implications (Table 27-2). Neuropathic pain is characterized by posi-
tive and negative symptoms. Negative symptoms, such as a loss of sensation, 
are usually the result of axon/neuron loss, while positive symptoms re�ect 
abnormal excitability of the nervous system. Paresthesias and other symptoms 
suggestive of sensory dysfunction are indicative of neuropathic pain, especially 
when they occur in a dermatomal or nerve distribution. Descriptors such as 
�shooting� and �electrical� are more apt to be associated with neuropathic pain, 
whereas �throbbing� and �aching� tend to be identi�ed with nociceptive pain 
states such as arthralgias. Other positive symptoms observed in neuropathic 
pain states include pain evoked by normally innocuous stimuli (allodynia) and 
an exaggerated or prolonged pain response to noxious stimuli (hyperalgesia/
hyperpathia). �e temporal relationship to activities can also provide catego-
rization clues. Whereas neuropathic pain tends to be more unpredictable than 
nociceptive pain, mechanical spinal pain is classically exacerbated by movement. 
As alluded to earlier, some conditions such as cancer may be characterized by 
aspects of both nociceptive and neuropathic pain. �ere are several patient-
report instruments available that may help to distinguish neuropathic from 

TABLE 27�2	 CATEGORIZATION OF NEUROPATHIC AND 
NOCICEPTIVE PAIN

CLINICAL 
CHARACTERISTIC NEUROPATHIC PAIN NOCICEPTIVE PAIN
Etiology Nerve injury Tissue or potential tissue 

damage
Descriptors Lancinating, shooting, 

electrical-like
�robbing, aching, pressure-

like
Sensory de�cits Frequent (e.g., numbness, 

tingling, pricking)
Infrequent and in 

nondermatomal or 
non-nerve distribution

Motor de�cits Neurologic weakness may 
be present

May have pain-induced 
weakness

Hypersensitivity Pain frequently evoked with 
nonpainful (allodynia) or 
painful (exaggerated 
response) stimuli

Uncommon except for 
hypersensitivity in the 
immediate area of an acute 
injury

Character Distal radiation common Distal radiation less common; 
proximal radiation frequent

Paroxysms Exacerbations common and 
unpredictable

Exacerbations less common 
and associated with activity

Autonomic signs Can occur in 1
3 to 1

2 of 
patients

Uncommon TREATMENT 
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Gender
Genetic
Lifestyle (active, sedentary)
Magnitude of injury or disease
Medication use
Nervous system characteristics
Physical conditioning/obesity
Sleep pattern

�����������������

Anxiety
Cognitive belief
Coping skills
Depression
Emotional stress
Negative attitude, fears
Personality
Somatization, catastrophization

�������������

Financial barriers/
  health insurance
Job satisfaction
Language and cultural barriers
Past pain experiences
Social support system
Societal expectations
Substance abuse

�������������

������
����

���������
����

Pain Sequelae

�������������

Anxiety
Cognitive impairment

Depression
Learned helplessness

Poor concentration

�������������������

Disability/impaired work function
Dysfunctional relationships

Increased suicide risk
Isolation

Social withdrawal

�����������������

Altered nociceptive pathways
Loss of gray matter/

biomechanical problems
Deconditioning

Medication use or abuse

FIGURE 27�1.  Schematic drawing of the biopsychosocial model of pain. 

intensity of spinal pain, with greater than 50% of asymptomatic individuals 
having abnormalities on lumbar, thoracic, and cervical �lms. Systematic reviews 
have found that early imaging for back pain does not improve outcomes or 
a�ect decision making, though it does lead to greater patient satisfaction and 
costs. �erefore, it should be reserved for those with serious or progressive 
neurological de�cits or �red �ags,� such as suspected malignancy, infection, 
or fractures. Some have even questioned the utility of imaging as a prognostic 
tool before procedures. In a randomized trial evaluating whether MRI improves 
treatment outcomes in patients with sciatica who were referred for epidural 
steroid injections, a preprocedure MRI was not shown to improve outcomes 
and only infrequently altered decision making. A1  For chronic pain disorders 
such as primary headaches and chronic abdominal or pelvic pain, imaging 
should be reserved for the evaluation of acute processes or a signi�cant change 
in symptoms.

Electromyography and nerve conduction studies (Chapter 368) are used 
to diagnose injury to large nerve �bers. However, these studies are associated 
with signi�cant false-negative and false-positive rates and are not sensitive in 
detecting impairment of small nerve �bers. For small �ber neuropathies, a 
skin biopsy demonstrating decreased nerve �ber density can be valuable.

Pain is a complex perceptual experience a�ected by a multitude of factors 
that includes not only activation of nociceptors, but also emotions, memory 
and cognition, social and cultural context, and expectations. Not surprisingly, 
therefore, placebo treatment has a documented although modest ability to 
reduce pain. A2 

The goals of treatment should therefore include elucidating the cause of 
pain, mitigating nociception, improving function, and alleviating su�ering. 
Su�ering can be the consequence of numerous factors that include loss of 

TREATMENT 

physical function, social isolation, family distress, and a sense of inadequacy 
or spiritual loss. The biopsychosocial model posits that biological, psychological, 
and social factors play a role in chronic pain and should be addressed. Despite 
a paucity of studies evaluating an integrative approach, a consensus exists that 
an interdisciplinary model is bene�cial. The goal of pain treatment should not 
be limited to pain reduction, but also encompass improving function, psycho-
logical comorbidities, sleep, and social interactions. It has been argued that 
treatment should be mechanism based rather than etiology or disease based, 
but simple clinical tools to correlate symptoms with mechanisms are lacking. 
The development of diagnostic methods to identify mechanisms (e.g., quantita-
tive sensory testing, intravenous infusion tests) may help develop novel target-
speci�c pharmacological agents (Fig. 27-1).

Pharmacologic Therapies
Antipyretic Analgesics

Aspirin (Chapter 76) is the most widely used analgesic in the world. Along 
with nonsteroidal anti-in�ammatory drugs (NSAID) and the antipyretic drugs 
acetaminophen and phenacetin, this group forms the cornerstone of pain phar-
macotherapy. Antipyretic analgesics exert their antinociceptive e�ects by the 
inhibition of cyclooxygenase, the rate-limiting enzyme in the production of 
prostaglandins, which sensitize nociceptors and regulate in�ammation. There 
are several pharmacologic distinctions between NSAIDs and acetaminophen. 
Whereas NSAIDs act both centrally and peripherally, making them e�ective topical 
agents for nociceptive in�ammatory conditions, the primary site of enzyme 
inhibition for acetaminophen is the central nervous system. Acetaminophen is 
also a weaker analgesic than NSAIDs and largely devoid of anti-in�ammatory  
e�ects.

The main drawback of nonopioid antipyretic analgesics is their ceiling e�ect. 
For cancer pain, the World Health Organization treatment paradigm advocates 
adding opioids to an analgesic regimen uncontrolled by NSAIDs, not replacing 
them. NSAIDs may act synergistically with opioids and have opioid-sparing 
e�ects. Although antipyretic analgesics are more e�ective in treating nociceptive 
than neuropathic pain, many neuropathic pain su�erers regularly take them.

A major concern about antipyretic agents is side e�ects. For NSAIDs, these 
include bleeding, gastrointestinal ulceration, renal toxicity, and an increased 
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risk of cardiovascular events. Although the use of cyclooxygenase-2 selective 
inhibitors such as celecoxib, or the addition of protein pump inhibitors to con-
ventional NSAIDs may attenuate the risk of bleeding and ulcers, they do not 
a�ect the incidence of adverse renal or cardiovascular events. These risks are 
signi�cantly increased in the elderly, patients with multiple comorbidities, and 
patients with polypharmacy. NSAIDs should ideally be avoided in patients on 
anticoagulants because they may increase the risk of bleeding. In view of their 
considerable risks, NSAIDs should be prescribed in the lowest dose possible, 
for the shortest duration of time, and with periodic surveillance. Because it 
possesses a more favorable safety pro�le, acetaminophen is often considered a 
�rst-line therapy before NSAIDs even for pain conditions associated with in�am-
mation. Topical NSAIDs (e.g., diclofenac) have also been shown in randomized 
controlled studies to be bene�cial for regional rheumatologic pain disorders 
and have comparable e�cacy but fewer side e�ects than systemic NSAIDs. A3 

Adjuvant Analgesics
Multiple guidelines for the treatment of chronic pain, particularly neuropathic 

pain, have been published (Table 27-3). In general, these suggest that antide-
pressants (tricyclic antidepressants [TCA] and serotonin and norepinephrine 
reuptake inhibitors [SNRI]) and anticonvulsants (gabapentin and pregabalin) 
should be the two �rst-line classes of medications for chronic neuropathic 
pain.9 Depending on the particular drug and condition, these medications can 
provide signi�cant pain relief in carefully selected patients beyond that observed 
with placebo in 15 to 30% of ideal pharmacologic candidates (i.e., number 
needed-to-treat is between 3.6 and 7.2). Whereas opioids have similar e�cacy 
for neuropathic pain, anticonvulsants and antidepressants carry a lower risk 
of serious adverse events such as abuse and long-term tolerance, rendering 
them preferable for long-standing noncancer pain. In terms of e�cacy, TCAs 
are superior to SNRIs, which in turn are more e�cacious than serotonin spe-
ci�c reuptake inhibitors (SSRIs). Amitriptyline is the most studied TCA, but its 
e�cacy is comparable to its metabolite nortriptyline and cousin imipramine. 
However, the latter two drugs� more favorable side e�ect pro�les (e.g., less 
sedation and anticholinergic activity) make them preferable for neuropathic 
pain. In patients who cannot tolerate a TCA, an SNRI such as duloxetine can 
be bene�cial. In addition to neuropathic pain, antidepressants are also e�ec-
tive in headache prophylaxis, abdominal and pelvic pain, �bromyalgia, and  
musculoskeletal pain.

Anticonvulsants are e�ective for neuropathic pain by virtue of their mem-
brane stabilizing properties. Although anticonvulsant drugs may be better than 

antidepressants for prototypical �lancinating-type� neuropathic pain, antide-
pressants are more versatile in that they have proven bene�t in myriad other 
pain conditions. Owing to their high e�cacy and favorable side e�ect pro�les, 
the gabapentinoids (gabapentin and pregabalin) are �rst-line agents for many 
forms of neuropathic pain. They have been approved by the U.S. Food and 
Drug Administration for the treatment of postherpetic neuralgia (gabapen-
tin and pregabalin), �bromyalgia (pregabalin), and neuropathic pain associ-
ated with diabetes and spinal cord injuries (pregabalin). However, pregabalin 
did not signi�cantly reduce the intensity of leg pain associated with sciatica, 
compared with placebo, over the course of 8 weeks. A4  Randomized controlled 
trials also suggest that these drugs may act synergistically with opioids and 
antidepressants,10 provide anxiolysis, and exhibit preemptive analgesic e�ects 
before surgery. A5 

,
 A6 

When gabapentinoid drugs are ine�ective or intolerable, alternative anticon-
vulsants that act via di�erent mechanisms may be employed. For trigeminal 
neuralgia, carbamazepine remains the treatment of choice, although adverse 
e�ects such as agranulocytosis limit its utility for other conditions. Other classes 
of adjuvants that may be e�ective in certain contexts include topical creams 
(e.g., capsaicin, the pungent chemical in chili pepper), N-methyl-D-aspartate 
antagonists (e.g., ketamine and dextromethorphan), skeletal muscle relaxants 
(e.g., baclofen), and cannabinoids. Topical lidocaine patches have been shown 
to reduce pain and allodynia in patients with postherpetic neuralgia and other 
neuropathic conditions. A high concentration (8%) topical patch of capsaicin has 
been demonstrated in clinical trials to provide signi�cant pain relief compared 
to placebo for postherpetic neuralgia and HIV neuropathy and is considered a 
second-line therapy for peripheral neuropathic pain states. A7  A single one-hour 
application can result in attenuation of pain for up to 12 weeks.

In recent years, the use of cannabinoids to treat acute and chronic pain 
has generated extraordinary interest. Cannabinoids exert their primary e�ects 
by binding to two receptors: CB1, which is expressed in high concentrations 
in the central nervous system (and is responsible for most of the euphoric 
and other psychological e�ects) and along pain pathways, and CB2, which is 
found mainly on immune cells in peripheral tissues, and contributes to the 
anti-in�ammatory properties. The two FDA-approved synthetic cannabinoids 
are dronabinol and nabilone, which are indicated for chemotherapy-induced 
vomiting and appetite stimulation associated with wasting illnesses. In 2018, 
the U.S. FDA approved a marijuana-derived drug, cannabidiol, for a rare form 
of severe treatment-resistant epilepsy. Despite federal laws banning the use 
of marijuana, over half the states have laws permitting medical marijuana use, 
some of which consider chronic pain to be an indication. A systematic review 
evaluating cannabinoids for chronic pain concluded there was evidence for a 
small e�ect for noncancer and cancer-related chronic pain, with the strongest 
evidence for neuropathic pain. A8  Additional e�ects that may bene�t patients 
include antiemetic and appetite-stimulating properties in cancer patients, as 
well as improved sleep and decreased anxiety. Serious side e�ects of canna-
binoids may include cognitive and motivational impairment and psychologi-
cal e�ects such as delusions, hallucinations, panic disorders, depression, and  
addiction.

Opioid Analgesics
Opioid analgesics are the cornerstone of treatment for cancer pain (Table 

27-4). Although randomized studies have found that opioids are e�ective in 
noncancer pain conditions, several reviews have concluded they provide long-
term improvement in only a minority of individuals and that their superiority to 
other analgesics and ability to improve function is inconclusive. A9  For patients 
presenting to the emergency department with acute extremity pain, there was 
found to be no signi�cant or clinically important di�erence in pain reduction at 2 
hours among single-dose treatment with ibuprofen and acetaminophen or with 
3 di�erent opioid and acetaminophen combination analgesics. A10  Optimizing 
therapy with opioid analgesics requires carefully balancing the bene�cial and 
undesirable e�ects, including addiction. Understanding the clinical pharmacology 
of opioids, including their relative potency, duration of action, bioavailability, 
and pharmacokinetics, is essential for rational use. Their use for chronic pain 
management is limited primarily by myriad side e�ects that include nausea, 
constipation, sedation, itch, respiratory depression, and endocrine de�ciency 
leading to sexual dysfunction and accelerated osteoporosis. Opioids that are 
predominantly renally eliminated, such as morphine, should be used with caution 
in patients with renal dysfunction. Two metabolites of morphine, morphine-
6-glucuronide, which contains analgesic properties, and morphine-3-glucuronide, 
which may amplify pain in certain contexts, can accumulate in patients with 
renal dysfunction. Alternative drugs include fentanyl and methadone.

The increasing use of prescription opioids for chronic pain has been associ-
ated with a more than 3-fold increase in opioid-related deaths in the early years 
of the 21st century. A synthesis of evidence suggests that among chronic pain 
patients on opioids, up to 40% exhibit aberrant drug-related behaviors, 20% 
abuse their drugs, and around 10% become addicted. These grave statistics have 
led to a recent Centers for Disease Control and Prevention (CDC) guideline for 
prescribing opioids for chronic pain. A11  The guidelines focus on three main areas:

1.	 Determining when to initiate or continue opioids for chronic pain;
2.	 Opioid selection, dosage, duration, follow-up and discontinuation; and
3.	 Assessing risks and addressing harms of opioid use.

TABLE 27�3	 INTERNATIONAL ASSOCIATION FOR THE STUDY 
OF PAIN NEUROPATHIC PAIN SPECIAL INTEREST 
GROUP �NEUPSIG� RECOMMENDATIONS FOR 
PHARMACOLOGIC TREATMENT OF CHRONIC 
NEUROPATHIC PAIN

FIRST-LINE DRUGS/DRUG CLASSES 
(STRONG RECOMMENDATIONS)

TOTAL DAILY DOSE AND REGIMEN

Gababentin 1200-3600 mg, in three divided doses
Gabapentin extended release or enacarbil 1200-3600 mg, in two divided doses
Pregabalin 300-600 mg, in two divided doses
Serotonin-noradrenaline reuptake 

inhibitors duloxetine or venlafaxine*
60-120 mg, once per day (duloxetine)
150-225 mg, once per day (venlafaxine 

ER)
Tricyclic antidepressants 25-150 mg, once per day or in two 

divided doses
SECOND-LINE DRUGS (WEAK 
RECOMMENDATIONS)
Capsaicin 8% patches (for peripheral 

neuropathic pain)
1-4 patches to the painful area for 

30-60 min every 3 months
Lidocaine patches (for peripheral 

neuropathic pain)
1-3 patches to the region of pain once 

per day for up to 12 h
Tramadol 200-400 mg, in two (tramadol extended 

release) or three divided doses
THIRD-LINE DRUGS (WEAK 
RECOMMENDATIONS)
Botulinum toxin A (subcutaneously) 50-200 units to the painful area every 3 

months
Strong opioids Individual titration

See Table 27-4
*Duloxetine is the most studied among the serotonin-noradrenaline reuptake inhibitors, and 
therefore recommended as the �rst choice; ER� extended release
Recommendations based on G�DE classi�cation, adapted from Finnerup et al. Lancet Neurol 2015.
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TABLE 27�4	 FORMULATIONS, DOSAGES, AND PHARMACOLOGIC INFORMATION ON COMMONLY PRESCRIBED OPIOIDS

DRUG

EQUI-ANALGESIC 
DOSAGE (ORAL 

UNLESS SPECIFIED)

READILY AVAILABLE 
ROUTES OF 

ADMINISTRATION
DURATION OF 

ACTION COMMENTS
PURE OPIOID AGONISTS
Morphine 30 mg IV, IM, PO, PR;

SR formulation
3-6 h for short-acting, 

8-12 h for SR
Reference standard for all opioids. Renally excreted active metabolite.

Oxycodone 20 mg PO, PR; SR 
formulation

3-6 h for short-acting, 
8-12 h for SR

Widely available in combination form with nonopioid analgesics. Greater euphoric 
e�ects than morphine. Popular among recreational users.

Hydromorphone 3-6 mg PO, PR, IV, IM, SR 
formulation

3-6 h, 18-24 h for SR Higher PO:IV conversion ratio than other opioids. SR form reserved for 
opioid-tolerant patients and contraindicated in patients with recent monoamine 
oxidase inhibitor use.

Hydrocodone 30-60 mg PO, SR formulation 3-6 h, 12-24 h for SR Wide variation in morphine equivalent dose. Most commonly prescribed opioid in 
U.S. Typically used in combination form with nonopioid analgesic 
acetaminophen. SR form available without acetaminophen.

Oxymorphone 10 mg PO, IV, IM, PR; SR 
formulation

4-8 h, 8-12 h for SR Co-ingestion of alcohol with SR formulation can lead to rapid increase in plasma 
levels and overdose. Very low (10%) oral bioavailability.

Methadone 2-20 mg PO, PR, IV 6-12 h for pain Morphine:methadone conversion varies according to dose and length of opioid 
use, ranging from 2 : 1 to �20 : 1 in patients on very high doses. Any physician 
with a schedule II DEA license may prescribe for pain. May take 5-7 days to 
reach steady state due to long half-life. EKG monitoring recommended with 
higher doses. Other properties such as NMDA receptor antagonism and 
reuptake inhibition of serotonin and norepinephrine may slow tolerance and 
increase e�cacy for neuropathic pain.

Levorphanol 4 mg PO, IM, V 4-10 h 2 : 1 oral to IV conversion ratio. Agonist at mu, kappa and delta receptors. Multiple 
mechanisms of action including inhibition of serotonin and norepinephrine 
reuptake, NDMA receptor antagonism and sigma receptor agonism. Long 
half-life exceeded only by methadone.

Fentanyl 12.5 �g/hr (TD)
100-300 �g (TM)

TD, TM 72 hours for TD;
1.5-3 h for TM

TD, TM and B formulations may be useful in patients with poor bowel function. 
Rapid onset (�10 min) iontophoretic TD system available for postoperative 
pain.

TD: Wide variation in conversion ratios and doses depending on route. Delivery 
system may be associated with fewer gastrointestinal side e�ects and include 
buccal, sublingual, and intranasal routes.

TM delivery associated with more rapid (10 min) onset than immediate release 
oral opioids. FDA approved for breakthrough cancer pain in opioid-tolerant 
patients.

Approximately 40% greater bioavailability for transmucosal �lms and sprays than 
lozenges and tablets.

Sufentanil 15-30 �g TM 1.5-3 h Rapid onset, wide variation in conversion ratio. For use only in health care and 
ba�le�eld se�ings. 15 and 30 �g dosages approved in Europe; 15 �g dosage 
approved in the United States.

Codeine 200 mg PO, PR, IM, SR 
codeine 
combination 
product available as 
cough suppressant

3-6 h, 8-12 h for SR O�en used in combination with nonopioid analgesics. E�cacy and side e�ects 
may be a�ected by rate of metabolism to active metabolite morphine, which 
varies signi�cantly. Popular as cough suppressant.

Propoxyphene 200 mg PO, PR 3-6 h Removed from market in U.S. Wide variation in morphine equivalent dose. O�en 
used in combination form with nonopioid analgesic. Toxic metabolite may 
accumulate with excessive use, especially in elderly. Weak antagonist at NMDA 
receptor.

Meperidine 300 mg PO, PR, IM, IV 2-4 h Toxic metabolite may accumulate with excessive use, especially in patients with 
renal insu�ciency. Associated with tachycardia and hypertension. Concurrent 
use with monoamine oxidase inhibitors may result in fatal reactions. May cause 
more �euphoria� than other opioids. IM absorption erratic.

AGONIST-ANTAGONISTS, PARTIAL AGONISTS
Buprenorphine

Buprenorphine/
Naloxone (4 : 1 
ratio for opioid 
addiction)

0.3-24 mg SL
5-70 �g/h (TD)
2-24 mg/d

TM, PR, IV, TD 8-12 h for TM, 7 d 
for SR, once daily 
for stable 
buprenorphine/
naloxone 
combination

Partial �-agonist �-antagonist that may precipitate withdrawal in opioid-dependent 
patients on high doses. Lower abuse potential and fewer side e�ects than pure 
agonists. Not readily reversed by naloxone. Schedule III drug in U.S. Primarily 
used in combination with naloxone as sublingual or buccal tablets and �lms for 
opioid dependence. May prolong QT interval.

Butorphanol 1 mg/spray, repeat 
a�er 60-90 min 
(IN)

1-2 mg (IV/IM)

IN, IM, IV, PO 3-5 h Mixed agonist and antagonist at �-receptor and antagonist at �-receptor. 
Commonly used as nasal spray to treat migraine headache and less commonly 
for labor pain. Signi�cant abuse potential.

Nalbuphine 1 : 1 parenteral ratio SC, IM, IV 3-6 h Mixed agonist-antagonist, o�en used for labor and delivery. Sometimes used to 
treat refractory opioid-induced pruritus.

Pentazocine
Pentazocine/

Naloxone 
(Talwin) 
(100 : 1 ratio of 
pentazocine to 
naloxone)

90 mg PO, SC, IM, IV 3-4 h parenteral,
3-8 h PO

Mixed agonist-antagonist. Negative entantiomer is kappa agonist. Naloxone added 
in 1970s (e.g., Talwin) to prevent abuse. Commonly prescribed in preparation 
with acetaminophen. Schedule IV controlled substance in the United States.
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The 12 primary recommendations in the CDC guideline are:
1.	 Nonpharmacologic and nonopioid pharmacologic therapy are preferred 

and should be utilized before initiating opioid therapy.
2.	 Establish realistic goals before starting opioid therapy and discuss how 

therapy will be discontinued if bene�ts do not outweigh risks.
3.	 Before initiating and periodically during opioid therapy, discuss known 

risks and realistic bene�ts of therapy.
4.	 Initiate therapy with immediate-release opioids.
5.	 Start with the lowest e�ective dose, carefully reassess bene�ts and risks 

when dosage is increased beyond 50 morphine mg equivalents (MME) per 
day, and try to avoid dosages greater than 90 MME per day.

6.	 The treatment of acute pain with opioids should be usually limited to 3 
days or less and rarely beyond 7 days.

7.	 Evaluate the patient within 1 to 4 weeks after starting opioids and reevalu-
ate the bene�ts and harms of opioid therapy within 3 months.

8.	 Before starting opioid therapy and during treatment, risk factors for harm 
should be evaluated and strategies to mitigate risk, such as o�ering nal-
oxone, should be considered.

9.	 Review the patient�s history of controlled substance prescriptions using 
state prescription drug monitoring programs.

10.	 Use urine drug screening tests before initiating opioid therapy and at least 
annually subsequently.

11.	 Try to avoid using opioids and benzodiazepines concurrently.
12.	 For patients with opioid use disorder, o�er or arrange treatment with 

buprenorphine or methadone in combination with behavioral therapies.
In summary, when considering a trial with opioids, health care providers 

need to consider disease pathology, assess traits such as compliance and 
responsibility, perform risk strati�cation, and monitor for prede�ned treatment 
goals and aberrant drug-related behaviors (Fig. 27-2).

The long-term use of opioids can be associated with tolerance and physical 
dependence. Cross-tolerance among opioids is incomplete, and a strategy often 
used when tolerance is suspected is rotation to an alternative opioid, which 
may result in a 30 to 50% reduction in the equianalgesic dose. Tramadol and 
tapentadol represent a class of analgesic drugs that have dual mechanisms of 
action. Tramadol is a weak agonist that inhibits the reuptake of norepinephrine 
and serotonin. Along with the typical opioid-related side e�ects, seizures have 
been reported. Tapentadol functions as a �-opioid agonist and a norepinephrine 
reuptake inhibitor and is slightly stronger than tramadol.

Butorphanol, nalbuphine, and pentazocine are opioid agonist-antagonist drugs 
that can antagonize the actions of �-opioid agonists and cause psychotomimetic 
e�ects due to their actions on the �-opioid receptor. These drugs should be 
used with caution, particularly in patients receiving other �-opioid agonists, 
because they may precipitate withdrawal or reduce the e�ectiveness of pure 
opioid agonists. Buprenorphine, a partial agonist at the �-opioid receptor and 
an antagonist at other opioid receptors, is available in various formulations, 
including a once-per-week transdermal patch for pain, and in combination 
with naloxone for the treatment of opioid addiction.

Combination Therapies
Guidelines suggest that when monotherapy is ine�ective, multiple agents 

may be employed. The rational use of polypharmacy should include drugs that 
act at di�erent sites in the pain signaling process and ideally have antagonistic 
adverse e�ects (Fig. 27-3). Controlled trials have found that gabapentin and 
nortriptyline, gabapentin and morphine, and nortriptyline and morphine provide 
superior bene�t than either drug alone for neuropathic pain. A12  In patients with 
chronic low back pain, however, gabapentinoids appear to be of limited value 
with an unimpressive bene�t-risk ratio. A13 

Psychological Treatment
The relationship between pain and psychopathology is complex. The lifetime 

prevalence of coexisting psychiatric illness in chronic pain patients ranges from 
50% to over 80%. Between 30% and 60% of chronic pain su�erers experience 
symptoms of depression, making it the most common comorbidity. For anxiety 
disorders and substance abuse, co-prevalence rates are around 30% and 10 to 
15%, respectively. But whereas it is widely acknowledged that chronic pain 
can predispose patients to depression, anxiety, substance abuse, and suicide, 
what is less commonly appreciated is that coexisting psychopathology is a 
strong predictor for the development of chronic pain after an acute pain episode, 
(e.g., back pain episode, surgery) and is associated with poorer treatment 
outcomes.11, A14 

It is incumbent upon practitioners to screen all pain patients for psychologi-
cal conditions that can adversely impact treatment (Table 27-5). Not only major 
psychiatric conditions such as depression and generalized anxiety, but also 
maladaptive behaviors and secondary diagnoses such as somatization disorder 
and poor coping skills, can negatively in�uence treatment.

Relaxation techniques such as biofeedback and guided imagery have proven 
e�ective in a wide array of acute and chronic pain conditions, but may be 
especially useful in individuals with high levels of anxiety. Cognitive behavioral 
therapy is a structured form of psychotherapy predicated on the replacement 
of negative thought patterns and behaviors with more constructive ones. 
This treatment enhances inhibitory pain signals and can also be e�ective for 
associated symptoms such as fatigue and insomnia. Ideal candidates include 
motivated patients in whom distorted thinking (e.g., catastrophization) and 
counterproductive behaviors amplify pain behavior. Two-year follow-up of a 
randomized clinical trial of mindfulness-based stress reduction (MBSR) versus 
cognitive behavioral therapy (CBT) or usual care for chronic low back pain 
found that signi�cant between-group di�erences were sustained only between 
CBT and usual care; there was some diminution of superior e�ects of MBSR 
relative to usual care after 1 year. A15  In patients with personality disorders and 
ingrained maladaptive behaviors, long-term psychotherapy may be necessary.

Interventional Therapies: Nerve Blocks, 
Neuromodulation, and Surgery
Nerve Blocks

Injections may be performed for therapeutic, diagnostic, and prognostic 
purposes. Mechanistically, injections performed with local anesthetic may 
work by releasing entrapped nerves, enhancing blood �ow, and interrupting 
processes involved in central sensitization (i.e., �breaking the cycle of pain�). 
Additional bene�ts of adding corticosteroid to local anesthetic include block-
ing the in�ammatory cascade, suppressing ectopic discharges from injured 
nerves, and inhibiting the synthesis of prostaglandins, some of which sensitize 
nociceptors.

Nerve blocks have come under increased scrutiny because of rising utiliza-
tion. In appropriate patients, injections can provide intermediate-term pain 
relief, facilitate rehabilitation, and improve quality of life. But the rapid surge 
in use alters the risk-bene�t ratio, as patients unlikely to bene�t undergo treat-
ment. Patients with concomitant psychosocial issues (e.g., secondary gain, 
untreated depression), greater disease burden, taking opioids, and with imaging 
or exam �ndings discordant with their symptoms are unlikely to bene�t from 
procedures. In those who do bene�t, translating the temporary relief a�orded 
by targeted medication delivery into long-term improvement necessitates 
addressing the underlying etiologies and predisposing factors, which often 
entails psychotherapy and rehabilitation. Injections that can provide bene�t 
in carefully selected individuals include trigger point injections for myofascial 

TABLE 27�4	 FORMULATIONS, DOSAGES, AND PHARMACOLOGIC INFORMATION ON COMMONLY PRESCRIBED OPIOIDS�cont�d

DRUG

EQUI-ANALGESIC 
DOSAGE (ORAL 

UNLESS SPECIFIED)

READILY AVAILABLE 
ROUTES OF 

ADMINISTRATION
DURATION OF 

ACTION COMMENTS
WEAK, DUAL-ACTION OPIOID AGONISTS
Tramadol 150-300 mg PO 4-6 h, 24 h for SR Dual action involves inhibition of serotonin and norepinephrine reuptake. A�nity 

for �-opioid receptor 6000� less than morphine. Analogue of codeine with 
active metabolite in which di�erences in metabolism may in�uence drug e�ects. 
Available in combination form with acetaminophen. Maximum recommended 
dose of 400 mg/d. Avoid concurrent use of monoamine oxidase inhibitors. 
Recently moved to FDA category schedule IV in U.S.

Tapentadol 75-110 mg PO 4-6 h, 12 h for SR Dual action involves inhibition of norepinephrine reuptake. May have fewer of 
certain side e�ects than morphine, such as gastrointestinal and respiratory 
depression. Maximum dose 600 mg/d. Avoid concurrent use of monoamine 
oxidase inhibitors. Schedule II in U.S. Approved for diabetic neuropathy.

PO � oral; PR � rectal; IV � intravenous; IM � intramuscular; IN � intranasal; SL � sublingual; TD � transdermal; TM � transmucosal; B � buccal; NMDA � N-methyl-�-aspartate; SR � sustained release
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Baseline risk factors for abuse

�������������

History of substance
abuse or cigarette smoking

Major psychiatric comorbidity

Prior sexual or physical abuse

������

Dysfunctional subculture

Poor social support

Previous legal problems/
motor vehicle accidents

��������

Age � 45 years

Genetics/family history of
substance abuse

Male gender

���������������
�
���
����������������
���
��
���

Syndromes rather than disease entities (e.g., 
fibromyalgia, irritable bowel syndrome)

High baseline disease burden (e.g., disability)
Nonorganic signs (e.g., Waddell sign)
Discrepancy between pain scores and test 

results (e.g., normal MRI)

	������
����������

Discrepant pill counts or urine toxicology results
Lost or stolen medications or prescriptions
Requests for early refills
Disheveled appearance
Misses nonopioid refill appointments, but not 

refill appointments for opioids
Forged or stolen prescription pads
Only opioids, or one type (e.g., oxycodone) or 

route (e.g., IV) of administration is effective

�������
����
��
������������

FIGURE 27�2.  Factors associated with opioid abuse and/or treatment failure. 

pain, intra-articular injections for chronic osteoarthritis, and nerve blocks with 
corticosteroid for nerve entrapment syndromes. Biological therapies such as 
platelet rich plasma have shown modest results in the treatment of musculo-
skeletal disorders and are being increasingly employed to treat peripheral nerve 
injuries, but the evidence for bene�t over other treatments, or for long-term 
bene�t, is weak. A16 

,
 A17  Among spinal injections, the strongest evidence is for 

epidural steroid injections in patients with acute or subacute radicular pain.12 
In individuals with spinal pain secondary to facet joint arthritis, there is mixed 
evidence supporting radiofrequency denervation. In patients with cancer pain, 
neurolytic procedures targeting the celiac plexus for upper abdominal pain 
and superior hypogastric plexus for pelvic pain may provide signi�cant bene�t 
lasting several months.

Electrical Stimulation/Neuromodulation
Electrical stimulation has been used for millennia to treat pain. The most 

common form of electrical stimulation is transcutaneous electrical nerve stimu-
lations (TENS), whereby electrical current is used to stimulate nerves. The evi-
dence supporting TENS to treat chronic pain is mixed, with one criticism being 
that the bene�t is short-lasting. Spinal cord stimulation is a neuromodulatory 
technique for managing refractory chronic pain in which an electrode is inserted 
epidurally to stimulate the dorsal column. It was developed based on the gate-
control theory which postulates that activation of peripheral sensory A-�bers 
can attenuate pain signaling by slower-conducting pain C-�bers. Although 
originally intended to treat neuropathic pain, technological advances such as 
high frequency and burst stimulation may also provide bene�t for nociceptive 
conditions. The most common indications for dorsal column stimulation are 
postlaminectomy syndrome, complex regional pain syndrome, diabetic neu-
ropathy, and ischemic pain associated with peripheral vascular disease or angina. 
In patients with intractable chronic pain unresponsive to conservative measures, 
deep brain and motor cortex stimulation may provide bene�t for conditions 
such as phantom limb pain, cluster headache, and central pain.

Surgery
Surgical interventions are often advocated in patients who have failed con-

servative measures. A traumatic neuroma is an inexorable consequence of 
cutting or burning a nerve, formed as a result of unregulated and disorganized 

nerve regeneration. Neuromas have been shown to �re ectopic pain signals 
and are often quite painful. Hence, neurolytic procedures are rarely successful 
in the long-term treatment of neuropathic pain. Part of the challenge in decid-
ing when operative therapy is indicated revolves around the di�culty involved 
in establishing a causative relationship between the targeted pathology and 
pain. For spinal decompression, the incidence of chronic postsurgical pain bears 
little relationship to the size of disc herniation, which suggests that the targeted 
pathology may not be the primary cause of symptoms. Similarly, scar tissue is 
a predictable sequelae of surgical treatment, but lysis of adhesions is only 
infrequently associated with long-term symptom palliation because of the high 
recurrence rate and absence of reliable means to correlate the presence of 
adhesions with pain. Not surprisingly, surgery done solely to remove a painful 
body part (e.g., orchiectomy) rarely results in long-term bene�t.

Back Pain
Back pain is the leading cause of disability in the world. The American College 

of Physicians has published clinical guidelines for noninvasive treatments for 
acute, subacute, and chronic low back pain in adults. In 3 randomized clinical 
trials in patients with chronic low back pain, radiofrequency denervation com-
bined with a standardized exercise program resulted in no improvement or no 
clinically important improvement compared with a standardized exercise program 
alone. A18  In patients who present with serious spinal pathology (tumor, trauma), 
decompression, stabilization, and fusion can be bene�cial, but outcomes are 
strongly dependent on patient selection. Randomized studies have determined 
that decompression procedures done for radiculopathy and spinal stenosis are 
e�ective for short-term pain relief, but most demonstrate no long-term (�2 
years) improvement compared to conservative treatment. A19 

,
 A20  For fusion or 

disc replacement performed for mechanical pain associated with common 
degenerative changes, randomized trials suggest that no more than one third 
of patients can expect signi�cant pain relief or a highly functional outcome, 
with the results diminishing over time A21 

,
 A22  (Table 27-6).

Physical Treatments
The use of �physical� therapies to provide pain relief and enhance function 

is a cornerstone in the integrative treatment of the pain patient. Physical 





 FUTURE DEVELOPMENTS
Most people will develop an acute pain episode, but only a small percentage 
will go on to develop chronic pain. Two related areas receiving signi�cant 
research a�ention involve the genotyping and phenotyping of chronic pain 
patients, which may be used to both identify individuals at high risk for chroni-
�cation of pain and to guide treatment. �e conceptual appeal of these endeavors 
is that tailored pain treatment may result in greater bene�t and less harm than 
a shotgun approach.

Regenerative therapies, which seek to facilitate the body�s ability to repair, 
replace, restore, or regenerate diseased or damaged tissue, is another frontier 
in pain medicine. Whereas some of these treatments such as platelet-rich 
plasma are commonly used to treat musculoskeletal conditions with mixed 
results, others such as stem cell therapy, which is being investigated as a treat-
ment for nerve injury and degenerative conditions, are in more preliminary 
stages of development.

In addition to preventing the development of chronic pain, another top 
National Institutes of Health chronic pain research priority is the establish-
ment of registries. Unlike controlled trials which measure e�cacy in small, 
carefully, selected populations, registries can provide a be�er measure of 
e�ectiveness in large populations treated under real-life conditions, as well as 
important information about who is likely to bene�t from a treatment.

Finally, the specialty of pain medicine must face the reality of spiraling 
health care costs by developing cost-e�ectiveness treatment models. Clinical 
trials evaluating new therapies should measure not only subjective outcomes 
such as pain scores, but also objective ones that can result in societal cost 
savings, such as return to work. Proving that new treatments are more e�ective 
than existing rather than placebo treatments should be a cornerstone of future 
clinical research.
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ABSTRACT
Only a minute fraction of the ~billion compounds known in chemical space 
share the property of inducing addiction: compulsive drug intake despite 
adverse consequences. Such compounds are termed drugs of abuse. Despite 
their very di�erent chemical structures and very di�erent initial protein targets 
in the brain, all drugs of abuse converge on the brain�s reward circuity which 
evolved to regulate responses to natural rewards in the environment such as 
food, sex, and social interaction. �is convergent action includes increasing 
dopaminergic neurotransmission from the midbrain ventral tegmental area 
to the nucleus accumbens in the basal forebrain as well as the activation of 
several other reward-related neurotransmi�er systems. Repeated exposure to 
drugs of abuse, and the repeated activation of these acute reward mechanisms, 
induces pathologic changes in individual reward neurons and in the function-
ing of the overall brain reward circuitry that drive an individual�s compulsive 
drug use. �e ability of a drug to induce such changes and therefore addiction 
is highly heritable with roughly 50% of the risk being genetic, and speci�c 
genes that comprise this risk are at long last being identi�ed.
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and consummatory behaviors. Several interconnected neural circuits, highly 
conserved in evolution, control an individual�s responses to rewarding and 
aversive stimuli (E-Fig. 28-1). Dopamine-releasing neurons in the ventral 
tegmental area (VTA) of the midbrain and their major target neurons in the 
nucleus accumbens (NAc) in the ventral striatum serve as a rheostat that 
detects and drives responses to rewards and threats. �e amygdala and hip-
pocampus are crucial for forming reward- and fear-related memories. �e 
dorsal striatum (caudate and putamen) mediates well-learned behaviors and 
habits. Finally, several regions of the prefrontal cortex exert executive control 
over these subcortical systems. Addiction involves abnormal functioning of 
this entire circuit.5

�e neurotransmi�er dopamine, released from VTA nerve terminals in the 
NAc, plays the key (albeit not the only) role in binding rewards and reward-
associated cues to adaptive reward-seeking responses. In animals, implanted 
electrodes can record �ring of dopamine neurons; microdialysis catheters 
and electrochemical methods can be used to detect dopamine that has been 
released from presynaptic terminals. In humans, positron emission tomogra-
phy (PET) permits indirect measures of dopamine release by observing the 
displacement of a positron-emi�ing D2 dopamine receptor ligand previously 
bound to receptors a�er a stimulus or pharmacologic challenge. By use of 
such methods in multiple paradigms, it has been well established that natural 
rewards cause �ring of VTA neurons and dopamine release in the NAc and 
other forebrain regions. When dopamine action is blocked, whether by lesion-
ing of dopamine neurons, blocking of postsynaptic dopamine receptors, or 
inhibition of dopamine synthesis, rewards no longer motivate the behaviors 
necessary to obtain them.

New insights into the role of dopamine have emerged from studies of patients 
with Parkinson disease (Chapter 381). Parkinson disease results from the 
death of midbrain dopamine neurons; however, neurons within the substantia 
nigra, which project to the dorsal striatum, are more severely a�ected than 
neurons within the VTA. Patients are generally treated with �-dopa, a dopa-
mine precursor, but as the disease progresses, other drugs may be needed, 
including selective D2 dopamine receptor agonists. Relevant to this discussion 
is that a minority of patients treated with D2 dopamine receptor agonists 
develop new risky, goal-directed behaviors, such as compulsive gambling or 
shopping. �ese behaviors generally cease when the drug is withdrawn. It is 
thought that whereas dopamine receptor agonists produce therapeutic e�ects 
on motor behavior in the more fully denervated dorsal striatum, they can 
combine with endogenous dopamine from preserved VTA neurons to over-
stimulate the NAc and other components of the reward circuitry. �ese obser-
vations not only underscore the role of dopamine in motivation and reward 
seeking but also suggest that behavioral addictions share neural substrates 
with drug addiction.6

Much evidence suggests that the precise pa�ern of dopamine neuron �ring 
and the resulting synaptic release of dopamine in forebrain circuits act to 
shape behavior so as to maximize future reward. In a basal state, dopamine 
neurons have a slow tonic pa�ern of �ring. When a reward is encountered 
that is new, unexpected, or greater than expected, there is a phasic burst of 
�ring of dopamine neurons causing a transient increase in synaptic dopamine. 
When a reward is predicted from known cues and is exactly as expected, there 
is li�le change from the tonic pa�ern of �ring, that is, only small additional 
dopamine release. When a predicted reward is omi�ed or less than expected, 

the phenomenon of late, post-detoxi�cation relapse would not be the major 
clinical problem that it is. Although these forms of homeostatic adaptation 
play a role in addiction, as will be described, other types of plasticity within 
the nervous system are more signi�cant.

  RISK FACTORS FOR ADDICTION
Only a minority of individuals who use drugs go on to become addicted. �e 
best-established risk factors for addiction are male sex and family history. 
Across countries and cultures, males have a greater risk for both heavy drug 
use and addiction, with risk ratios in the range of 1.4 : 1 to 2 : 1. In recent years, 
however, the sex ratios have narrowed in many countries, especially for tobacco 
use and alcohol. Moreover, females who succumb to addiction tend to do so 
more quickly a�er initial drug exposures, and drug use during pregnancy can 
have enormously deleterious e�ects on the fetus.

Genes play the preponderant role in familial risk as evidenced by twin and 
adoption studies.2,3 Twin studies consistently show higher rates of concordance 
for heavy drug use and addiction within monozygotic twin pairs than within 
dizygotic twin pairs. Adoption studies that have been performed in several 
Scandinavian countries and in the United States have focused mostly on alco-
holism. �ese studies demonstrate that individuals adopted early in life tend 
to resemble their biologic rather than their adoptive parents with respect to 
pa�erns of alcohol use. Large population genetic studies suggest that the heri-
table risk for addiction to any of several substances, including opiates, stimulants, 
nicotine, alcohol, and marijuana, is roughly the same and varies between 20 
and 60%, depending on the study.

Although genes clearly play a signi�cant role in vulnerability to addiction, 
few of the speci�c genetic variants that confer risk have been identi�ed with 
certainty. Like all common neuropsychiatric disorders, addiction risk is highly 
genetically complex; there is evidence from linkage and association studies 
for contributions by a large number of genetic variants of relatively small 
e�ect. �e strongest genetic risk factors identi�ed to date are variations in 
genes that encode acute drug targets, such as nicotinic cholinergic receptor 
subunits, although each contributes only a very small portion of the overall 
heritable risk.4 Large genome-wide association studies and exome and whole 
genome sequencing studies are continuing. However, the task of gene iden-
ti�cation is complicated by the challenges of phenotype de�nition. �ere are 
no objective medical tests with which to make the diagnosis, and there may 
be independent genetic and nongenetic risk factors for di�erent stages of 
substance use disorders, such as drug experimentation, addiction, and treat-
ment responsiveness. Moreover, twin and family studies suggest that there 
may be both shared and unshared genetic risk factors underlying addictions 
to di�erent drugs. As in other genetically complex disorders, it is hoped that 
with the identi�cation of multiple risk-conferring variants, it will be possible 
to identify biochemical pathways involved in addiction pathogenesis, which 
will then suggest potential targets for new and more e�ective treatments.

  REWARD CIRCUITRY: THE NEURAL SUBSTRATE 
OF ADDICTION

�e survival and perpetuation of species require that animals, including humans, 
learn to predict threats and also learn the circumstances under which they 
can obtain �rewards,� such as food, water, shelter, and opportunities for mating. 
A simple operational de�nition of reward is a stimulus that elicits approach 

TABLE 28�1	 PROPERTIES OF ADDICTIVE DRUGS
DRUG NEUROTRANSMITTER DRUG TARGET EFFECT AFTER BINDING
Opiates (morphine, heroin, oxycodone) Endorphins; enkephalins � and � opioid receptor (agonist) Activate Gi/Go; activate K� channels
Psychostimulants (cocaine, amphetamines) Dopamine (DA) Dopamine transporter (DAT)* 

(antagonist)
Increase synaptic DA; stimulate presynaptic 

and postsynaptic DA receptors
Nicotine Acetylcholine Nicotinic acetylcholine receptor 

(nAChR) (agonist)
Stimulate cation channel (may desensitize)

Alcohol �-Aminobutyric acid (GABA) GABAA receptor (agonist) Activate Cl� channel
Glutamate N-methyl-�-aspartate (NMDA) 

receptor (antagonist)
Inhibit Na�/Ca2� entry

Marijuana (�9-tetrahydrocannabinol) Anandamide; 2-arachidonoylglycerol Cannabinoid CB1 (agonist) Activate Gi/Go; activate K� channels
Phencyclidine, ketamine NMDA receptor (antagonist) Inhibit Na�/Ca2� entry
*�e psychostimulants also interact with the norepinephrine and serotonin transporters, but under normal conditions, it is the DAT that is critical for rewarding and addictive properties. Unlike cocaine, 
amphetamines enter dopamine nerve terminals through the DAT and interact with a second target, the vesicular monoamine transporter (VMAT), to release DA into the cytoplasm and thence, through the 
DAT, to release it into the synapse.
Modi�ed from Hyman SE, Malenka RC, Nestler EJ. Neural mechanisms of addiction: the role of reward-related learning and memory. Annu Rev Neurosci. 2006;29:565-598.
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E�FIGURE 28�1.  Brain reward circuits. The major dopaminergic projections to the 
forebrain that underlie brain reward are shown superimposed on a diagram of the human 
brain: projections from the ventral tegmental area to the nucleus accumbens, amygdala 
(not shown), hippocampus (not shown), and prefrontal cerebral cortex. Also shown are 
projections from the substantia nigra to the dorsal striatum (caudate and putamen and 
related structures) that play a role in habit formation and other deeply ingrained motor 
behaviors, including those related to drug consumption. (From Hyman SE, Malenka RC, 
Nestler EJ. Neural mechanisms of addiction: the role of reward-related learning and 
memory. Annu Rev Neurosci. 2006;29:565-598.)



in synaptic weights, such as long-term potentiation or long-term depression, 
and physical remodeling of dendritic spines. Processes of drug sensitization 
(or reverse tolerance), demonstrated in animal models and in humans, may 
contribute to these memory-related phenomena.

�e centrality of associative learning mechanisms for addiction was �rst 
recognized from clinical observation: much drug taking and, most notably, 
late relapses follow exposure to cues previously associated with drug use. Cues 
that can reinitiate drug use include environmental stimuli (e.g., persons with 
whom drugs have been used, drug paraphernalia) and body feelings. Because 
addictive drugs reliably increase synaptic dopamine and other reward-related 
neurotransmi�ers as a result of their direct pharmacologic actions�indeed, 
they produce excessive and grossly distorted reward signals�the brain receives 
a powerful impetus to connect the circumstances in which the drugs have 
been used with the motivation to take drugs again. Even if the drug is no 
longer pleasurable, the signals continue to reinforce drug wanting and seeking. 
Moreover, the certainty and magnitude of these signals give drugs a marked 
advantage over natural rewards and other learned goals, including prosocial 
activities.

In the laboratory, it has been possible to study the e�ects of drugs and drug 
cues on neural circuits, physiology, and subjective responding in addicted 
human subjects. For example, drug-associated cues have been shown to elicit 
drug urges and physiologic responses (such as sympathetic activation) as well 
as activation of reward circuits in addicted human subjects. By positron emis-
sion tomography, cocaine-related cues have been shown to elicit dopamine 
release in striatal regions of addicted subjects.

Investigations at the cellular and molecular levels have begun to identify 
the physiologic and molecular changes that underlie the e�ects of addictive 
drugs on reward-related memory processes. Among psychotropic drugs that 
have been examined, only those drugs that can cause addiction produce long-
term potentiation in brain reward circuits including the VTA. Addictive drugs 
also activate transcription factors, such as the cyclic adenosine monophos-
phate response element binding protein (CREB), and alter the composition 
of activator protein 1 (AP-1) complexes (composed of Fos and Jun families 
of transcription factors) in brain reward circuits.9 Cocaine, opiates, and other 
addictive drugs have been shown to regulate many genes downstream of CREB, 
AP-1, and other transcription factors. As well, it has been increasingly possible, 
through the use of genetically modi�ed mice and virus-mediated gene transfer, 
to directly demonstrate the involvement of these transcriptional mechanisms 
in the range of behavioral abnormalities induced by repeated drug exposure 
in animal models. However, it is far more challenging to determine which 
drug-regulated proteins are causally involved in human addiction. Part of 
the challenge is that, whereas rodent models have provided many insights 
into drug action and behavior, it is di�cult to model human compulsion in 
animals, that is, to model a free-living and independent person who loses 
control over drug use while experiencing the negative consequences of that 
use. �at said, a growing body of knowledge is emerging about the neural 
and molecular processes that produce addiction, with the hope of translating 
these advances into medical diagnostic tests and more e�ective treatments of 
addictive disorders.
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dopamine neurons pause their �ring to levels below their tonic rate. Phasic 
increases in synaptic dopamine signify that the world is be�er than expected, 
facilitate learning of new predictive information, and bind the newly learned 
predictive cues to action.

Dopamine is not the only neurotransmi�er that signals reward. Others, 
including acetylcholine, endogenous opioid peptides (e.g., enkephalin and 
endorphin), and endogenous lipid substances called endocannabinoids (because 
cannabinoid drugs like marijuana are agonists at their receptors), are also 
released in the reward circuitry in response to natural rewards.

  PROPERTIES OF ADDICTIVE DRUGS
Addictive drugs are chemically diverse and interact with di�erent molecular 
targets in the nervous system (Table 28-1). �ey also exhibit signi�cant dif-
ferences from each other in many of their physiologic and behavioral e�ects. 
For example, cocaine and amphetamines are stimulants; they increase arousal, 
may cause anxiety, and at lower doses enhance cognitive performance. Alcohol 
is a depressant, is anxiolytic at low doses, and degrades cognitive performance. 
Heroin and other opiates are analgesic and cause drowsiness, constipation, 
and pupillary constriction. �e shared behavioral e�ect of all addictive drugs 
is the liability, in vulnerable individuals, of causing compulsive use. �e shared 
pharmacologic property that is a major mediator of addiction is the ability to 
increase levels of synaptic dopamine in the NAc and other forebrain regions. 
For example, cocaine blocks the dopamine uptake transporter that normally 
clears dopamine from synapses. Amphetamines cause reverse transport of 
dopamine into synapses through the dopamine uptake transporter. Opiates, 
nicotine, alcohol, and cannabinoids cause dopamine release, acting by di�erent 
initial mechanisms to stimulate VTA dopamine neurons or to release them 
from resting inhibitory control. Each of these other drugs also induces reward 
through nondopamine mechanisms, that is, through activating cholinergic, 
opioid, or cannabinoid receptors within the reward circuitry (Table 28-1).

Natural rewards, such as food or sexual opportunities, regulate the �ring 
of dopamine neurons through highly processed sensory information, both 
external and interoceptive. Addictive drugs short-circuit this kind of informa-
tion processing by acting directly on proteins that control dopamine and other 
signals in the reward circuitry. Acting by such direct pharmacologic mecha-
nisms, addictive drugs typically produce greater quantities of synaptic dopamine 
and other reward-related neurotransmi�ers over longer times than natural 
rewards do. In addition, addictive drugs provide a grossly pathologic learning 
signal by occluding pauses in dopamine and other neuron �ring even when 
drug use proves less pleasurable than expected or even aversive. For example, 
when the inhalation of a smoker causes painful coughing, it might seem that 
the brain would signal an experience that is worse than expected with a result-
ing decrement in VTA neuron �ring rate. However, because nicotine causes 
dopamine release pharmacologically, independent of the smoker�s actual 
experience, reward circuits, unavailable to conscious introspection, still receive 
a positive message that reinforces nicotine seeking and nicotine use. In short, 
addictive drugs, by virtue of their e�ects on dopamine and related neurotrans-
mi�ers, always signal �be�er than expected.�

  DRUG�INDUCED NEURAL PLASTICITY 
RELEVANT TO ADDICTION

Neurobiologic research on addiction has focused intensely on compulsive 
aspects of drug use, the ability of speci�c cues to activate drug seeking and 
craving, and the long persistence of stress and cue-dependent relapse risk. As 
described previously, compulsive drug use and the power of drug-associated 
cues re�ect the usurpation of the brain�s reward circuitry by drugs of abuse.7 
�e persistence of addiction re�ects long-term changes in neurons and synapses 
and their interacting circuits. Research during more than a decade has identi-
�ed long-term changes in gene expression resulting from use of addictive 
drugs; recently, some long-lived alterations in gene expression have been 
a�ributed to drug-induced epigenetic mechanisms, such as modi�cations of 
chromatin.8

Long-term changes in gene expression may render the addicted person 
susceptible to stress and may also create persistent changes in hedonic state 
and mood regulation that may motivate drug taking. By themselves, however, 
changes in gene expression do not explain the ability of exquisitely speci�c 
cues to activate drug seeking or, if seeking is impeded, intense subjective drug 
craving. �e ability of speci�c cues to activate drug seeking and wanting is 
based on long-term associative memories consolidated under the in�uence 
of dopamine and other reward signals. Long-term memory formation repre-
sents perhaps the most persistent changes in brain function that may occur 
in adult life. �e neural substrates of memory are likely to include alterations 
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4.	 Which of the following properties is unique to a drug of abuse?
	A.	 It increases dopamine signaling from the ventral tegmental area to the 

nucleus accumbens.
	B.	 It increases dopamine signaling from the substantia nigra to the dorsal 

striatum.
	C.	 It decreases dopamine signaling from the substantia nigra to the dorsal 

striatum.
	D.	 Its repeated use is associated with tolerance.
	E.	 Its repeated use is associated with dependence and withdrawal.

Answer: A  All drugs of abuse share only one property: increasing dopamine 
transmission from the ventral tegmental area to the nucleus accumbens. Choices 
B and C are incorrect. Although drugs of abuse do cause tolerance and depen-
dence/withdrawal (choices D and E), many nonabused drugs do so as well. 

5.	 Which of the following is NOT a known mechanism of a drug of abuse?
	A.	 Cannabinoid receptor agonist
	B.	 Nicotinic cholinergic receptor agonist
	C.	 NMDA glutamate receptor antagonist
	D.	 GABAA receptor agonist
	E.	 Dopamine receptor antagonist

Answer: E  All drugs of abuse increase dopamine signaling; a dopamine recep-
tor antagonist would block some of the actions of a drug of abuse. All other 
answers are known mechanisms of a drug of abuse.

REVIEW QUESTIONS
1.	 In addition to dopamine, all of following are important mediators of reward 

signals in the brain EXCEPT which?
	A.	 Acetylcholine
	B.	 Endocannabinoids
	C.	 Dynorphin
	D.	 Endorphins and enkephalins

Answer: C  Dynorphin, although an endogenous opioid peptide, does not 
activate � (mu) and � (delta) opioid receptors. Rather, it activates � (kappa) 
opioid receptors, which mediate an aversive e�ect.

2.	 Which of the following brain regions is NOT important in controlling 
responses to rewarding stimuli in the environment?
	A.	 Amygdala
	B.	 Occipital cortex
	C.	 Hippocampus
	D.	 Prefrontal cortex
	E.	 Dorsal striatum

Answer: B  All of the other brain regions listed are key components of the 
brain�s reward circuitry. In contrast, the occipital cortex is most important for 
detecting and interpreting visual stimuli.

3.	 Which of the following statements best describes the activity of dopamine 
neurons in the ventral tegmental area in response to rewards?
	A.	 �e neurons show large increases in phasic �ring in response to an 

unexpected reward.
	B.	 �e neurons show large increases in phasic �ring in response to the 

withholding of an expected reward.
	C.	 �e neurons show large increases in tonic �ring in response to the with-

holding of an expected reward.
	D.	 �e neurons show large decreases in tonic �ring in response to an unex-

pected reward.
Answer: A  Unexpected rewards induce an increase in phasic �ring of the 
neurons. All other answers are incorrect responses.
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29 
NICOTINE AND TOBACCO
TONY P. GEORGE

 DEFINITIONS
Cigare�e smoking is the most frequent (�90%) method of tobacco use, although 
other forms, including pipe tobacco, cigars, and smokeless tobacco, are common. 
Nicotine is the active ingredient in tobacco, which acts as a reinforcer for use 
of all forms of tobacco.
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ABSTRACT
Tobacco use prevalence has diminished substantially in the United States and 
most Western countries but is still a leading cause of preventable morbidity 
and mortality. �is chapter reviews the epidemiology, neurobiology, clinical 
features, assessment, and treatment of tobacco use disorder (TUD). �ere 
are three FDA-approved treatments for TUD�nicotine replacement, sustained-
release bupropion, and varenicline, which all double quit rates compared to 
placebo. �ey are most useful when combined with behavioral treatments, 
which build motivation and help smokers manage craving and withdrawal 
during cessation a�empts. Electronic cigare�es (e-cigare�es) are increasingly 
common and may supplant tobacco smoking as the preferred method to deliver 
nicotine; although they may be less harmful than tobacco smoking, there are 
still considerable concerns especially for adolescents. Nicotine and tobacco 
use are very problematic but also very treatable with evidence-based approaches, 
and thus it behooves all physicians to learn about tobacco treatment. 
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Positive e�ects of cigare�e smoking (e.g., taste, satisfaction) appear to be 
mediated by non-nicotine components of tobacco such as tar. Besides positive 
reinforcement, withdrawal, and craving, there are secondary e�ects of nicotine 
and tobacco use that may contribute to both smoking maintenance and relapse, 
including mood modulation (e.g., reduction of negative a�ect), stress reduc-
tion, and weight control. In addition, conditioned cues can elicit the urge to 
smoke even a�er prolonged periods of abstinence. Nicotine may also bene�t 
smokers hoping to lose weight, and those with psychiatric presentations (mood 
modulation, cognitive enhancement, stress reduction). �ese secondary e�ects 
may present additional targets for pharmacologic intervention in subgroups 
of smokers (e.g., schizophrenia, depression, or weight-concerned smokers).

 DIAGNOSIS
According to DSM-5, tobacco use disorder is established clinically by historical 
documentation of two of the following 11 criteria:

1.	 Tobacco o�en taken in larger amounts or over a longer period than was 
intended;

2.	 Persistent desire or unsuccessful e�orts to cut down or control tobacco 
use;

3.	 A great deal of time spent in activities necessary to obtain or use tobacco;
4.	 Presence of craving, or a strong desire or urge to use tobacco;
5.	 Recurrent tobacco use resulting in failure to ful�ll major obligations at 

work, school or home;
6.	 Continued tobacco use despite persistent or recurrent social or interper-

sonal problems caused or exacerbated by the e�ects of tobacco;
7.	 Important social, occupational or recreational activities given up or reduced 

due to tobacco use;
8.	 Recurrent tobacco use in situations in which it is physically hazardous 

(e.g., smoking in bed);
9.	 Continued tobacco use despite persistent or recurrent physical or psy-

chological problems that are caused or exacerbated by tobacco use;
10.	 Tolerance, as de�ned by either a need for markedly increased amounts 

of tobacco to achieved desired e�ects, or markedly diminished e�ects 
with continued use of the same amount of tobacco;

11.	 Withdrawal, manifested by the presence of the characteristic tobacco 
abstinence syndrome (e.g., four of irritability, anxiety, di�culty concen-
trating, increased appetite, restlessness, dysphoric mood, insomnia), or 
tobacco (or nicotine) is taken to relieve or avoid tobacco withdrawal 
symptoms.

For abstinent smokers, remission is classi�ed as early (between 3 and 12 
months of abstinence) or sustained (�12 months of abstinence). Moreover, 
current severity of tobacco use disorder is coded as mild (2 to 3 symptoms), 
moderate (4 to 5 symptoms) or severe (6 or more symptoms).

In addition, most physiologically dependent tobacco smokers state that 
they smoke their �rst cigare�e of the day within the �rst 5 minutes of awaken-
ing (e.g., time to �rst cigare�e �5 minutes a�er awakening). Use of timeline 
follow-back procedures and smoking diaries have been used successfully to 
monitor smoking consumption. Scales such as the Fagerstrom Test for Nicotine 
Dependence (FTND) allow assessment of the level of nicotine dependence.

 EPIDEMIOLOGY
Cigare�e smoking is the leading cause of morbidity and mortality in the Western 
world. In the United States, approximately 17% of the general population are 
tobacco users, as compared to 47% in 1965. Since the 1965 release of the 
Surgeon General�s report, smoking prevalence has been substantially reduced, 
but this reduction appears to have slowed in recent years, likely because the 
remaining smokers are refractory to tobacco treatment. Approximately 475,000 
people in the United States die each year as a result of smoking-a�ributable 
medical illnesses such as lung cancer, chronic obstructive pulmonary disease, 
cardiovascular disease, and stroke; and economic and health care costs of 
tobacco use exceed $400 billion annually. Smokeless tobacco (e.g., chewing 
tobacco) use has also increased, which has contributed to higher rates of oral 
pathologies including precancerous oral lesions and cancers of the mouth and 
nasopharynx. Moreover, the health risks of environmental tobacco smoke 
have become increasingly clear, prompting the development of widespread 
tobacco bans in public se�ings.

Worldwide, it is estimated that approximately 1.1 billion people use tobacco 
on a regular basis, including approximately 47 million adults in the United 
States.1 Tobacco smoking is increasing rapidly throughout the developing 
world,2 and it is estimated that cigare�e smoking will cause about 450 million 
deaths worldwide in the next 50 years. In particular, the onset of smoking 
occurs at a younger age in new smokers, the rates of smoking in women are 
increasing, and more smokers are of a lower socioeconomic status. Reducing 
smoking prevalence by 50% would prevent 20 to 30 million premature deaths 
in the �rst quarter of this century and 150 million in the second quarter. 
For most smokers, qui�ing is the single most important behavior change to 
improve overall health. A prospective cohort study in Norway suggested that 
even with sustained reductions (�25-75%) in daily smoking consumption, 
there is li�le to no decrease in cardiovascular disease, lung or other smoking-
related cancer risk, further substantiating the merits of qui�ing versus reducing  
smoking.

 PATHOBIOLOGY
Nicotine is the primary reinforcer in tobacco, with contributions from over 
4,000 components to the sensory (non-nicotine) aspects of cigare�e smoking. 
Nicotine�s primary site of action is the �4�2 nicotinic acetylcholine recep-
tor (nAChR) at which acetylcholine is the endogenous neurotransmi�er. 
nAChRs in the central nervous system (CNS) are pentameric ion channel 
complexes that are comprised of two � and three � subunits; the seven � 
subunits are designated �2 to �9 and the three � subunits are designated �2 
to �4. �is produces considerable diversity in subunit combinations, which 
may explain the region-speci�c and functional selectivity of nicotinic e�ects 
in the CNS.3 Activation of nAChRs leads to Na�/Ca2� ion channel �uxes and 
neuronal membrane depolarization. nAChRs are located presynaptically on 
several neurotransmi�er secreting neuron types in the CNS, including meso-
limbic dopaminergic (DA) neurons that project from the ventral tegmental 
area (VTA) to the nucleus accumbens (NAc), leading to DA secretion in the 
nucleus accumbens.

At low nicotine concentrations, �4�2 nAChR stimulation of a�erent  
GABAergic projections onto mesoaccumbal DA neurons predominates, leading 
to reduced mesolimbic DA neuron �ring and DA release. At higher nicotine 
concentrations, �4�2 nAChRs desensitize, and predominant activation of 
�7 nAChRs on glutamatergic projections occurs, leading to increased meso-
limbic DA neuron �ring and release. Within milliseconds of nicotine binding, 
nAChRs desensitize. A�er overnight abstinence, nAChRs resensitize; this may 
explain why most smokers report that the �rst cigare�e in the morning is the 
most satisfying. Interestingly, positron emission tomography (PET) neuro-
imaging studies have shown that smoking 2 to 3 pu�s from a cigare�e produces 
saturation of nAChRs in the brain reward system, suggesting that while binding 
to central nAChRs is an important �rst step in the e�ects of nicotine, it is not 
a complete explanation for continued smoking behaviors.

 CLINICAL MANIFESTATIONS
Although there is a subset of cigare�e smokers who do not smoke every day 
(e.g. �chippers�), most cigare�e smokers are daily users and have physiologic 
dependence on nicotine. Smokers typically describe a �rush� and feelings of 
alertness, relaxation, and �satisfaction� when smoking, as nicotine has both 
stimulating and anxiolytic e�ects depending on basal level of arousal. Airway 
stimulation is an important aspect of smoking behavior, and additives such 
as menthol enhance the experience by improving the taste and reducing smoked 
tobacco�s harshness.

Psychosocial Treatments
Behavioral therapies are based on the theory that learning processes operate 

in the development, maintenance, and cessation of smoking (Table 29-1). 
Behavioral treatments can facilitate smoking cessation motivation, provide an 
emphasis on the social and contextual aspects of smoking, and enhance overall 
success of cessation. Behavioral therapies involve 6-month quit rates of 20 to 
25% and typically increase quit rates up to two-fold over standard medical 
advice. The primary goals of behavioral therapies for tobacco dependence 
treatment include providing necessary skills to smokers to aid them in quitting 
smoking and teaching skills to avoid smoking in high-risk situations.

Brief Interventions
Brief advice has been found to increase cessation rates, and has been strongly 

endorsed in the latest U.S. Department of Health and Human Services Guidelines 
on Tobacco Dependence Treatment (https://www.ncbi.nim.nih.gov/books/
NBK63952). This recommends that physicians use the �5 A�s� with all patients 
(Ask patients if they smoke, Advise patients to quit, Assess patients� motivation 
level for quitting, Assist with quit attempts, and Arrange follow-up contacts). 
Providing self-help material is another form of brief intervention used to facilitate 
motivation and provide skills for smoking cessation. Recent studies have docu-
mented that minimal behavioral interventions such as community support 

TREATMENT 
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E�ectiveness rating: 1 � Strong evidence to support e�cacy; 2 � Moderate evidence to support 
e�cacy; 3 � Li�le evidence to support e�cacy

TABLE 29�1	 BEHAVIORAL TREATMENTS FOR TOBACCO 
DEPENDENCE

BEHAVIORAL 
TREATMENTS MECHANISM OF ACTION
Brief interventions Increase motivation to quit and impart cessation 

skills (e.g., community support, telephone 
counseling)

2

Cognitive-behavioral and 
relapse-prevention 
therapies

Behavioral strategies are developed to manage 
triggers; cognitive coping strategies target 
maladaptive thoughts to prevent relapse

1

Motivational interviewing �erapist promotes patient�s self-motivational 
statements, and in turn, patient gains greater 
awareness of the problems with smoking; 
increases intention for smoking cessation

2

groups, telephone counseling, and computer-generated self-help materials can 
augment smoking cessation rates in controlled settings.

Motivational Interventions
The goal of motivational interventions (MI) is to elicit change through address-

ing ambivalence, increasing intrinsic motivation for change, and creating an 
atmosphere of acceptance in which patients take responsibility and initiative 
for change. Brief MI interventions have been developed for smoking cessation 
and some evidence supports increased smoking cessation using MI techniques.

Cognitive-Behavioral Therapies
In cognitive-behavioral therapy (CBT), patients learn to anticipate situations 

of high smoking likelihood and plan to cope with these situations using behav-
ioral (e.g., substitution of behavior) and cognitive (e.g., challenging thoughts) 
techniques. Some degree of CBT e�cacy in smokers has been observed for 
both individual and group counseling formats.

Relapse-Prevention (Coping Skills) Therapies
A large number of smokers relapse within 6 months of quitting. Recognizing 

high-risk situations and coping with lapses can be included in initial smoking 
cessation treatment or following a quit attempt.

Pharmacologic Treatments
There are three U.S. FDA-approved classes of smoking cessation pharmaco-

therapies: nicotine replacement therapies (NRTs), sustained-release bupropion, 
and varenicline4,5 (Table 29-2).

Nicotine Replacement Therapies
The goal of nicotine replacement therapy (NRT) is to alleviate tobacco with-

drawal, allowing smokers to focus on habit and conditioning factors when 
attempting cessation. NRTs rely on systemic venous absorption and do not 
produce the rapid, high levels of arterial nicotine from inhaling cigarette smoke. 
Thus, individuals are unlikely to become addicted to NRTs. Evidence suggests 
that precessation NRT while concomitantly smoking is not hazardous, and that 
use of NRT prior to the quit date may facilitate smoking cessation compared to 
when given at the time of quitting smoking. A1  Commercially available forms 
of NRT are e�ective, increasing quit rates by approximately 1.5- to 2.5-fold 
compared to placebo. The transdermal patch, gum, and lozenge are available 
over the counter (OTC), while the nasal spray and inhaler are prescribed.

Nicotine Gum
Nicotine ingested orally is extensively metabolized by the liver in �rst pass. 

Nicotine gum avoids this barrier through buccal absorption. By chewing nicotine 
gum, 2 or 4 mg of nicotine is released from a resin. Nicotine gum should be 
administered by scheduled dosing (e.g., 1 piece of 2-mg gum/hour). The original 
recommended treatment duration was 3 months, although many experts believe 
longer treatment is more e�ective. Nicotine absorption from the gum peaks 
30 minutes after initial use. Venous nicotine levels from 2-mg and 4-mg gum 
are about one third and two thirds, respectively, of the steady-state (e.g., between 
cigarettes) nicotine levels achieved with cigarette smoking. Nicotine delivered 
by cigarettes is absorbed directly into the pulmonary arterial circulation, allow-
ing arterial levels to be 5 to 10 times higher than those from nicotine gum. 
Nicotine absorption in the buccal mucosa is decreased by acidic conditions, 
and patients should not consume beverages (e.g., co�ee, soda, juice) immedi-
ately before, during, or after use.

Several placebo-controlled trials established the safety and e�cacy of nicotine 
gum for smoking cessation. There appears to be some evidence to support 
using higher doses (4 mg pieces) in more highly dependent smokers (�25 
cigarettes per day [cpd]), which supports matching nicotine gum dose to 
dependence level of the smoker. Side e�ects are rare, and include those of 
mechanical origin (e.g., di�culty chewing, sore jaw) or of local pharmacologic 
origin (e.g., burning in mouth, throat irritation). Tolerance develops to most 
side e�ects over the �rst week, and education about proper use (e.g., do not 
chew too vigorously) decreases side e�ects.

Nicotine Lozenges
Nicotine lozenges deliver nicotine (2-mg and 4-mg preparations) by buccal 

absorption. Lozenges o�er further �exibility of nicotine replacement options 
for smokers, and are known to allow greater absorption of nicotine as compared 
to nicotine gum. Nicotine lozenges have shown superiority to placebo lozenges, 
with signi�cant reduction in nicotine craving and withdrawal. High doses of 
lozenge may enhance e�cacy in more highly dependent smokers suggesting 
that, similarly to nicotine gum, lozenge dose can be matched with dependence 
level. Interestingly, the combination of nicotine lozenge with nicotine patch 
may lead to the highest long-term quit-rates compared to NRT monotherapies 

TABLE 29�2	 PHARMACOLOGIC TREATMENTS FOR TOBACCO DEPENDENCE
NICOTINE REPLACEMENT THE�PIES*
Gum (OTC) Slow nicotine absorption gradually reduces nicotine craving and withdrawal 1
Transdermal nicotine patch (OTC) Slow nicotine absorption gradually reduces nicotine craving and withdrawal 1
Lozenge (OTC) Slow nicotine absorption gradually reduces nicotine craving and withdrawal 1
Vapor inhaler (prescription) Fast nicotine absorption leads to stimulation of nAChR, which rapidly reduces nicotine craving and withdrawal 1
Nasal spray (prescription) Fast nicotine absorption leads to stimulation of nAChR, which reduces craving and withdrawal 1
NON-NICOTINE PHARMACOTHE�PIES
Bupropion SR* Blocks reuptake of DA and NA; high a�nity, noncompetitive nAChR antagonism reduces nicotine reinforcement, withdrawal, 

and craving
1

Varenicline* Acts as a partial agonist of �4�2 nAChRs 1
Nortriptyline Blocks reuptake of NA and 5-HT; probably reduces withdrawal symptoms and comorbid depressive symptoms; side e�ects limit 

utility.
1-2

Clonidine �2-Adrenoreceptor agonist reduces nicotine withdrawal symptoms 2
Mecamylamine Noncompetitive, high-a�nity nAChR antagonist combined with TNP reduces nicotine reinforcement, craving, and withdrawal, 

and may increase smoking cessation rates versus TNP alone.
2-3

Naltrexone Minimal evidence that this �-opioid peptide receptor antagonist improves smoking cessation outcomes alone or in combination 
with TNP. It may reduce alcohol use and obviate cessation-induced weight gain.

3

Cytisine Nicotinic partial agonist appears to be safe and e�cacious for smoking cessation (Grade A). 2
Nicotine Vaccine Limited evidence of e�cacy for smoking cessation in early human trials, and recent Phase III trials have been negative. 3
*Approved by the FDA
E�ectiveness rating: 1 � Strong evidence to support e�cacy; 2 � Moderate evidence to support e�cacy; 3 � Li�le evidence to support e�cacy
5-HT � 5-hydroxytryptamine; DA � dopamine; NA � noradrenaline; nAChR � nicotinic acetylcholine receptors; OTC � over-the-counter; SR � sustained release; TNP � transdermal nicotine patch.
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and bupropion. Preliminary trials have reported mild throat and mouth irrita-
tion as side e�ects.

Transdermal Nicotine Patch
Transdermal nicotine patch formulations, applied daily each morning, allow 

for ready nicotine absorption across the skin. Three formulations are for 24-hour 
use and one is for 16-hour use. Initial doses are 21- to 22-mg/24-hour patch 
and 15-mg/16-hour patch. Nicotine is slowly absorbed from patches and, on 
the �rst day, venous nicotine levels peak 6 to 10 hours post-administration. 
Thereafter, nicotine levels remain fairly steady with a decline from peak to 
trough of 25% to 40% with 24-hour patches. Nicotine levels obtained from 
patches are typically half those obtained by smoking. After 4 to 6 weeks on 
high-dose patches (21 or 22 mg/24 hours, and 15 mg/16 hours), smokers are 
tapered to a middle dose (e.g., 14 mg/24 hours or 10 mg/16 hours) and then 
to the lowest dose after 2 to 4 additional weeks (7 mg/24 hours or 5 mg/16 
hours). Most studies suggest that abrupt cessation of patch-use often causes 
no signi�cant withdrawal; thus, tapering does not appear to be necessary. The 
recommended total duration of treatment is usually 6 to 12 weeks.

The overall e�cacy of the nicotine patch for smoking cessation has been 
well-documented. A2  The e�ects of active nicotine patch are independent of 
patch type, treatment duration, tapering procedures, and behavioral therapy 
format or intensity, though it should be noted that behavioral treatment enhances 
nicotine patch outcomes compared to nicotine patch alone. Severe adverse 
events with nicotine patches have not been found and minor side e�ects include 
skin reactions (50%), insomnia and increased or vivid dreams (15% with 24-hour 
patches), and nausea (5 to 10%). Tolerance to these side e�ects usually develops 
within a week. Rotation of patch sites decreases skin irritation. Insomnia reported 
one week post-cessation appears to be mostly due to nicotine withdrawal 
rather than the nicotine patch itself, and a 24-hour patch can be removed 
before bedtime to determine if the insomnia is nicotine patch induced. Without 
treatment, insomnia usually abates after 4 to 7 days. There is minimal depen-
dence liability associated with patch use, and only 2% of patch users continue 
to use it for an extended period post-cessation.

Nicotine Nasal Spray
Nicotine nasal spray, approved for treatment for nicotine dependence in the 

United States in 1996, consists of nicotine solution in a nasal spray bottle similar 
to those used for saline sprays. Nasal spray delivers �1 mg nicotine per admin-
istration, and the patient administers the spray (10 mg/ml) to each nostril every 
4 to 6 hours. This formulation produces a more rapid rise in nicotine levels than 
does nicotine gum, and the rise in nicotine levels produced by nicotine spray 
falls between the levels produced by nicotine gum and cigarettes. Peak nicotine 
levels occur within 10 minutes, and venous nicotine levels are about two thirds 
those of between-cigarette levels. Smokers may use the nasal spray as needed 
up to 30 times/day for 12 weeks.

Randomized, double-blind, placebo-controlled trials of nasal spray versus 
placebo spray have established the safety and e�cacy of nasal spray for smoking 
cessation. Both trials employed treatment for 3 to 6 months and described a 
doubling of quit rates during active use of nicotine nasal spray. Di�erences 
were reduced or absent with extended follow-up, suggesting the need for 
maintenance use of this agent; however, no such long-term studies have been 
published to date. Side e�ects from nicotine nasal spray are nasal and throat 
irritation, rhinitis, sneezing, coughing, and watering eyes. Nicotine nasal spray 
may have modest dependence liability; prolonged use occurs in about 10% of 
smokers using the spray, so follow-up of users is recommended.

Nicotine Inhaler
Nicotine inhalers are cartridges (plugs) of nicotine (�1 mg of nicotine per 

plug) placed inside hollow cigarette-like plastic rods. The cartridges produce 
a nicotine vapor when warm air is passed through them. Absorption from 
nicotine inhalers is primarily buccal rather than respiratory. More recent ver-
sions of inhalers produce a rise in venous nicotine levels more rapidly than 
with nicotine gum, but less rapidly than with nicotine nasal spray, consisting 
of nicotine blood levels about one third that of between-cigarette levels. Smokers 
are instructed to pu� continuously on the inhaler (0.013 mg/pu�) during the 
day, with recommended dosing of 6 to 16 cartridges daily. The inhaler is to be 
used as needed for about 12 weeks. No serious medical side e�ects have been 
reported with nicotine inhalers, though 50% of subjects report throat irritation 
or coughing. Double-blind, placebo-controlled RCTs results have revealed a 
2- to 3-fold increase in quit rates (17 to 26%) at trial endpoint in nicotine inhaler 
users compared to placebo inhaler users, and smaller di�erences at follow-up 
periods of 1 year or longer. These data support the short-term e�cacy of inhal-
ers in cigarette smokers, but longer-term trials with the inhaler are needed. 
There is modest concern about abuse liability based on long-term use of the 
product in less than 10% of smokers.

Sustained-Release Bupropion
The atypical antidepressant agent bupropion, in the sustained-release (SR) 

formulation (Zyban), is a non-nicotine, �rst-line pharmacologic treatment for 
nicotine-dependent smokers who want to quit. The mechanism of action in the 
treatment of nicotine dependence likely involves dopamine and norepinephrine 

reuptake blockade, as well as antagonism of high-a�nity nAChRs; however, the 
exact mechanism by which bupropion exerts antismoking e�ects is unclear. 
The goals of bupropion therapy are: (1) smoking cessation; (2) reduction of 
nicotine craving and withdrawal symptoms, and; (3) prevention of cessation-
induced weight gain.

The target dose of this agent is 300 mg daily (150 mg bid), and it is typically 
started 7 days prior to the target quit date (TQD) at 150 mg daily, then increased 
to 150 mg bid after 3 or 4 days. Unlike the NRTs, there is no absolute require-
ment that smokers completely cease smoking by the TQD, though many smokers 
report a signi�cant reduction in urges to smoke and craving, which facilitates 
cessation at the time of the TQD when drug levels reach steady-state plasma 
levels. Some smokers gradually reduce cigarette smoking over several weeks 
prior to quitting.

Bupropion SR for treatment of nicotine dependence A3 ) is safe and e�ective. 
In one 7-week trial, for example, four doses of bupropion SR (0, 100, 150 and 
300 mg/day in BID dosing) in combination with weekly individual cessation 
counseling, were prescribed to 615 cigarette smokers smoking at least 15 ciga-
rettes per day (cpd). At 1-year follow-up, cessation rates were 12.4%, 19.6%, 
22.9%, and 23.1%, respectively. Bupropion SR treatment dose-dependently 
reduced weight gain associated with smoking cessation and signi�cantly reduced 
nicotine withdrawal symptoms at the 150 and 300 mg/day doses.

Subsequently, the e�cacy of bupropion SR combined with transdermal 
nicotine patch was studied in a double-blind, placebo-controlled, randomized, 
multicenter trial. 893 cigarette smokers, using at least 15 cpd, were randomized 
to one of four experimental groups: (1) placebo bupropion � placebo patch, 
(2) placebo bupropion � nicotine patch, (3) bupropion (300 mg/day) � placebo 
patch, or (4) bupropion � nicotine patch. Cessation rates at the 1-year follow-up 
assessment were 15.6%, 16.4%, 30.3%, and 35.5%, respectively. The bupropion 
groups were signi�cantly better than the placebo and nicotine patch alone 
conditions, but the combination of bupropion and nicotine patch was not 
signi�cantly better than bupropion alone. Weight suppression after cessation 
was most robust in the combination therapy group. Finally, a randomized, 
controlled trial has demonstrated the e�cacy of sustained-release bupropion 
in smoking relapse prevention post-cessation. In individuals who quit smoking 
with 7 weeks of bupropion (300 mg/day) treatment, bupropion SR versus placebo 
for 12 months delayed smoking relapse and resulted in weight gain.

Common side e�ects reported with bupropion administered to cigarette 
smokers include headache, nausea and vomiting, dry mouth, insomnia and 
activation, most of which occur during the �rst week of treatment. The main con-
traindication for bupropion use is a history of seizures of any etiology. However, 
rates of de novo seizures are low with this agent (�0.5%) at doses of 300 mg 
daily or less and have been observed when daily dosing exceeds 450 mg/day.

Varenicline
Varenicline tartarate (Chantix in United States, Champix in Europe and Canada), 

an �4�2 nicotinic acetylcholine receptor partial agonist, has been approved as 
a �rst-line smoking cessation agent by the FDA.6 The initial Phase II trials of 
varenicline established its safety and e�cacy in comparison to placebo, and 
suggested an optimal dose of 2.0 mg/day. The results of two independent but 
identical, 12-week Phase III trials comparing varenicline (2 mg/day) to bupro-
pion SR (300 mg/day) were then conducted. A4  In both studies, the quit rates 
were similar for continuous abstinence over the last 4 weeks of the study, 
and were signi�cantly higher for participants taking varenicline compared to 
bupropion SR, but both drugs resulted in signi�cantly higher quit rates versus 
placebo. Continuous abstinence was lower over the follow-up period of 43 
weeks and participants taking varenicline continued to show a higher rate of 
abstinence than participants taking bupropion and placebo. Varenicline has 
been also found to be e�ective in smoking relapse-prevention compared to  
placebo.

Varenicline reduces tobacco cravings and smoking satisfaction and is gener-
ally well tolerated and safe, even in patients with preexisting cardiovascular 
disease. A5  The most common adverse events reported in the initial studies 
were nausea and insomnia. However, since FDA approval, concerns have arisen 
over treatment-emergent neuropsychiatric events including agitation, suicidal 
and homicidal ideation, mania, and psychosis. Thus, close monitoring of smokers, 
especially those with a history of psychiatric illness, is strongly advised when 
prescribing this agent. In fact, there is strong evidence that varenicline appears 
to be safe and e�cacious in smokers with comorbid psychiatric disorders in 
comparison to bupropion SR and nicotine patch. A6 

Combination Pharmacotherapies
There is substantial evidence to suggest that combining various formula-

tions of NRTs may lead to enhanced smoking cessation outcomes compared 
to monotherapies. However, less is known about how best to switch medica-
tions in the case of initial nonresponse. Using an adaptive trial design, A7  it has 
been demonstrated that initial response to transdermal nicotine (e.g., a 50% 
reduction in smoking in the �rst 2 weeks after patch application) predicted 
success in subsequent smoking cessation; moreover, those who failed to respond 
initially to transdermal nicotine responded to augmentation to bupropion SR 
or a switch to varenicline. However, the combination of bupropion plus vareni-
cline does not appear to be better than varenicline alone. A8  Further studies of 



combination pharmacotherapies and strategies for switching among approved 
medications are warranted.

O�-Label Medications
Other medications (see Table 29-2) have demonstrated some evidence of 

e�cacy for tobacco treatment, but are otherwise not approved, and should 
be considered second-line treatments.

Electronic Nicotine Delivery Systems
Electronic nicotine delivery systems (ENDS) constitute a global market of 

approximately $10 billion in 2015, with 56% of the market based in the United 
States. According to a comprehensive report entitled �Public Health Conse-
quences of E-cigarettes,� released in 2018 by the National Academies of Sciences, 
Engineering and Medicine (https://www.nap.edu/read/24952), the global market 
for ENDS has more than doubled since 2013 from 2.8 million to 6.1 million in 
2016, and more than 40% of consumers now consider their use as �regular� 
rather than occasional. Most adults who use e-cigarettes are either tobacco 
smokers or former smokers and report smoking cessation or personalization 
of the device as reasons for use. Adolescents report ��avoring� as a main reason 
for use and, unlike adults, are not concurrent tobacco smokers. Prevalence is 
highest among adolescents and young adult, Caucasian, male, and intermediate-
to-highly educated individuals. ENDS are being increasingly used for tobacco 
cessation, and small, short-term studies suggest that they may be well tolerated 
and modestly e�ective in achieving abstinence, but there is insu�cient or no 
evidence about their long-term health e�ects.7,8

ENDS structurally consist of an e-liquid cartridge, a heating element, and a 
battery. The e-liquid solution, consisting of either propylene glycol itself or 
mixed with glycerin, nicotine (0 to 26 mg/ml), and �avoring agents, is heated 
and vaporized into an aerosol that is then inhaled through a mouthpiece. Risk 
for nicotine dependence via e-cigarettes depends on the model of device, 
nicotine concentration, and inhalation technique, but is overall lower than the 
risk posed by cigarettes.9,10 The utility of ENDS to aid in smoking cessation is 
suggestive but unproven. A9 

,
 A10 

Toxin levels vary as a function of product manufacturing and use, but are 
generally lower compared to cigarette smoke apart from trace levels of metals 
being found at similar to higher levels in e-cigarettes. Physiologic concerns 
regarding ENDS involve mouth and throat irritation, nausea, headaches, dizzi-
ness, and dry coughing. Topical injury from e-liquids, overly concentrated nicotine 
ingestion and inhalation, as well as overheating, �res, and explosions of ENDS 
are other means of harm to users.

 PREVENTION
Tobacco use remains one of the leading preventable causes of morbidity and 
mortality in the Western world. Nonetheless, smoking cessation therapies are 
among the most cost-e�ective and proven therapies in medicine. Yet, most 
health care providers do not identify tobacco use in their patients. Recent 
recommendations suggest that all smokers should be approached about quit-
ting smoking. Moreover, e�ective tobacco policies such as state taxes and 
prevention e�orts targeted to reducing the initiation of tobacco use by youth 
and adults are critical elements in the overall strategy to reduce the burden 
of tobacco-related disease, and related social and health care costs.

 PROGNOSIS
�e prognosis for tobacco smokers who quit is excellent in terms of years and 
quality of life gained, and earlier qui�ing appears to be associated with increases 
in lifespan and quality of life. Furthermore, although medication and behavioral 
treatments have documented e�cacy in treating tobacco use disorder, it is 
important that these therapies be used in combination to achieve the best 
overall results and ensure adequate skill acquisition and treatment adherence. 
�e promise of novel treatment and prevention interventions such as the 
nicotine vaccine, and the employment of personalized medicine matching 
the right medications to smokers with preferential responses using pharma-
cogenetics (e.g. polymorphisms in genes for Catecholamine-O-Methyltrans-
ferase [COMT], the nicotinic receptor subunits CHRNA3 and CHRNA4, 
and the nicotine metabolic enzyme CYP 2A6 and neuroimaging biomarkers 
such as PET and fMRI) are of considerable excitement for the tobacco treat-
ment �eld. Furthermore, given the high rates of tobacco use and dependence 
in psychiatric populations and the lower rates of qui�ing in this subgroup, 
speci�c adaptation of tobacco treatments to mentally ill smokers will be of 
paramount importance to improving prognosis and outcomes in these hard-
to-treat groups. Additional future challenges include developing safer and 
more e�ective smoking cessation therapies, and making these therapies avail-
able to all smokers who wish to quit.
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2.	 All of the following signs and symptoms are associated with nicotine with-
drawal except:
	A.	 Irritability.
	B.	 Insomnia.
	C.	 Weight gain.
	D.	 Gastrointestinal discomfort.

Answer: D  Nicotine is highly addictive, and its discontinuation is associated 
with irritability, insomnia, and weight gain. Unlike opioid withdrawal, however, 
nicotine is not associated with gastrointestinal symptoms.

REVIEW QUESTIONS
1.	 �e level of reduction in smoking that is associated with signi�cantly low-

ering cardiovascular and respiratory disease risk is:
	A.	 25%.
	B.	 50%.
	C.	 75%.
	D.	 100%.

Answer: D  Any amount of tobacco smoking increases the risk of cardiovas-
cular and respiratory disease.
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ABSTRACT
Alcohol use disorder (AUD) is highly prevalent, is associated with important 
medical and other health-related problems, and thus requires careful a�ention 
by physicians and other health care providers. �ere are established approaches 
to screening for, preventing, and diagnosing AUD. Individuals who are �at 
risk� drinkers but who do not meet criteria for AUD should be counseled to 
reduce their alcohol consumption using brief interventions. Once AUD is 
diagnosed, patients should be o�ered e�ective evidence-based treatments 
including counseling and pharmacotherapy.
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 PATHOBIOLOGY
Beverage alcohol contains ethanol, which acts as a sedative-hypnotic drug. 
Alcohol is absorbed rapidly into the blood stream from the stomach and 
intestinal tract. Because women have lower levels of gastric alcohol dehy-
drogenase, the enzyme primarily responsible for metabolizing alcohol, they 
experience higher blood alcohol concentrations than do men who consume 
similar amounts of ethanol per kilogram of body weight. �e absorption of 
alcohol can be a�ected by other factors, including the presence of food in 
the stomach and the rate of alcohol consumption. By means of metabolism 
in the liver, alcohol is converted to acetaldehyde and acetate (Fig. 30-1). 
Metabolism is proportional to an individual�s body weight, but a variety of 
other factors can a�ect how alcohol is metabolized. A genetic variation in a 
signi�cant proportion of the Asian population alters the structure of an alde-
hyde dehydrogenase isoenzyme, resulting in the development of an alcohol 
�ush reaction, which includes facial �ushing, hot sensations, tachycardia, and  
hypotension.

In the brain, alcohol a�ects a variety of receptors, including �-aminobutyric 
acid (GABA), N-methyl-�-aspartate, and opioid receptors. Glycinuric and 
serotoninergic receptors also are thought to be involved in the interaction 
between alcohol and the brain. �e phenomena of reinforcement and cellular 
adaptation are thought, at least in part, to in�uence alcohol-dependent behav-
iors. Alcohol is known to be reinforcing because withdrawal from ethanol and 
ingestion of ethanol itself are known to promote further alcohol consumption. 
A�er chronic exposure to alcohol, some brain neurons seem to adapt to this 
exposure by adjusting their response to normal stimuli. �is adaptation is 
thought to be responsible for the phenomenon of tolerance, whereby increas-
ing amounts of alcohol are needed over time to achieve desired e�ects. Although 
much has been learned about the variety of e�ects alcohol can have on various 
brain receptors, no single receptor site has been identi�ed. A number of neu-
ropsychological disorders are seen in association with chronic ethanol use, 
including impaired short-term memory, cognitive dysfunction, and perceptual 
di�culties.

Although the brain is the primary target of alcohol�s actions, a variety of 
other tissues have a major role in how alcohol a�ects the human body. Direct 
liver toxicity may be among the most important consequences of acute and 
chronic alcohol use (Chapter 143). A variety of histologic abnormalities 
ranging from in�ammation to scarring and cirrhosis have been described. 
�e pathophysiologic mechanism of these e�ects is thought to include the 
direct release of toxins and the formation of free radicals, which can interact 
negatively with liver proteins, lipids, and DNA. Alcohol also has substantial 
negative e�ects on the heart and cardiovascular system. Direct toxicity to myo-
cardial cells frequently results in heart failure (Chapter 52), and chronic heavy 
alcohol consumption is considered to be a major contributor to hypertension 
(Chapter 70). Other organ systems that experience signi�cant direct toxicity 
from alcohol include the gastrointestinal tract (esophagus, stomach), immune 
system (bone marrow, immune cell function), and endocrine system (pancreas,  
gonads).

 CLINICAL MANIFESTATIONS
Alcohol has a variety of speci�c acute and chronic e�ects. �e acute e�ects 
seen most commonly are alcohol intoxication and alcohol withdrawal. Chronic 
clinical e�ects of alcohol include almost every organ system.

of alcohol, usually �ve or more drinks per occasion for men and four or more 
drinks per occasion for women. One standard drink contains 12 g of pure 
alcohol, an amount equivalent to that contained in 5 ounces of wine, 12 ounces 
of beer, or 1.5 ounces of 80-proof spirits.

�e most recent Diagnostic and Statistical Manual of Mental Disorders, 5th 
edition (DSM-5) replaced the previous terminology of alcohol abuse and alcohol 
dependence with the term alcohol use disorder (see Table 30-1) in order to more 
clearly describe the spectrum of symptoms experienced by patients. Patients 
who meet 2 or 3 of the 11 criteria for alcohol use disorder are considered to 
have mild, 4 or 5 criteria moderate, and 6 to 11 criteria severe alcohol use disorder.

 EPIDEMIOLOGY
In national surveys, 52% of American adults reported that they use alcoholic 
beverages (liquor, wine, or beer), whereas 23% reported binge drinking, and 
6.3% reported heavy drinking in the past 30 days.2 Among individuals who 
use alcohol, many experience problems because of their drinking. It has been 
estimated that more than $100 billion is spent by American society each year 
to treat alcohol use disorders and to recover the costs of alcohol-related eco-
nomic losses. Excessive alcohol consumption ranks as the third leading pre-
ventable cause of death in the United States a�er cigare�e smoking and obesity. 
More than 100,000 deaths per year in the United States are a�ributed to 
alcohol use disorders.

Population-based epidemiologic studies have shown that alcohol use dis-
orders are among the most prevalent medical, behavioral, or psychiatric dis-
orders in the general population. An epidemiologic survey of the general adult 
population in the United States demonstrated 12-month and lifetime prevalences 
of alcohol use disorder of approximately 13.9% and 29.1%, respectively. Alcohol 
use disorder was generally more prevalent in men, whites and Native Ameri-
cans, and younger individuals. Severe alcohol use disorder was more prevalent 
in individuals with the lowest income level. Remarkably, only 19.8% of indi-
viduals respondents with lifetime history of alcohol use disorder ever received 
treatment. In addition, individuals with alcohol use disorder were more likely 
to experience comorbid substance use disorder related to other substances, 
and psychiatric comorbidity, especially depression, bipolar disorder, antisocial 
disorder, and borderline personality disorder. One study found that �rst mar-
riage to a spouse with no lifetime alcohol use disorder is associated with a 
substantial reduction in risk for alcohol use disorder. Overall, although these 
and other data identify patient characteristics associated with alcohol use 
disorders, it should be emphasized that it is prevalent throughout all sociode-
mographic groups, and all individuals should be screened carefully. �e �skid 
row� stereotype of the alcohol-dependent patient is much more the exception 
than the rule.

�e prevalence of alcohol use disorders is higher in most health care se�ings 
than it is in the general population because alcohol problems o�en result in 
treatment-seeking behaviors. �e prevalence of problem drinking in general 
outpatient and inpatient medical se�ings has been estimated between 15 and 
40%. �ese data strongly support the need for physicians to screen all patients 
for alcohol use disorders.

TABLE 30�1	 TERMS AND CRITERIA FOR PATTERNS OF 
ALCOHOL USE

AT-RISK DRINKING
Men: �14 drinks/week or �4 drinks/day
Women: �7 drinks/week or �3 drinks/day
ALCOHOL USE DISORDER CRITERIA*
Tolerance
Withdrawal
More use than intended
Craving
Unsuccessful a�empts to cut down
Excessive time acquiring alcohol
Activities given up because of use
Use despite negative e�ects
Failure to ful�ll major role obligations
Recurrent use in hazardous situations
Continued use despite social or intrapersonal problems
*Mild � 2-3 criteria, moderate � 4-5 criteria, severe � 6 or more criteria.
From American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders. 5th 
ed. Arlington, VA: American Psychiatric Publishing; 2013.
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FIGURE 30�1.  Ethanol metabolism. Alcohol dehydrogenase predominates at low to 
moderate ethanol doses. The microsomal ethanol-oxidizing system is induced at high 
ethanol levels of chronic exposure and by certain drugs. Aldehyde dehydrogenase inhibi-
tion (genetic or drug induced) leads to acetaldehyde accumulation, particularly in the 
latter group. 
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hallucination, diaphoresis, fever, and tachycardia. Delirium tremens typically 
begins a�er 2 to 4 days of abstinence, and the most severe form can result 
in death.

Chronic E�ects
Acute manifestations, including intoxication and withdrawal, are generally 
stereotypical in their appearance and time course, but chronic manifestations 
tend to be more varied. Many patients with alcohol dependence may be without 
evidence of any chronic medical manifestations for many years. As time goes 
on, however, the likelihood that one or more of these manifestations will 
occur increases considerably. All major organ systems can be a�ected, but the 
primary organ systems involved are the nervous system, cardiovascular system, 
liver, gastrointestinal system, pancreas, hematopoietic system, and endocrine 
system (Table 30-2). Patients who drink are at risk for a variety of malignant 
neoplasms, such as head and neck, esophageal, colorectal, breast, and liver 
cancers (see individual chapters on those cancers). Excessive alcohol use o�en 
causes signi�cant psychiatric and social morbidity that can be more common 
and more severe than the direct medical e�ects, especially earlier in the course 
of problem drinking.

Nervous System
In addition to the acute neurologic manifestations of intoxication and with-
drawal, alcohol has major chronic neurologic e�ects. About 10 million Ameri-
cans have identi�able nervous system impairment from chronic alcohol use. 
Individual predisposition to these disorders is highly variable and is related 
to genetics, environment, sociodemographic features, and gender; the relative 
contribution of these factors is unclear.

In the central nervous system, the major e�ect is cognitive impairment. 
Patients may present with mild to moderate short-term or long-term memory 
problems or may have severe dementia resembling Alzheimer disease (Chapter 
374). �e degree to which the direct toxic e�ect of alcohol is responsible for 
these problems or the impact of alcohol-related nutritional de�ciencies is 
uncertain (Chapter 388). �e de�ciency of vitamins such as thiamine may 
play a major role in promoting alcoholic dementia and severe cognitive 

Acute E�ects
Alcohol Intoxication
A�er entering the blood stream, alcohol rapidly passes through the blood-brain 
barrier. �e clinical manifestations of alcohol intoxication are related directly 
to the blood level of alcohol.3 Because of tolerance, individuals chronically 
exposed to alcohol generally experience less severe e�ects at a given blood 
alcohol level than do individuals who are not chronically exposed to alcohol.

�e symptoms of mild alcohol intoxication in nontolerant individuals typi-
cally occur at blood alcohol levels of 20 to 100 mg/dL and include euphoria, 
mild muscle incoordination, and mild cognitive impairment. At higher blood 
alcohol levels (100 to 200 mg/dL), more substantial neurologic dysfunction 
occurs, including more severe mental impairment, ataxia, and prolonged reac-
tion time. Individuals with blood alcohol levels in these ranges can be obviously 
intoxicated, with slurred speech and lack of coordination. �ese e�ects pro-
gress as the blood alcohol level rises to higher levels, to the point at which 
stupor, coma, and death can occur at levels equal to or greater than 300 to 
400 mg/dL, especially in individuals who are not tolerant to the e�ects of 
alcohol. �e usual cause of death in individuals with very high blood levels 
of alcohol is respiratory depression and hypotension.

Alcohol Withdrawal Syndrome
Alcohol withdrawal can occur when individuals decrease their alcohol use or 
stop using alcohol altogether. �e severity of symptoms can vary greatly. Many 
individuals experience alcohol withdrawal without seeking medical a�ention, 
whereas others require hospitalization for severe illness. Because ethanol is a 
central nervous system depressant, the body�s natural response to withdrawal 
of the substance is a hyperexcitable neurologic state. �is state is thought to 
be the result of adaptive neurologic mechanisms being unrestrained by alcohol, 
with an ensuing release of a variety of neurohumoral substances, including 
norepinephrine. In addition, chronic exposure to alcohol results in a decrease 
in the number of GABA receptors and impairs their function.

�e clinical manifestations of alcohol withdrawal include hyperactivity result-
ing in tachycardia and diaphoresis. Patients also experience tremulousness, 
anxiety, and insomnia. More severe alcohol withdrawal can result in nausea and 
vomiting, which can exacerbate metabolic disturbances. Perceptual abnormali-
ties, including visual and auditory hallucinations and psychomotor agitation, 
are common manifestations of more moderate to severe alcohol withdrawal. 
Grand mal seizures commonly occur during alcohol withdrawal, although 
they do not generally require treatment beyond the acute withdrawal phase.

�e time course of the alcohol withdrawal syndrome can vary within an 
individual and by symptom complex, and the overall duration of symptoms 
can be a few to several days (Fig. 30-2). Tremor is typically among the earliest 
symptoms and can occur within 8 hours of the last drink. Symptoms of tremu-
lousness and motor hyperactivity typically peak within 24 to 48 hours. Although 
mild tremor typically involves the hands, more severe tremors can involve 
the entire body and greatly impair a variety of basic motor functions. Perceptual 
abnormalities typically begin within 24 to 36 hours a�er the last drink and 
resolve within a few days. When withdrawal seizures occur, they are typically 
generalized tonic-clonic seizures and most o�en occur within 12 to 24 hours 
a�er reduction of alcohol intake. Seizures can occur, however, at later time 
periods as well.

�e most severe manifestation of the alcohol withdrawal syndrome is 
delirium tremens. �is symptom complex includes disorientation, confusion, 

Days since last drink

Delirium tremens

Hallucinations

Tremor, anxiety, insomnia

Seizures
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FIGURE 30�2.  Time course of alcohol withdrawal. 

TABLE 30�2	 ALCOHOL�RELATED COMPLICATIONS
SYSTEM/REALM OF PROBLEM COMPLICATIONS
Nervous system Intoxication

Withdrawal
Cognitive impairment
Cerebellar degeneration
Peripheral neuropathy

Cardiovascular system Cardiac arrhythmias
Chronic cardiomyopathy
Hypertension

Liver Fa�y liver
Alcoholic hepatitis
Cirrhosis

Gastrointestinal tract, esophagus Chronic in�ammation
Malignant neoplasms
Mallory-Weiss tears
Esophageal varices

Stomach Gastritis
Peptic ulcer disease

Pancreas Acute pancreatitis
Chronic pancreatitis

Other medical problems Cancers: mouth, oropharynx, esophagus, 
colorectal, breast, hepatocellular carcinoma

Pneumonia
Tuberculosis

Psychiatric Depression
Anxiety
Suicide

Behavioral and psychosocial Injuries
Violence
Crime
Child or partner abuse
Tobacco, other drug abuse
Unemployment
Legal problems
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and the prevalence of a�ective disorders is about 30%. Antisocial personality 
disorder is also more common in individuals with alcohol problems than in 
the general population. �ese psychiatric problems are more prevalent during 
periods of heavy drinking and withdrawal. All patients with alcohol use dis-
orders require careful screening for psychiatric illnesses. Although alcohol 
dependence may be associated with worse outcomes in patients with common 
psychiatric problems such as depression and anxiety, e�ective treatment of 
underlying psychiatric disorders may result in improved drinking behaviors.

Other Behavioral and Psychosocial Issues
Alcohol commonly is the underlying cause of domestic abuse, injuries, trauma, 
motor vehicle crashes, and burns. For example, of all substances of abuse, 
alcohol and cannabis appear to have the strongest association with intimate 
partner violence. Patients presenting with injuries should be questioned care-
fully about their alcohol use. Tobacco use (Chapter 29) and other drug abuse 
(Chapter 31) are more prevalent in people with alcohol problems than in the 
general population.

 DIAGNOSIS
Data from the history, physical examination, and laboratory generally are 
needed to provide a complete picture of the extent of alcohol problems in 
a�ected patients (Table 30-3).

History
A four-step approach to the alcohol history includes comprehensive questions 
about alcohol use and a thorough evaluation for alcohol-related problems.8

Step 1: Ask All Patients about Current and Past Alcohol Use
A single question�Do you currently or have you ever used alcohol?�can 
quickly identify patients who are not lifetime abstainers and require further 
screening. Patients who answer yes to this question should proceed through 
the subsequent three steps. Patients who answer no can be classi�ed as lifetime 
abstainers from alcohol and require no further questioning unless their answer 

nausea, vomiting, fever, and hypotension, can be life-threatening (Chapter 
135). Individuals who have recurrent acute pancreatitis may develop chronic 
pancreatitis, which typically presents with chronic abdominal pain, malabsorp-
tion, weight loss, and malnutrition.

Hematopoietic System
�e anemia that commonly is seen in patients with chronic alcohol problems 
can be multifactorial (e.g., blood loss, nutrient de�ciency, secondary to liver 
disease and hypersplenism). Studies of selected inpatients with alcohol depen-
dence showed the prevalence of anemia to range from about 10 to 60%. 
Gastrointestinal blood loss due to Mallory-Weiss tears (Chapter 126), alcoholic 
gastritis (Chapter 123), or esophageal varices (Chapters 126 and 144) may 
be a key factor, and many patients develop subsequent iron de�ciency. Dietary 
folate de�ciency can be associated with megaloblastic anemias (Chapter 155). 
Alcohol also has a direct toxic e�ect on the bone marrow, which can lead to 
sideroblastic anemia that resolves a�er abstinence. Alcohol can suppress mega-
karyocyte production and cause thrombocytopenia, which may manifest as 
ecchymoses or bleeding (Chapter 163); the thrombocytopenia is particularly 
sensitive to abstinence, with platelet counts usually rebounding or returning 
to normal within 5 to 7 days a�er cessation of alcohol intake. Alcohol also 
appears to interfere directly with platelet function. Alcohol-related immune 
dysfunction, as evidenced by decreased production and function of white 
blood cells and derangement in humoral and cell-mediated immunity, partly 
explains why alcohol-dependent individuals are at higher risk for infectious 
diseases, such as pneumonia and tuberculosis.

Malignant Neoplasms
Alcohol intake has been associated with numerous cancers,7 including cancer 
of the upper digestive, respiratory, and liver malignant neoplasms. �e amount 
of alcohol exposure that increases cancer risk may vary widely and may not 
correlate with what might be considered to be �safe� levels of alcohol con-
sumption. Concerning speci�c cancers, alcohol use is associated with squamous 
cell carcinomas of the esophagus (Chapter 183) and of the head and neck 
(Chapter 181). �e co-occurrence of alcohol and tobacco abuse seems to be 
synergistic. Either heavy alcohol use or smoking individually increases the 
rate of oropharyngeal cancer by about six or seven times that of the general 
population, whereas the rate for people with both risk factors is about 40 
times that of the general population. Patients with alcohol-induced liver disease 
who also have a history of hepatitis B or C are at particularly increased risk 
for hepatocellular carcinoma (Chapter 186).

Chronic alcohol use also has been associated with malignant neoplasms of 
the breast (Chapter 188), prostate (Chapter 191), pancreas (Chapter 185), 
cervix (Chapter 189), lung (Chapter 182), and colon (Chapter 184). Women 
who have more than one or two alcoholic drinks per day may increase their 
breast cancer risk 1.5-fold or more. Hormonal mechanisms and direct carci-
nogenic e�ects of alcohol have been postulated as causes of this association. 
�e association of cervical cancer with alcohol dependence may be due to 
alcohol-associated high-risk sexual behaviors that are thought to increase the 
risk for cervical cancer.

Other Medical Issues
Gout has been associated with alcohol abuse, and �ares can occur at lower 
serum urate levels than in nonalcoholic patients (Chapter 257). Alcoholic 
ketoacidosis (Chapter 110), which usually follows an alcoholic binge, presents 
as nausea, vomiting, abdominal pain, and volume depletion. Typically, keto-
acidosis is seen with low or normal glucose readings. Mild or nonspeci�c 
abnormalities in thyroid function, especially in patients with underlying liver 
disease, may re�ect abnormalities in the clearance of thyroid-stimulating 
hormone or the impact of elevated circulating estrogens. Infertility and men-
strual irregularities have been associated with chronic alcohol consumption, 
presumably due to alcohol-induced hypothalamic-pituitary dysfunction, gonadal 
toxicity, and impaired hepatic metabolism of circulating hormones. Hypogo-
nadism is highly prevalent in male alcoholics with cirrhosis. Alcohol dependence 
also is associated with higher rates of dental and periodontal disease (Chapter 
397) and with a variety of dermatologic problems, including spider angiomas 
and, in patients with poor hygiene, skin infestations. Both at-risk drinking 
and alcohol dependence have been shown to be associated with an increased 
risk for hospital-acquired infections, sepsis, and mortality, especially in intensive 
care patients.

Psychiatric Issues
Psychiatric symptoms and illnesses are exceedingly common among individu-
als with alcohol problems. �e prevalence of anxiety disorders is about 40%, 

dysfunction, as is seen in Wernicke encephalopathy and Korsako� syndrome 
(Chapter 388). Alcohol also causes a polyneuropathy that can present with 
paresthesias, numbness, weakness, and chronic pain (Chapters 388 and 392). 
As with the central nervous system, peripheral nervous system e�ects are 
thought to be caused by a combination of the direct toxicity of alcohol and 
nutritional de�ciencies. A small proportion (�1%) of patients with alcohol 
dependence may develop midline cerebellar degeneration, which presents as 
an unsteady gait.

Cardiovascular System
�e most common cardiovascular complications of chronic alcohol consump-
tion are cardiomyopathy, hypertension, and supraventricular arrhythmias. In 
fact, an epidemiologic study demonstrated that excessive alcohol use increased 
the risk of heart failure, myocardial infarction, and atrial �brillation to a similar 
degree as other established �traditional� risk factors.4 Alcoholic cardiomyopathy 
can present clinically in a manner similar to other causes of heart failure (Chapter 
52). It is the most common cause of nonischemic cardiomyopathy in Western 
countries, accounting for about 45% of cases. Like other causes, alcoholic 
cardiomyopathy also responds to conventional treatments of heart failure 
(Chapter 53). Abstinence from alcohol can result in signi�cant improvement 
in cardiomyopathy in some patients. Increasing levels of alcohol consumption 
also are associated with increasing levels of systolic and diastolic hypertension 
(Chapter 70).

�e most common arrhythmias associated with chronic alcohol use include 
atrial �brillation and supraventricular tachycardia; these are seen commonly 
in the se�ing of acute intoxication and withdrawal (Chapter 58). �e preva-
lence of alcohol-induced arrhythmias is unclear. One study did note that heavy 
alcohol consumption was a risk factor for a prolonged QTc interval, suggesting 
a potential etiology for some alcohol-related arrhythmias (Chapter 59). Alco-
holic cardiomyopathy also is associated with arrhythmias, in particular, ven-
tricular arrhythmias (Chapter 59). �e association between high levels of 
alcohol intake and increased cardiovascular mortality may be lessened in the 
presence of high physical activity.5

Liver
Alcohol abuse is the major cause of morbidity and mortality from liver disease 
in the United States.6 It has been estimated that there are more than 2 million 
people with known alcoholic liver disease in the United States. Factors that 
predispose to early liver disease include the quantity and duration of alcohol 
exposure, female gender, and malnutrition. �e range of clinical manifestations 
includes acute fa�y liver, alcoholic hepatitis, and cirrhosis (Chapter 143). 
Fa�y liver associated with alcohol ingestion can be asymptomatic or associated 
with nonspeci�c abdominal discomfort; it generally improves with abstinence 
from alcohol. Alcoholic hepatitis can present as an asymptomatic condition 
identi�ed through abnormalities in liver enzymes or as an acute episode with 
abdominal pain, nausea, vomiting, and fever. Patients with alcoholic hepatitis 
have particularly high levels of aspartate aminotransferase in the blood and 
elevated levels of �-glutamyltransferase. Alcoholic hepatitis typically improves 
with abstinence from alcohol along with supportive care.

Alcohol-related cirrhosis is a major cause of death in the United States 
(Chapter 145). Although patients are o�en asymptomatic, patients with more 
advanced cirrhosis may present with a variety of symptoms and signs, includ-
ing jaundice, ascites, and coagulopathy which can bene�t from management 
approaches tailored to this patient population. Cirrhosis also is associated 
with gastrointestinal bleeding from esophageal varices (Chapter 129). Although 
there is some controversy about the use of liver transplantation to treat patients 
with alcoholic cirrhosis, many believe that patients in established recovery 
are good candidates for liver transplantation (Chapter 145).

Gastrointestinal Disease
Chronic alcohol use is associated with a variety of esophageal problems, includ-
ing esophageal varices, Mallory-Weiss tears, and squamous cell carcinoma 
of the esophagus (Chapter 183). �e risk for squamous cell carcinoma is 
increased further in patients who smoke tobacco and drink alcohol (Chapter 
183). Patients with these problems can present with di�culty swallowing, chest 
pain, gastrointestinal blood loss, and weight loss. Acute alcoholic gastritis typi-
cally presents with abdominal discomfort, nausea, and vomiting (Chapter 123).

Pancreas
�e risk for pancreatitis in individuals with alcohol dependence is approxi-
mately four times that in the general population. Quantity and duration of 
alcohol exposure and a history of pancreatitis are predictive of future episodes. 
Acute alcoholic pancreatitis, which may present with severe abdominal pain, 
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TABLE 30�5	 MEDICATIONS FOR THE TREATMENT OF ALCOHOL DEPENDENCE*
MEDICATION DOSE AND ROUTE FREQUENCY EFFECTS MAJOR COMMON ADVERSE EFFECTS
ALCOHOL WITHD�WAL
Benzodiazepines�

Chlordiazepoxide* 25-100 mg, PO/IV/IM� Every 4-6 hr Decreased severity of withdrawal; stabilization of vital 
signs; prevention of seizures and delirium tremens

Confusion, oversedation, respiratory depression

Diazepam� 5-10 mg, PO/IV/IM� Every 6-8 hr
Oxazepam� 15-30 mg, PO� Every 6-8 hr
Lorazepam� 1-4 mg, PO/IV/IM� Every 4-8 hr
�-Blockers
Atenolol 25-50 mg, PO Once a day Improvement in vital signs Bradycardia, hypotension
Propranolol 10-40 mg, PO Every 6-8 hr Reduction in craving
�-Agonists
Clonidine 0.1-0.2 mg, PO Every 6 hr Decreased withdrawal symptoms Hypotension, fatigue
Antiepileptics
Carbamazepine 200 mg, PO Every 6-8 hr Decreased severity of withdrawal; prevention of 

seizures
Dizziness, fatigue, red blood cell abnormalities

PREVENTION OF RELAPSE
Disul�ram� 125-500 mg, PO Daily Decreased alcohol use among those who relapse Disul�ram-alcohol reaction, rash, drowsiness, 

peripheral neuropathy
Naltrexone� 50 mg, PO Daily Increased abstinence, decreased drinking days Nausea, abdominal pain, myalgias-arthralgias

380 mg, IM Every 4 wk
Acamprosate� 666 mg, PO �ree times a day Increased abstinence Diarrhea
*Most commonly used medications listed.
�Currently approved by U.S. Food and Drug Administration for the indication noted.
�Dose and routes given for standard �xed-dose regimens, which include dose tapers over time.

signs and symptoms of alcohol withdrawal but are viewed best as adjunctive 
medications to be used in addition to benzodiazepines.

Prevention of Relapse
Counseling Strategies Used by Alcohol Treatment Programs

Three commonly used psychotherapeutic techniques are motivational 
enhancement therapy, 12-step facilitation, and cognitive-behavioral coping 
skills. Two of these techniques are designed to give patients speci�c tools to 
help them avoid relapse to alcohol use. In motivational enhancement therapy, 
patients identify reasons for staying away from alcohol. The 12-step facilitation 
therapy uses the principles of AA to help patients focus their attention on 
abstinence. In cognitive-behavioral coping skills therapy, the patient identi�es 
triggers to alcohol use and develops strategies to help deal with the triggers 
when they are present.

Project MATCH (Matching Alcohol Treatments to Client Heterogenicity) showed 
equivalence among three counseling approaches (cognitive-behavioral coping 
skills therapy, motivational enhancement therapy, or 12-step facilitation therapy) 
to treat alcohol dependence. At 1-year follow-up, most enrolled patients either 
remained abstinent or signi�cantly decreased their alcohol use.

Self-Help Groups
Self-help groups such as AA and Rational Recovery are an important source 

of support and treatment for many patients with alcohol dependence. AA has 
the advantage of being widely available throughout the United States and is 
free of charge. The overall approach to treatment is based on the 12 steps for 
maintaining abstinence and dealing with the various e�ects of alcohol. AA 
meetings can be either �open� to anybody in the community or �closed� for 
active members only. The meetings vary in format, size, location, and demo-
graphic makeup. In counseling patients about attending AA, it is important for 
physicians to make them aware that variations in the nature of speci�c meet-
ings, especially location and demographics of participants, require patients to 
be willing to attend more than one meeting site on a trial basis so that they 
�nd a comfortable setting.

Research on the e�ectiveness of AA has been limited, and there are no large 
controlled studies. Indirect evidence suggests, however, a signi�cant improve-
ment in alcohol use behaviors.

Pharmacotherapy to Prevent Relapse to Alcohol Use
The addition of medication to enhance the e�ectiveness of counseling thera-

pies has been the subject of research for over 40 years. As the neurobiology 
of alcohol use disorders has become more clearly understood, the potential 
to develop medications that may promote abstinence or decreased alcohol 
use has grown.14,15 Three medications�disul�ram, naltrexone, and acampro-
sate�are approved for the treatment of alcohol dependence in the United 
States (see Table 30-5).

Disul�ram
Disul�ram is designed to prevent alcohol use by causing a severe adverse 

reaction when patients use alcohol. The disul�ram reaction, which includes 
�ushing, nausea, vomiting, and diarrhea, is mediated by the inhibition of alcohol 
dehydrogenase and the resulting increase in serum levels of acetaldehyde and 
acetate after ingestion of alcohol (see Fig. 30-1). Disul�ram also a�ects mono-
amine metabolism, and the alcohol-disul�ram reaction may be related to changes 
in central monoamine functioning. Although disul�ram o�ers little bene�t to 
most patients, it is e�ective in reducing alcohol intake in highly motivated 
patients who are supervised in an alcohol treatment program.

Naltrexone
Naltrexone is thought to decrease alcohol use by diminishing the euphori-

genic e�ects of alcohol and by decreasing craving in alcohol-dependent 
patients. Randomized, placebo-controlled trials generally have shown that 
alcohol-dependent patients who receive naltrexone (50 mg/day) are more 
likely to decrease their alcohol use or remain abstinent compared with patients 
who receive placebo, and the e�ects persist after discontinuation of treatment, 
although one randomized trial did not show bene�t in male veterans with 
severe alcohol dependence. While most studies of naltrexone were performed 
in a specialty alcohol treatment setting and observed subjects for only 10 to 
12 weeks, naltrexone also is e�ective in outpatient and primary care settings 
in patients who are followed for up to 34 weeks. A2  A predicted biomarker 
(�-opioid receptor gene polymorphism) of risk of relapse to heavy drinking 
following naltrexone treatment was not supported in a randomized clinical 
trial. A3  However, pharmacogenetics continues to hold promise in improving 
the targeting of medications to prevent alcohol use relapse. Side e�ects of 
naltrexone are infrequent, most notably self-limited nausea in about 10% of 
patients. Dose-related hepatotoxicity has been reported in patients treated 
for obesity with high-dose naltrexone (300 mg/day). Mild liver enzyme abnor-
malities are not a contraindication to naltrexone, but patients should be fol-
lowed with repeated liver enzyme studies. Patients with acute hepatitis or 
liver failure should not use naltrexone. In addition to the oral naltrexone, a 
newer long-acting injectable form of naltrexone is approved by the U.S. Food 
and Drug Administration (FDA). Injectable naltrexone is typically administered 
at a dose of 380 mg intramuscularly every 4 weeks. Before beginning nal-
trexone, it is important to be sure that the patient is not opioid dependent 
in order to avoid a potentially severe opioid withdrawal reaction. Complete 
opioid abstinence for at least 7 to 10 days is recommended. Adverse reac-
tions seen most commonly in patients who receive injectable naltrexone 
include injection site reactions (e.g., induration, itching) and symptoms such 
as nausea and headache, which are generally self-limited. This formulation of 
naltrexone may be particularly e�ective in those with more severe alcohol use  
disorders.



TABLE 30�6	 OVERVIEW OF TREATMENT APPROACH FOR 
PATIENTS WITH ALCOHOL PROBLEMS

Evaluate all patients
For pa�erns of problem alcohol use (Table 30-1)
For alcohol-related complications, if indicated (Table 30-2)
With use of data collected from history, physical examination, and laboratory 

testing (Table 30-3)
For at-risk and nondependent problem drinkers

Advise to decrease alcohol use to below at-risk levels (Table 30-4)
Advise patients who cannot decrease use to below at-risk levels to abstain

For patients who are alcohol dependent
Assess for need for withdrawal management medications (Table 30-5)
Refer to an alcohol treatment program
Consider medication to prevent relapse (Table 30-5)

Acamprosate
Approved by the FDA in 2004, acamprosate (calcium acetylhomotaurinate) 

has been identi�ed as an e�ective agent for treatment of alcohol dependence. 
The precise mechanism of action of acamprosate is uncertain but may be related 
to its e�ects on neuroexcitatory amino acids and the inhibitory GABA system. 
In randomized, placebo-controlled clinical trials, subjects who received acam-
prosate were more likely to remain abstinent compared with subjects who 
received placebo. Side e�ects are minimal and typically include diarrhea. Like 
naltrexone, acamprosate is given as an adjunctive therapy to psychological 
treatments for alcohol dependence. Acamprosate appears to be e�ective in 
both men and women.

Other Pharmacologic Approaches to Prevent Relapse
There has been much interest in evaluation of the e�ectiveness of combina-

tions of drug therapies to treat alcohol dependence. One study of 160 patients 
suggested that the combination of naltrexone and acamprosate was more 
e�ective than either medication alone. A larger federally funded study that 
enrolled 1383 subjects, Project COMBINE, examined naltrexone and acamprosate 
alone and in combination with two di�erent psychological therapies to see 
which combination of pharmacologic and behavioral therapies is most e�ec-
tive. The behavioral therapies were medical management, which was designed 
to approximate counseling that can be provided in primary care and other 
medical settings, and combined behavioral intervention, which incorporated 
counseling techniques that are provided in alcohol treatment specialty settings. 
Results from this study demonstrated that patients receiving medical manage-
ment with naltrexone, combined behavioral intervention, or both fared best, 
lending further support to the idea that alcohol-dependent patients can be 
e�ectively treated in primary care and other medical settings. Interestingly, 
acamprosate was not shown to be e�ective in this study. Gabapentin is e�ec-
tive as a single drug therapy for treating alcohol dependence and relapse-related 
symptoms, such as insomnia, A4  and the addition of gabapentin to naltrexone 
improves drinking outcomes in alcohol-dependent patients.

Topiramate, a fructopyranose derivative, is an e�ective treatment of alcohol 
dependence at a dose of up to 300 mg/day and is especially e�ective in patients 
with a GRIK1 polymorphism. Other medications that have shown promise include 
ondansetron, bromocriptine, and sodium valproate. Other drugs have shown 
possible bene�ts in patients with alcohol use disorders, perhaps more speci�cally 
those with concurrent depression (e.g., �uoxetine) or anxiety (e.g., buspirone).

 PROGNOSIS
Alcohol abuse and dependence are chronic disorders that are characterized 
by exacerbations and remissions. �e prognosis is be�er for patients who seek 
treatment and receive it in a systematic way (Table 30-6), but it can be poor 
for patients with advanced liver disease and continued alcohol use. In addition, 
the use of combinations of medications (e.g., naltrexone plus acamprosate) 
is under investigation.

 FUTURE DIRECTIONS
To date, most studies have focused on shorter-term outcomes, from a few 
months to a year. It is important to understand more clearly what happens to 
these patients over time, especially the need for �booster sessions� to sustain 
improvements provided by brief interventions. Newer pharmacologic approaches 
including new formulations of existing medications that have been shown to 
be bene�cial along with new medications may help many patients. �ere has 
been increased interest in expanding chronic care management approaches 
like those used in managing patients with diabetes or heart failure to patients 
with substance use disorders. Although one large early trial failed to �nd a 
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bene�t, this approach may be bene�cial in selected populations of patients 
with substance use disorders. Newer technology-based therapies, such as a 
smartphone application to support recovery in individuals with alcohol use 
disorders, hold promise for improving treatment outcomes in the future.
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REVIEW QUESTIONS
1.	 A 58-year-old man presents to his primary care physician�s o�ce for follow-

up of hypertension. During the visit, he reports that he consumes 3 to 4 
glasses (approximately 5 ounces each) of red wine every day but denies 
any medical, behavioral, or social problems related to his drinking. He is 
a nonsmoker and does not have a history of alcohol or other substance 
use disorders. On examination, his blood pressure is 144/96 mm Hg, his 
pulse is 80 beats per minute, and the remainder of his examination is unre-
markable. What would be the most appropriate next step concerning his 
alcohol consumption?
	A.	 Refer him to Alcoholics Anonymous.
	B.	 Suggest that his current red wine consumption might have health ben-

e�ts, but he should not drink more than this amount.
	C.	 Prescribe naltrexone to help him stop drinking.
	D.	 Refer him to an alcohol treatment program for counseling.
	E.	 Advise him to decrease his consumption to no more than 2 drinks a 

day and reassess his alcohol use at the next visit.
Answer: E  �is patient exhibits �at-risk� drinking�a level of alcohol con-
sumption that increases his risk for alcohol-related health or social problems. 
Randomized clinical trials have demonstrated that brief physician advice in 
a primary care se�ing can result in reduced alcohol consumption, o�en to 
levels that are below those considered to be of risk in a patient such as this 
(e.g., �2 drinks/day). In this patient�s case, decreasing his alcohol use may 
also improve his blood pressure control. �e health-related risks associated 
with this level of alcohol consumption are likely to far outweigh any potential 
(and likely minimal if any) bene�t from consumption of red wine. Alcoholics 
Anonymous, naltrexone, and referral to an alcohol treatment program for 
counseling should be considered in patients who meet criteria for an alcohol 
use disorder, which is not the case with this patient.

2.	 A 30-year-old woman presents for evaluation of �shakiness.� She reports 
several months� history of heavy alcohol consumption, typically 8 to 10 
drinks per day including wine and vodka. Her presenting complaint began 
when she decided to quit drinking 1 day ago because she was recently 
placed on probation at work because of frequent tardiness related to her 
alcohol use. She notes that she has been drinking increased amounts of 
alcohol to �keep going� and that when she does try to decrease her alcohol 
use, especially with her recent trouble at work and some �close calls� while 
driving, she is unsuccessful. Which of the following best describes her 
alcohol consumption pa�ern and its related e�ects?
	A.	 She is su�ering from alcohol-related delirium tremens.
	B.	 She has a severe alcohol use disorder.
	C.	 She meets criteria for alcohol abuse.
	D.	 She has a mild alcohol use disorder.
	E.	 She is not a binge drinker.

Answer: B  �is patient meets at least six of the DSM-5 criteria for an alcohol 
use disorder and thus would be considered in the severe category. Her pres
entation as described includes several of these criteria: evidence of tolerance, 
withdrawal, more use than intended, unsuccessful a�empts to cut down, toler-
ance, use despite negative e�ects, failure to ful�ll a major role obligation, and 
use in hazardous situations. Although she does present with symptoms likely 
related to alcohol withdrawal, there is nothing in the presentation to suggest 
delirium tremens. Alcohol abuse is a term from earlier versions of DSM and 
is no longer used as diagnosis. Patients with a �mild� alcohol use disorder 
have only two or three of the DSM-5 criteria. She does not meet criteria for 
binge drinking.

3.	 �e same 30-year-old woman described in question 2 eventually develops 
severe enough withdrawal symptoms to be hospitalized for the medical 
management of her alcohol withdrawal. Which of the following is true 
concerning the course of her alcohol withdrawal?
	A.	 If present, withdrawal seizures are likely to occur between 48 and 72 

hours a�er the last drink.
	B.	 Chlordiazepoxide and diazepam are the only benzodiazepines that have 

been approved by the FDA for the treatment of alcohol withdrawal.
	C.	 Benzodiazepines have been demonstrated to e�ectively reduce the 

occurrence of alcohol withdrawal seizures.
	D.	 Longer acting benzodiazepines are always preferred to those that are 

shorter acting.
	E.	 �-Blockers are an e�ective alternative to benzodiazepines for the treat-

ment of alcohol withdrawal.
Answer: C  Benzodiazepines are the treatment of choice for the alcohol with-
drawal syndrome. �ere is strong evidence that they decrease the frequency 
of alcohol withdrawal seizures, and numerous randomized trials have dem-
onstrated their e�ectiveness in controlling withdrawal-related symptoms and 
vital sign abnormalities. Alcohol withdrawal seizures tend to occur within 12 
to 24 hours a�er alcohol consumption is reduced or stopped. �ere are four 
benzodiazepines that have been approved by the FDA�in addition to the 
two mentioned in choice B, oxazepam and lorazepam are also FDA approved. 
Short-acting benzodiazepines may be preferred in patients with severe liver 
disease. �-Blockers are e�ective adjuncts to benzodiazepines in the treatment 
of alcohol withdrawal but should not be used alone as an alternative to 
benzodiazepines.

4.	 �e same 30-year-old patient presented in questions 2 and 3 is discharged 
from the hospital a�er successful treatment of the alcohol withdrawal syn-
drome. Which of the following is the appropriate �next step� in the man-
agement of her alcohol-use disorder?
	A.	 Assess her motivation to remain alcohol free and determine her interest 

in receiving treatment for relapse prevention.
	B.	 Refer her to the Alcoholics Anonymous program that your father went 

to.
	C.	 Continue her benzodiazepines as an outpatient to help her stay away 

from alcohol.
	D.	 Discharge her on disul�ram and see her back in your o�ce in a month.
	E.	 Advise her to abstain from alcohol and see her back in your o�ce in a 

month.
Answer: A  �e �rst step in managing patients with alcohol use disorders 
who have been successfully detoxi�ed is to assess their motivation to remain 
alcohol free and discuss various follow-up treatment options in order to assess 
their interest in treatment and help identify the best approach to ge�ing relapse 
prevention therapy. Patients who are suitably motivated and interested in 
engaging in ongoing treatment should then be referred as appropriate. �ose 
who are not ready to accept treatment may bene�t from motivational inter-
viewing approaches and close follow-up in order to engage them in treatment 
in the future. Alcoholics Anonymous may be helpful to many patients; however, 
without assessing a patient�s motivation, it is di�cult to tell if such a referral 
will be followed. In addition, AA meetings di�er in terms of their content and 
membership, and patients may need to try several meeting sites to �nd a group 
that they are comfortable with. Benzodiazepines are not indicated for the 
prevention of relapse to alcohol use. Disul�ram has been shown to be e�ective 
in highly motivated patients who receive treatment in a highly supervised 
manner. �ere is no evidence that brief advice alone is e�ective in the treat-
ment of alcohol use disorders.
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Answer: D  In several clinical trials, naltrexone has been demonstrated to 
decrease alcohol consumption in individuals who are dependent on alcohol. 
Although generally well tolerated, contraindications include current opioid 
dependence and severe liver disease. Although it is true that some Alcoholics 
Anonymous participants or groups may frown upon the use of medication to 
treat alcohol use disorders, this is not a reason to not use these medications. 
However, patients should be made aware of this possibility and counseled on 
how to deal with this if it occurs. Disul�ram has been shown to be e�ective 
in highly structured treatment programs. Although it may be helpful in some 
primary care patients, there is no evidence that it is e�ective when used by 
primary care physicians in an unstructured manner. �ere is no signi�cant 
evidence that combinations of relapse prevention medications improve out-
comes in patients who are dependent on alcohol. Topiramate has been dem-
onstrated to be e�ective in preventing relapse to alcohol use in some studies, 
but it is not yet approved for this indication.

5.	 A 47-year-old man presents to his primary care physician for a routine 
preventive health visit. He has a history of an alcohol use disorder and has 
been hospitalized three times for alcohol withdrawal, is participating in 
Alcoholics Anonymous, and is currently ge�ing cognitive behavioral therapy 
from a therapist. Despite this, he continues to struggle with craving for 
alcohol and has had numerous relapses interrupting episodes of sobriety. 
He has heard about medications that might help him prevent these relapses 
and would like to try something. Which of the following is the most appro-
priate recommendation?
	A.	 Don�t use a relapse prevention medication because this will be frowned 

upon by his Alcoholics Anonymous group.
	B.	 Give him a prescription for disul�ram and ask him to follow up in 3 

months.
	C.	 Start with a combination of naltrexone and acamprosate because this 

will yield the best results.
	D.	 Consider the use of intramuscular naltrexone, 380 mg per month.
	E.	 Prescribe topiramate, 300 mg a day.
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ABSTRACT
Substance use disorders are highly prevalent and are responsible for a great 
deal of morbidity and mortality. While some symptoms of substance use 
disorders are drug speci�c, they all have in common some combination of 
impaired control, social impairment, risk use, and pharmacologic symptom 
criteria, including tolerance and physical dependence. �e etiology of substance 
use disorders is multifactorial; it is useful to think of a public health model 
of disease in this respect (i.e., an interaction between the individual, the drug, 
and the environment in which the drug is used). Medical complications from 
drug use disorders are o�en related to factors that cut across many of the 
drugs of abuse, including paraphernalia (e.g., unsterile needles), adulterants, 
and lifestyle issues. However, drug-speci�c issues are also critical; these include 
respiratory depression among users of opioids and ventricular tachyarrhyth-
mias, vasoconstrictive e�ects, and grand mal seizures among users of cocaine. 
Treatment of substance use disorders varies according to the drug, with e�ec-
tive pharmacotherapies prominent in the treatment of opioid use disorders 
and largely psychosocial treatments for the treatment of those using cocaine 
or cannabis.
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However, the presence of these two disorders in the same person does not 
necessarily imply causation, even if one of the disorders is manifested �rst.

In addition to the risk factors mentioned previously, certain individual 
protective factors may reduce the likelihood of a substance use disorder. Indi-
viduals who have positive familial relationships, academic success, and mean-
ingful religious a�liations have a lower likelihood for development of drug 
problems. �e fact that many people have a mixture of risk and protective 
factors speaks to the complex etiologic nature of drug use disorders.

The Agent
Most drugs of abuse are inherently reinforcing; animals typically will self-
administer most of the commonly abused drugs. Not all drugs are equally 
reinforcing in general, however, and there is a great deal of individual variation 
in drug preference. Some people like the stimulating e�ects of drugs such as 
cocaine and amphetamine, whereas others experience that level of stimulation 
as uncomfortable. Some people like the relaxation induced by drugs such as 
marijuana and sedative-hypnotics, whereas others feel overly slowed down 
by these drugs. Although some people gravitate toward particular drugs of 
abuse because of their speci�c pharmacologic properties, others use a variety 
of drugs indiscriminately, based on level of availability; some of these people 
are primarily seeking to alter their current emotional state, regardless of the 
direction in which it is changed. �e reinforcing properties of many drugs of 
abuse appear to be mediated through dopaminergic pathways, although other 
neurotransmi�ers, including �-aminobutyric acid, serotonin, and norepineph-
rine, are also involved in mediating drug-induced reinforcement.

The Environment
�e third critical factor in the development, maintenance, and perhaps ces-
sation of drug use disorders is the environment in which the use occurs. Drug 
use does not occur in a vacuum. Rather, many societal factors, including legal 
status, availability, price, perception of dangerousness, social desirability, peer 
group, and religious beliefs, in�uence behavior relating to substance use. Drug 
availability is known to a�ect likelihood of substance use. For example, alcohol 
consumption has been shown to increase when the hours during which alcohol 
can be sold are extended. �e restriction of alcohol availability by restricting 
hours of sale or by increasing its cost through taxation in turn reduces con-
sumption. Illicit drugs are, of course, by de�nition less available than alcohol 
(Chapter 30) or tobacco (Chapter 29). A major factor that in�uences use of 
these agents is the potential user�s perception of the drug�s safety, social cachet 
(or lack thereof), likelihood of incurring legal consequences, and peer group 
behavior. Treatment research has shown that environmental in�uences can 
have a powerful e�ect on drug use. Studies have shown, for example, that 
o�ering an alternative positive reward (e.g., a voucher that can be exchanged 
for desired goods and services such as movie tickets or clothes) in response 
to abstaining from drugs may help drug-dependent individuals overcome their 
craving and reduce substance use. In fact, this type of treatment approach, 
based on the use of motivational incentives for abstinence, has been shown 
to be one of the most powerful treatment interventions available for the treat-
ment of drug use disorders. �e impact of environmental contingencies dem-
onstrates the importance of appreciating the complexity of the interaction 
among the individual, the drug, and the environment in the determination 
of drug use.

 CLINICAL MANIFESTATIONS
Medical Complications Related to Drug Use Disorders
Drug use disorders are associated with signi�cant medical morbidity and 
sometimes with mortality. Medical complications are o�en directly related 
to the pharmacology of the abused agent, for example, the vasoconstrictor 
properties of cocaine; drug-speci�c complications are described later in the 
sections focusing on particular drugs of abuse.

In addition to these drug-speci�c sequelae, however, many medical com-
plications incurred by patients with drug use disorders occur not as a result 
of the particular drug being used. Rather, serious complications may occur 
as a result of three factors that cut across many of the drugs of abuse: para-
phernalia, particularly unsterile needles; adulterants; and lifestyle issues.

Paraphernalia
Some of the most serious medical problems that occur in individuals with 
drug use disorders are a result of the route of administration rather than of 
the actual drug being used. �e use of unsterile needles, particularly if they 
are shared with other drug users, can lead to a variety of localized and sys-
temic infections, some of which can be life-threatening. Skin infections and 

 EPIDEMIOLOGY
Use of illicit drugs and nonmedical use of prescribed drugs are common. In 
2015, approximately 27.1 million Americans reported using an illicit drug in 
the previous month, representing approximately 10% of the population. When 
asked about their substance use in the past month, 22 million people reported 
using marijuana, 6.4 million reported using potentially psychoactive prescrip-
tion drugs nonmedically (3.8 million of whom used prescription opioids 
nonmedically), 1.9 million people used cocaine, and 1 million people used 
hallucinogens; in fact, 10% of youths aged 12 to 17 years reported using an 
illicit drug in the past month. Overdose deaths from opioids, cocaine, and 
psychostimulants continue to rise in the United States, now exceeding 60,000 
per year.1

 PATHOBIOLOGY
Drug use disorders involve complex interactions between the pharmacology 
of a speci�c drug, an individual�s genetic makeup, psychological strengths 
and weaknesses, environmental circumstances, and societal in�uences (such 
as physical and perceived drug availability, legal status and cost of the drug, 
religious and cultural mores, and presence of alternative rewarding activi-
ties). �us, one can conceptualize the etiology of drug abuse by employing 
the public health model frequently cited in the study of infectious disease, 
that is, as an interaction among the host (i.e., the potential drug user), the 
agent (a speci�c drug), and the environment (the person�s family life and 
peer group and the social, cultural, and religious a�itudes toward use of that  
substance).

The Host
A host factor that is well known to heighten vulnerability to drug use problems 
is a positive family history of a substance use disorder, which has been shown 
to increase the likelihood of development of both alcohol and drug use dis-
orders. Twin studies and adoption studies have shown that both genetic and 
environmental factors contribute to this vulnerability, although the precise 
nature by which this occurs is still unknown and a subject of active research.2 
One area of great research interest relates to whether people can be vulner-
able to drug use disorders in general (e.g., as a result of a risk-taking tem-
perament or poor decision making) or whether they are at high risk to abuse 
particular substances (perhaps because of a highly reinforcing response to a  
speci�c drug).

Psychiatric illness has been shown to in�uence the likelihood for develop-
ment of drug use problems. For example, conduct disorder in childhood and 
adolescence and antisocial personality disorder in adulthood have both been 
found to predispose to subsequent drug use problems. Psychiatric disorders 
such as mood disorders are frequently noted in people with drug use disorders. 

TABLE 31�1	 DSM�5 CRITERIA FOR SUBSTANCE  
USE DISORDERS

IMPAIRED CONTROL
1.	 Took larger amounts/for longer period of time than intended
2.	 Persistent desire or unsuccessful a�empts to stop or reduce use
3.	 Much time spent using a substance or recovering from its e�ects
4.	 Craving

SOCIAL IMPAIRMENT
5.	 Failure to ful�ll home, work, or school obligations because of repeated substance 

use
6.	 Continued use despite experiencing interpersonal problems
7.	 Reducing/giving up important social, recreational, or occupational activities

RISKY USE
8.	 Recurrent use in hazardous situations
9.	 Physical/psychological problems related to use

PHARMACOLOGIC CRITERIA
10.	 Tolerance, when relevant*
11.	 Physical dependence, when relevant*
Substance use disorder is diagnosed if two or more of these 11 criteria are met within a 12-month 
period.
*�When relevant� indicates that these criteria are not counted, even if the symptoms are present, 
when an individual is using legitimately prescribed medications as intended and those medications 
are helping the person to function be�er.
Data from Hasin DS, O�Brien CP, Auriacombe M, et al. DSM-5 criteria for substance use disorders: 
recommendations and rationale. Am J Psychiatry. 2013;170:834-851.
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  MAJOR DRUGS OF ABUSE
 Opioids
For centuries, opioids have been a core part of the medical pharmacopoeia, 
primarily because of their capacity to treat pain but also because of their 
antitussive and antidiarrheal properties. Unfortunately, opioids are also power-
ful euphoriants and thus have substantial abuse liability. Although opium itself 
has been used for centuries, the isolation of morphine and codeine from opium 
in the 19th century along with the introduction of the hypodermic needle 
led to the increased prevalence of intravenous opioid use. Ironically, heroin 
was introduced near the end of the 19th century as a treatment for morphine 
addiction.

Opioids can be divided into four categories: natural opium alkaloids, includ-
ing opium, morphine, and codeine; semisynthetic derivatives of morphine, 
including heroin and oxycodone; synthetic opioids that are not derived from 
morphine, including methadone and meperidine; and opioid-containing 
preparations, such as elixir of terpin hydrate.

 EPIDEMIOLOGY
Opioid use disorder represents a signi�cant public health problem and accounts 
not only for many admissions for treatment, but for increasing mortality over 
the past decade; according to the United States CDC, opioid overdoses 
accounted for more than 33,000 deaths in 2015, a quadrupling since 1999. 
Opioids are currently the most commonly misused prescription drugs. Most 
people who use opioid analgesics in this way report that they initially obtained 
them from a friend or relative. It is thus likely that a portion of these people 
might, for example, have used a relative�s opioid for the treatment of a tem-
porary painful condition such as a migraine headache. However, the number 
of people seeking treatment as a result of an opioid analgesic use disorder has 
increased dramatically in the past two decades. Although overdoses from 
prescription opioids are more common than those from heroin, overdose 
deaths from heroin have been increasing rapidly in the past several years.5 
Factors that have been tied to the increase in heroin overdose deaths include 
the shi� among some nonmedical prescription opioid users to heroin in 
response to lower availability and higher cost of prescription opioids and the 
increased use of fentanyl as an adulterant in heroin.6

 PATHOBIOLOGY
Opioids are readily absorbed when they are taken orally, intranasally, or by 
smoking or injection. Heroin, which is almost immediately converted to mor-
phine in the liver, is most commonly injected but may be smoked or used 
intranasally.

Opioids work by binding to speci�c opioid receptors and then exerting 
their activity. �e major subtypes of opioid receptors have been identi�ed 
and well described. Most of the commonly abused opioids bind as agonists 
to the �-receptor and typically produce the e�ects most commonly associated 
with opioids: miosis, respiratory depression, analgesia, euphoria, and drowsi-
ness. Opioids that bind to the �-receptor, unlike �-receptor agonists, o�en 
produce dysphoria rather than euphoria. �e other two receptors, �- and N/
OFQ-receptors, do not appear to play a known signi�cant role in opioid use 
disorders.

Opioid analgesics are ordinarily taken by the oral route, but they may be 
altered to be used through a di�erent route of administration. �is is particu-
larly common with the extended-release preparations, some of which may be 
altered by chewing the pill (facilitating a rapid release of the opioid medica-
tion) or by crushing the pill, dissolving it in water, and then injecting it or 
using it intranasally.

 CLINICAL MANIFESTATIONS
�e initial response to the administration of heroin, particularly when it is 
used intravenously, is a �rush,� o�en described as orgasmic, lasting 30 to 60 
seconds. �is sensation is generally followed by a profound sense of relaxation 
that is sometimes referred to as being �wrapped in warm co�on.� During this 
period, the user generally feels drowsy and may be seen to be �nodding,� with 
mental clouding and a sense of tranquility. A reduction in respiratory rate 
occurs, along with miosis; reduced contractility of smooth muscle; and reduced 
secretions in the stomach, pancreas, and biliary tract. �us, constipation and 
urinary hesitancy may occur. Itching is commonly seen during opioid intoxica-
tion. Many people experience nausea and vomiting in their initial use of opioids, 
although tolerance tends to develop to this e�ect over time. Tolerance also 
occurs to some other e�ects rather quickly, particularly the analgesic, respira-
tory depressant, and euphoriant properties of opioids. In contrast, relatively 

cellulitis are relatively common among injection drug users. Systemic infec-
tions related to needle use are o�en serious; individuals who inject drugs 
may develop infective endocarditis (Chapter 67). Other relatively common 
infections among injection drug users include hepatitis B, hepatitis C, and HIV  
infection.

Adulterants
Drugs that are purchased and sold illicitly are o�en adulterated or �cut� with 
other similar-looking products, with the intention of increasing the dealer�s 
pro�t margin. For example, other white powdery substances are typically added 
to cocaine and heroin during the dealing process to dilute their purity. Some 
of these adulterants can in turn cause medical problems.3 At times, these 
complications occur because of the combined toxicity of the adulterant and 
the route of administration. �us, for example, a patient may have granu-
lomas in the lung or liver as a result of talc use; talc is commonly added to 
street heroin and can also cause di�culties in users who crush talc-containing 
pharmaceutical tablets (e.g., opioids) and then inject them. Other common 
adulterants in street drugs include quinine (frequently used with heroin) and 
lidocaine or levamisole (o�en added to cocaine), but such toxic materials 
as strychnine and ground glass have been found in samples of street drugs, 
leading to serious medical sequelae. In recent years, the extremely powerful 
opioid fentanyl has been sold either as an adulterant (e.g., added to heroin) 
or as a substitute for other opioids such as oxycodone. Indeed, it has been 
estimated that fentanyl was responsible for 41% of heroin overdose deaths from  
2012-2014.4

Lifestyle Issues
Many patients with drug use disorders expose themselves to multiple risks 
due to intoxication, participating in dangerous illegal activities, and associating 
with potentially violent people. As a result, these individuals experience a 
high rate of traumatic injuries and are at greater risk of being victims of assault, 
homicide, or suicide. Suicide is far more common among people with substance 
use disorders than among the general population; this may be related to a 
combination of the e�ects of acute intoxication, the high prevalence of depres-
sion among these individuals, and the higher rate of antisocial personality 
disorder in this population, which is associated with a propensity toward 
impulsiveness, risk taking, and violence. Although it is well known that intoxi-
cation can lead to motor vehicle crashes, intoxication can also serve as a risk 
factor for becoming a victim of someone else�s vehicle; one study reported 
that one third of pedestrians who are killed by motor vehicles have alcohol 
in their blood, perhaps a re�ection of the combination of risk taking, poor 
judgment, and impaired motor coordination that can occur during periods 
of intoxication.

General Treatment Principles
Drug use disorders represent a heterogeneous group of disorders. These 

are based on type of drug or drugs used; frequency and amount of use; sever-
ity of medical, behavioral, and social consequences; presence and severity of 
comorbid medical and psychiatric illness; and motivation to change. Treatment 
thus requires a careful medical and psychiatric assessment, including a detailed 
substance use history and laboratory testing. It is often helpful to enlist the 
help of a family member or signi�cant other (with the patient�s permission) in 
obtaining historical information. Intoxication and withdrawal syndromes need to 
be treated acutely; longer-term treatment involves helping the patient reduce or 
ideally abstain from substances of abuse and thus improve overall functioning.

Among the common drugs of abuse, medications with approval by the U.S. 
Food and Drug Administration (FDA) are available only for opioids and nicotine 
(nicotine is discussed in Chapter 29). However, researchers are actively studying 
a number of compounds for the treatment of other drugs of abuse, particularly 
stimulants and marijuana. Behavioral treatments are critically important in the 
treatment of substance use disorders. A number of behavioral treatments have 
a substantial evidence base supporting their e�cacy; these include cognitive-
behavioral therapy, motivational enhancement therapy, contingency manage-
ment (also referred to as motivational incentive) therapy, 12-step facilitation 
therapy, and behavioral couples therapy. In addition to professional treatment, 
peer support groups such as the 12-step�oriented Alcoholics or Narcotics 
Anonymous and non�12-step groups such as SMART Recovery can be extremely 
helpful in facilitating recovery from drug abuse problems.

TREATMENT 
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li�le tolerance occurs to constipation or to pupillary constriction. It is important 
to be aware, then, that miosis is a manifestation of opioid use, but it is not 
diagnostic of opiate overuse or intoxication.7

Physical Dependence
Physical dependence on opioids leads to a characteristic withdrawal syndrome, 
the key signs of which include elevated heart rate and blood pressure, mydriasis, 
abdominal cramps, sweating, goose�esh, rhinorrhea, lacrimation, and gastro-
intestinal distress, particularly diarrhea, nausea, and vomiting. Insomnia is 
common, particularly di�culty in falling asleep; this is o�en the most long-
lasting complaint among people who experience opioid withdrawal. Yawning, 
muscle twitches, and di�culty with body temperature regulation are also 
commonly seen. �e severity of withdrawal can be highly variable, depending 
on the dose of opioids taken, the length of time that they have been taken, 
and individual factors. For short-acting opioids such as heroin and hydroco-
done, the earliest stages of withdrawal typically occur approximately 6 to 12 
hours a�er the last use. Peak symptoms tend to occur 48 to 72 hours a�er the 
last dose, and most clinical symptoms usually resolve within 7 to 10 days. For 
longer-acting opioids such as methadone, each of these time periods associ-
ated with withdrawal from short-acting opioids should be approximately 
doubled or tripled.

Other Medical Complications
�e most common serious medical complications that occur from opioid use 
(other than overdose and opioid use disorder itself) are typically related to 
factors other than the opioids themselves, particularly needle use and adulter-
ants; these were discussed previously. Common medical problems among 
heroin users include hepatitis B, hepatitis C, infective endocarditis, talc granu-
lomatosis, HIV infection, cellulitis, and abscesses, all typically related to needle 
use.

An important noninfectious complication that has been reported with opioid 
use disorders is alteration of the cardiac conduction system, with a prolonga-
tion of the QT interval; this can lead to potentially serious arrhythmias, includ-
ing torsades de pointes. �is complication has been particularly noted with 
methadone, especially in high doses.

Chronic pain is commonly seen among individuals with opioid use disor-
ders, not just those who have received opioids for the treatment of pain. Pain 
can occur in these individuals for numerous reasons. In addition to the pos-
sibility that a chronic painful condition led to the use of opioids in the �rst 
place, those dependent on opioids are more likely to experience accidents, 
violence, and other forms of physical trauma that could produce chronic pain. 
�ere is also some evidence that chronic opioid use may lead to hyperalgesia, 
although there is some controversy regarding this issue. As with all substance 
use disorders, psychiatric illnesses (particularly mood disorders) are more 
common in those with opioid use disorders than in the general population. 
Moreover, the use of multiple drugs is common in patients with opioid use 
disorders, particularly among those using heroin. Indeed, the use of more 
than one drug is more the rule than the exception in most substance use 
disorders. �e use of benzodiazepines along with opioids has been linked to 
a higher risk of overdose.8

Opioid Withdrawal
Opioid detoxi�cation can be accomplished by switching patients from their 

current drug of abuse (e.g., heroin, hydrocodone) to methadone or buprenor-
phine and then tapering that medication.9 Although the details of accomplishing 
this vary, one method commonly used in hospital settings is to administer 
methadone 10 mg orally whenever a patient experiences objective signs of 
opioid withdrawal (e.g., mydriasis, tachycardia, hypertension, and sweating). 
This process can be repeated every 2 to 4 hours for 24 hours after the initial 
dose; the total amount of methadone given in that 24-hour period is the �sta-
bilization dose,� which should not ordinarily exceed 40 mg. The stabilization 
dose is then reduced by 5 mg a day until the detoxi�cation is completed.

Buprenorphine can also be used successfully for opioid detoxi�cation A1 ; 
patients who demonstrate objective signs of opioid withdrawal (often measured  
with a standardized withdrawal severity scale such as the Clinical Opiate With
drawal Scale) can be stabilized with buprenorphine during a 1- to 2-day period;  
the subsequent taper from buprenorphine may occur either right away or after  
a period of stabilization with buprenorphine.10 The dose of buprenorphine will  
depend on whether the medication will be used for a brief, several-day detoxi�cation  
or for longer-term stabilization or maintenance treatment. Tramadol extended- 
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release (ER) has been reported to be more e�ective than clonidine and comparable 
to buprenorphine in reducing opioid withdrawal symptoms. A2 

Longer-Term Opioid Dependence Treatment
Three e�ective medications are approved by the FDA for the treatment of 

opioid dependence: methadone (a full opioid agonist), buprenorphine (a partial 
agonist), and naltrexone (an opioid antagonist). Methadone has been used 
successfully for both detoxi�cation from opioids and maintenance treatment 
for many years. A3  Unlike buprenorphine and naltrexone, which can be prescribed 
by physicians in their o�ces (although physicians wishing to prescribe buprenor-
phine for the treatment of opioid use disorder must receive specialized training 
and certi�cation to do so), methadone is available for the treatment of opioid 
use disorder only in specially licensed treatment programs. Methadone is a 
long-acting �-receptor agonist with a slow onset of peak e�ects (typically 
approximately 2 to 6 hours) and a slow o�set of action, allowing for once-a-day 
administration. Methadone reduces opioid craving and induces cross-tolerance, 
thus blocking or attenuating the e�ects of other opioid use. Although the 
therapeutic dose of methadone for a particular individual may vary, doses of 
60 mg or higher have typically been shown to be more e�ective than lower 
doses; there is some evidence that even higher doses (e.g., 80 mg a day or 
more) may be more e�ective than 60 mg. Methadone treatment has been 
shown to reduce opioid use, to increase employment, to decrease criminal 
behavior, and to reduce the rate of development of HIV infection.

When a patient enrolled in a methadone treatment program experiences 
acute pain (e.g., postoperatively) requiring opioid analgesia, the patient should 
continue to receive the baseline methadone maintenance treatment dose for 
the addiction and should receive a di�erent opioid for treatment of the pain 
(Chapter 27) or, if additional methadone is the analgesic of choice, it should 
be given every 6 to 8 hours in addition to the usual daily dose for the opioid 
use disorder. Before administering methadone, however, it is a good idea to 
con�rm the methadone dose with the patient�s treatment program. The fact 
that the patient is receiving methadone every day does not obviate the need 
for opioid analgesia. In fact, many patients receiving methadone treatment for 
opioid use disorder will require a dose of opioids that is relatively high as a 
result of cross-tolerance to other opioid drugs.

The Drug Addiction Treatment Act of 2000 revolutionized the treatment 
of opioid use disorder by enabling the approval of the partial opioid agonist 
buprenorphine for the treatment of opioid dependence and allowing treatment 
with buprenorphine to be administered in physicians� o�ces rather than exclu-
sively in specialized opioid treatment programs. To prescribe buprenorphine, 
physicians must apply to the Substance Abuse and Mental Health Services 
Administration for a waiver that allows them to prescribe buprenorphine, 
after taking an 8-hour training course on buprenorphine. At the time of this 
writing, physicians may treat up to 100, or in some cases, 275 patients with 
buprenorphine in their o�ce practice. Buprenorphine, a partial �-agonist and 
�-antagonist, has a more favorable safety pro�le than methadone because of its 
partial agonist properties. Respiratory depression, which can be induced by full 
agonists and is responsible for some overdose deaths, is far less likely to occur 
with buprenorphine because its partial agonist properties cause a plateau of 
opioid e�ects as the dose increases. Buprenorphine is administered sublingually, 
in either tablet or �lm form, for the treatment of opioid use disorder either as 
buprenorphine alone (sometimes referred to as the �mono� product) or (more 
commonly, in the United States) as a combination product of buprenorphine 
and naloxone; the naloxone is added to discourage users from dissolving and 
injecting the medication because the naloxone in the combination product will 
precipitate withdrawal when it is injected if the patient has used other opioids. 
Buprenorphine has been shown to be e�ective for both opioid detoxi�cation 
and maintenance treatment. Randomized trials have shown that extended 
treatment with buprenorphine-naloxone has produced far better outcomes 
compared with short-term detoxi�cation in opioid-addicted youths aged 15 to 21  
years. A4  Initiation of this combination in opioid-dependent patients seen in 
an emergency department is also better than referral to treatment or a brief 
intervention followed by facilitated treatment referral for reducing subsequent 
use of inpatient addiction treatment facilities. A5  Typical doses of 12 to 16 mg 
of sublingual buprenorphine per day appear to be as e�ective as methadone 
in doses up to approximately 60 mg a day. Buprenorphine is also e�ective for 
maintenance therapy of heroin addiction, A6  but individuals who require much 
higher doses of methadone may respond better to that agent than to buprenor-
phine. A7  To address problems with adherence, diversion, and nonmedical use, 
an FDA-approved implantable formulation of buprenorphine can provide a 
low, steady level of the drug lasting 6 months.

Naltrexone, a pure opioid antagonist, blocks the e�ects (including euphoria) 
of opioids. As a result, individuals taking naltrexone should have a reduced 
desire to use opioids because they will have no desired e�ect. When it is used 
orally (50 mg/day) or in its long-acting form (380 mg intramuscularly every 4 
weeks), naltrexone is highly e�ective at suppressing illicit opioid use. A random-
ized clinical trial in prescription opioid-dependent outpatients has also dem-
onstrated the e�ectiveness of naltrexone maintenance after buprenorphine 
taper. A8  However, naltrexone has traditionally su�ered from low acceptability; 
few patients have been interested in being treated with oral naltrexone. 
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the nucleus accumbens, is thought to be responsible for the reinforcing e�ects 
of cocaine. Amphetamines appear to increase the level of dopamine in the 
synaptic cle� primarily by stimulating presynaptic dopamine release as opposed 
to reuptake blockade.

 CLINICAL MANIFESTATIONS
Both cocaine and amphetamines reliably produce euphoria, wakefulness, a 
sense of initiative, increased self-con�dence (sometimes to the point of gran-
diosity), and, in some instances, sexual stimulation. With higher doses, users 
may feel �wired,� a syndrome characterized by anxiety, irritability, and perhaps 
paranoia. Withdrawal from either of these agents leads to opposite e�ects from 
those of intoxication: increased appetite, hypersomnia, and depression, which 
can occasionally be serious. Medical complications related to cocaine use are 
related to a combination of cocaine�s stimulant activity (increased heart rate and 
blood pressure) and its vasoconstrictor properties. Local complications that 
result from the drug�s vasoconstrictor activity include ulcerations of the nasal 
mucosa, perforation of the nasal septum, and decreased pulmonary di�usion 
capacity. Systemic complications include myocardial infarction, intracranial 
hemorrhage, grand mal seizures (as a result of intoxication, not withdrawal), 
and ventricular tachyarrhythmias, which may be responsible for sudden death. 
Physicians seeing a patient in an emergency department for an unexplained 
seizure should consider drug abuse as a potential cause. (Not only cocaine 
but also phencyclidine and meperidine intoxication may lead to seizures, as 
can sedative-hypnotic or alcohol withdrawal). A serum or urine toxicology 
screen may thus be an important diagnostic tool in such a situation.

 Central Nervous System Stimulants: Cocaine  
and Amphetamines
�e two most important central nervous system stimulants, cocaine and 
amphetamine (including methamphetamine12), are derived from di�erent 
sources; cocaine is extracted from coca leaves, whereas amphetamine is a 
synthetic compound. However, both induce similar psychoactive activity when 
they are taken illicitly and can produce similar adverse consequences. Amphet-
amine has been used over the years to treat obesity and to combat fatigue and 
depression. Cocaine is still used as a topical anesthetic for otolaryngologic 
surgery. Ironically, its vasoconstrictor action, which is responsible for many 
of the cocaine-related medical complications described later, can be valuable 
for surgeons because of the resultant reduction of blood �ow in the operating 
�eld. Although cocaine was not extracted from the coca leaf until the 19th 
century, coca leaves have been chewed for more than 1500 years for medicinal 
and religious purposes as well as to combat work-related fatigue. Sigmund 
Freud was one of the foremost advocates of cocaine, both extolling its psy-
choactive properties and discovering its ability to relieve pain, thus eventually 
leading to its discovery as the �rst local anesthetic. Cocaine was seen in the 
late 19th century as a �cure-all� and was included in numerous patent medicines 
as well as in Coca-Cola. �e Harrison Narcotic Act of 1914 restricted the use 
of cocaine, and the drug was not widely used until the late 1970s, when there 
was a resurgence in cocaine use in the United States.

Like cocaine, amphetamine was synthesized for the �rst time in the late 
19th century. It was used for clinical purposes for the �rst time in the 1920s. 
Reports of amphetamine abuse �rst occurred in the 1930s, with intermi�ent 
epidemics since that time. In recent years, methamphetamine abuse has been 
particularly prevalent and worrisome in the United States, with particularly 
high concentration of its use in the Midwestern and Western states, including 
Hawaii.

Cocaine can be used intranasally, by intravenous injection, or by smoking. 
Cocaine hydrochloride, which is the form of the drug used in medical thera-
peutics, is a water-soluble compound that can be used intranasally (�snorted�) 
or injected. Adding an alkaline compound such as baking soda to an aqueous 
solution of cocaine hydrochloride produces a rocklike compound known as 
crack, which can be smoked. Smoking cocaine produces the most rapid onset 
of intoxication (6 to 10 seconds) and the shortest period of drug e�ect (10 
to 15 minutes). Methamphetamine can also be used in multiple ways�orally, 
by smoking, or intravenously. Methamphetamine e�ects last much longer 
than those produced by cocaine; psychiatric symptoms such as paranoia that 
typically last only a ma�er of hours in cocaine users may persist for days to 
weeks a�er methamphetamine use and occasionally may result in a chronic 
psychotic state.

 EPIDEMIOLOGY
In 2015, approximately 1.9 million people, or 0.7% of the population of the 
United States, reported using cocaine in the past month. Of these past-month 
cocaine users, 21% (394,000) used crack. Cocaine and methamphetamine 
each had the third highest rate of drug use disorder in 2015 (behind opioids 
and cannabis).

 PATHOBIOLOGY
Both cocaine and amphetamine increase the accumulation and activity of 
speci�c neurotransmi�ers in the synaptic cle�, including dopamine, norepi-
nephrine, and serotonin. Cocaine is believed to exert this e�ect by binding 
to the dopamine transporter. Increased dopaminergic activity, particularly in 

The treatment of stimulant use disorders primarily consists of behavioral 
therapies, including individual and group therapy and self-help groups. Speci�c 
forms of treatment, such as cognitive-behavioral therapy, individual drug coun-
seling by a 12-step�oriented disease model, and a behavioral treatment in 
which patients are reinforced for positive outcomes (e.g., drug-free urine screens), 
have been found to be successful. A great deal of research has been conducted 
in search of an e�ective pharmacotherapeutic treatment for stimulant depen-
dence, but there is as yet no medication that has consistently been found to 
be e�ective enough to warrant approval by the FDA for this purpose.
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The treatment of people who are abusing benzodiazepines depends to some 
extent on the pattern of abuse. For individuals who have an anxiety disorder 
and have been misusing a legitimately prescribed medication, a common 
approach would be to taper the benzodiazepine and to institute a di�erent 
type of treatment, such as an antidepressant along with cognitive-behavioral 
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 Sedative-Hypnotic and Anxiolytic Drugs
Benzodiazepines and other sedative-hypnotic and anxiolytic medications such 
as barbiturates and zolpidem are frequently prescribed for the treatment of 
anxiety and sleep di�culties. Although these drugs have very di�erent chemi-
cal structures, they are grouped together according to their therapeutic appli-
cations. Most of these drugs act at the �-aminobutyric acid type A receptor 
and can cause physical dependence and both dispositional and pharmacody-
namic tolerance.

Because the benzodiazepines are far and away the most commonly prescribed 
sedative-hypnotics, they are also the most widely abused. �ere are two major 
pa�erns of benzodiazepine abuse. Many people who ultimately abuse these 
medications have initially received a legitimate benzodiazepine prescription 
for the treatment of anxiety or insomnia. However, a combination of tolerance 
and decreased e�ectiveness of the agent over time may lead some people to 
increase the dose on their own. In such circumstances, a�empts by the physi-
cian to taper the person o� of the medication can be very di�cult.

A second pa�ern of benzodiazepine abuse occurs among individuals who 
are using other drugs of abuse, most commonly opioids or stimulants. For 
example, many individuals who are dependent on heroin or other opioids 
may use benzodiazepines as a means of either enhancing the opioid e�ect or 
bu�ering symptoms of opioid withdrawal. Such individuals typically use rela-
tively large doses of benzodiazepines intermi�ently, and therefore many of 
these patients do not develop physical dependence on benzodiazepines, unlike 
the �rst category of patients, for whom physical dependence is common.

Moreover, among those who initially accept this treatment, the dropout rate 
is extremely high. An advantage of extended-release injectable naltrexone is 
that it can mitigate the traditionally poor adherence associated with the oral 
formulation; naltrexone can be a useful medication for patients who are willing 
(either as the result of external pressure or for internal motivation) to use it, 
such as those involved in the criminal justice system. A9 

Methadone, buprenorphine, and naltrexone are not designed to be delivered 
alone but should be given in conjunction with behavioral treatment to be 
e�ective. It has been well demonstrated that the administration of methadone 
in the absence of counseling is an inadequate treatment approach; less is known 
about the optimal combination of buprenorphine and counseling. Several 
studies have demonstrated that counseling delivered within a medical o�ce 
setting can be e�ective in conjunction with buprenorphine treatment, sug-
gesting that general physicians who are trained to use buprenorphine can 
e�ectively treat at least a portion of patients with opioid dependence in their 
o�ces with a combination of buprenorphine and counseling.11

 Marijuana
Marijuana, which refers to the dried leaves and �owers of the plant Cannabis 
sativa, has been used for its psychoactive and medicinal properties for centuries. 
�e psychoactive substance responsible for the marijuana �high� is �9-
tetrahydrocannabinol (THC); the concentration of THC has increased from 
1 to 3% in 1970 to nearly 10% in recent years.

 EPIDEMIOLOGY
Marijuana is the most commonly used illicit drug in the United States; nearly 
120 million Americans have used marijuana, and approximately 22 million 
report that they have used marijuana in the past month. With the recent trend 
toward legalization of medical marijuana13 and legalization of recreational 
marijuana in some states, those numbers will likely increase.

 PATHOBIOLOGY
Marijuana and other cannabinoids such as hashish (dried cannabis resin) 
exert their e�ects by binding to the cannabinoid receptors, of which two are 
currently known. Binding to the CB1 receptor, which is located primarily in 
the brain, appears to be responsible for the psychoactive e�ects of THC, 
whereas the CB2 receptor may be associated with immune system responses.

 CLINICAL MANIFESTATIONS
When marijuana is smoked, its psychoactive e�ects occur almost immediately, 
with peak intensity approximately 30 minutes later; e�ects tend to disappear 
within 3 hours. Oral administration of marijuana leads to a delayed onset of 
action, but the e�ects of the drug persist for a longer time. Because THC is 
highly soluble in lipids, it can be stored in fat depots of regular users for several 
weeks, sometimes longer, with resultant positive urine test results for THC. 
Physiologic e�ects of marijuana intoxication include increased heart rate and 
conjunctival injection. Psychological e�ects include a sense of euphoria and 
well-being, friendliness, increased appetite, a distorted sense of time, impaired 
short-term memory, and sometimes a feeling of having achieved special insights. 
Cannabis has the capacity to cause tolerance in regular users, and some regular 
heavy users experience withdrawal symptoms on cessation of use, including 
irritability, di�culty in sleeping, and anxiety.
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 Hallucinogens
Hallucinogens are a group of plant-based and synthetic drugs that lead to 
primarily visual perceptual alterations, such as illusions and hallucinations, 
along with an alteration in the experience of external stimuli; ordinary events 
can appear profound to people while they are under the in�uence of these 
agents. �e most common hallucinogens are lysergic acid diethylamide (LSD), 
mescaline, and psilocybin. Methylene dioxymethamphetamine (MDMA), 
also known as ecstasy, has both mild stimulant and potentially hallucinogenic 
properties and is thus sometimes categorized with the hallucinogens and 
sometimes as a stimulant.

 EPIDEMIOLOGY
Approximately 1.2 million people in the United States report having used a 
hallucinogen in the previous month; LSD is the most commonly used 
hallucinogen.

 PATHOBIOLOGY
LSD is thought to exert its action through serotonin agonist activity, particu-
larly at the 5-HT2A receptor. Other neurotransmi�ers may be involved in hal-
lucinogenic activity as well. Hallucinogens can produce tolerance in a ma�er 
of days, but they do not produce physical dependence.

 CLINICAL MANIFESTATIONS
In addition to their e�ects on perception and behavior, hallucinogens can 
produce sympathomimetic e�ects such as tachycardia, increased blood pres-
sure and body temperature, and pupillary dilation. Hyperre�exia and muscle 
weakness can also be seen. �e most commonly seen medical consequence 
of hallucinogen use is hyperthermia, which can occur most commonly in 
users of MDMA.

�e most common acute psychological adverse event, similar to marijuana, 
is a feeling of panic over the sense of loss of control that a person may feel 
as a result of intoxication; as is the case with marijuana, this is most likely 
to occur in inexperienced users. Some hallucinogen users will develop psy-
chotic symptoms that fail to remit a�er the drug has worn o�. Some hallu-
cinogen use can also lead to longer-term perceptual di�culties. When these 
occur, a spontaneous return of very brief hallucinogen-induced symptoms 
long a�er the drug has worn o� is known as a �ashback. People who have 
perceptual di�culties that are much more pervasive may be said to have 
hallucinogen persisting perception disorder, which can occasionally be quite  
disabling.
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 Phencyclidine
Phencyclidine (PCP) was originally developed as a human general anesthetic, 
but its use for that purpose was stopped in the 1960s because it frequently 
led to psychosis and hallucinations in the postoperative period. Approximately 
120,000 individuals report that they used PCP during 2011. Low doses of 
PCP can lead to symptoms that resemble alcohol intoxication, with slurred 
speech, ataxia, and a subjective feeling sometimes described as �feeling dead.� 
PCP intoxication typically is accompanied by increased muscle tone, hyper-
re�exia, nystagmus, and ataxia.

When it is taken in high doses, PCP can have serious medical and psychiatric 
consequences. High-dose users may experience psychosis, catatonia, and 
extremely violent behavior. Medical sequelae of PCP intoxication can include 
muscle rigidity, seizures, hyperthermia, coma, and occasionally death.
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 Marijuana
Marijuana, which refers to the dried leaves and �owers of the plant Cannabis 
sativa, has been used for its psychoactive and medicinal properties for centuries. 
�e psychoactive substance responsible for the marijuana �high� is �9-
tetrahydrocannabinol (THC); the concentration of THC has increased from 
1 to 3% in 1970 to nearly 10% in recent years.

 EPIDEMIOLOGY
Marijuana is the most commonly used illicit drug in the United States; nearly 
120 million Americans have used marijuana, and approximately 22 million 
report that they have used marijuana in the past month. With the recent trend 
toward legalization of medical marijuana13 and legalization of recreational 
marijuana in some states, those numbers will likely increase.

 PATHOBIOLOGY
Marijuana and other cannabinoids such as hashish (dried cannabis resin) 
exert their e�ects by binding to the cannabinoid receptors, of which two are 
currently known. Binding to the CB1 receptor, which is located primarily in 
the brain, appears to be responsible for the psychoactive e�ects of THC, 
whereas the CB2 receptor may be associated with immune system responses.

 CLINICAL MANIFESTATIONS
When marijuana is smoked, its psychoactive e�ects occur almost immediately, 
with peak intensity approximately 30 minutes later; e�ects tend to disappear 
within 3 hours. Oral administration of marijuana leads to a delayed onset of 
action, but the e�ects of the drug persist for a longer time. Because THC is 
highly soluble in lipids, it can be stored in fat depots of regular users for several 
weeks, sometimes longer, with resultant positive urine test results for THC. 
Physiologic e�ects of marijuana intoxication include increased heart rate and 
conjunctival injection. Psychological e�ects include a sense of euphoria and 
well-being, friendliness, increased appetite, a distorted sense of time, impaired 
short-term memory, and sometimes a feeling of having achieved special insights. 
Cannabis has the capacity to cause tolerance in regular users, and some regular 
heavy users experience withdrawal symptoms on cessation of use, including 
irritability, di�culty in sleeping, and anxiety.

therapy. Tapering a benzodiazepine that a person has been taking for an extended 
time (sometimes many years) is often a slow process, with careful monitoring 
of withdrawal symptoms (anxiety, agitation, insomnia, tachycardia, palpitations). 
Because benzodiazepine withdrawal, like alcohol withdrawal, can precipitate 
a seizure, gradual withdrawal is preferred. Most patients tolerate a benzodiaz-
epine dose reduction initially with relatively little di�culty. However, as with 
most drug withdrawal regimens, people experience their greatest discomfort 
toward the end of the taper. One reason for this is that the percentage dose 
reduction at the low end of a taper regimen continues to increase over time; 
a reduction from 2 mg to 1.5 mg of clonazepam, for instance, is a 25% reduc-
tion, whereas the same half-milligram dose reduction from 1 mg to 0.5 mg 
represents a 50% drop.

For patients who are abusing benzodiazepines as part of a pattern of multiple 
substance use, medical detoxi�cation from the benzodiazepine itself will often 
be unnecessary; for this population, psychosocial approaches that advocate 
abstinence from all substances of abuse, in conjunction with appropriate phar-
macotherapy as needed (e.g., in the case of opioid use disorder), are preferred. 
However, some deaths have been reported in France and elsewhere as a result 
of combinations of buprenorphine and benzodiazepines, usually used parenter-
ally. Thus, physicians who are treating patients who are abusing both opioids 
and benzodiazepines need to be mindful of this issue when considering the 
use of buprenorphine.

The most common acute adverse event that occurs in marijuana smokers 
is a sense of acute panic, most common in inexperienced smokers, when the 
user�s level of intoxication is greater than expected and the individual feels out 
of control. This can be best managed with reassurance that the e�ects will go 
away as the drug wears o�. The recent increase in the potency of cannabis 
(THC levels in cannabis plant material have risen from an average of 4% in 
1995 to 12% in 2014) increases the likelihood of adverse reactions. Recent 
evidence has shown that cannabis use, particularly during adolescence, may 
increase the likelihood of development of neuropsychological de�cits and, in 
some cases, a psychotic disorder such as schizophrenia later in life.

Compared with alcohol, opioids, and stimulants, it has been relatively uncom-
mon for people to seek treatment of cannabis use disorder itself. However, that 
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situation has gradually changed in recent years, and an increasing number of 
people have sought treatment because of di�culty in stopping marijuana use. 
There are no medications approved by the FDA for the treatment of cannabis 
use disorder. Psychosocial approaches similar to the treatment of other sub-
stance use disorders are currently the treatment of choice.

 Hallucinogens
Hallucinogens are a group of plant-based and synthetic drugs that lead to 
primarily visual perceptual alterations, such as illusions and hallucinations, 
along with an alteration in the experience of external stimuli; ordinary events 
can appear profound to people while they are under the in�uence of these 
agents. �e most common hallucinogens are lysergic acid diethylamide (LSD), 
mescaline, and psilocybin. Methylene dioxymethamphetamine (MDMA), 
also known as ecstasy, has both mild stimulant and potentially hallucinogenic 
properties and is thus sometimes categorized with the hallucinogens and 
sometimes as a stimulant.

 EPIDEMIOLOGY
Approximately 1.2 million people in the United States report having used a 
hallucinogen in the previous month; LSD is the most commonly used 
hallucinogen.

 PATHOBIOLOGY
LSD is thought to exert its action through serotonin agonist activity, particu-
larly at the 5-HT2A receptor. Other neurotransmi�ers may be involved in hal-
lucinogenic activity as well. Hallucinogens can produce tolerance in a ma�er 
of days, but they do not produce physical dependence.

 CLINICAL MANIFESTATIONS
In addition to their e�ects on perception and behavior, hallucinogens can 
produce sympathomimetic e�ects such as tachycardia, increased blood pres-
sure and body temperature, and pupillary dilation. Hyperre�exia and muscle 
weakness can also be seen. �e most commonly seen medical consequence 
of hallucinogen use is hyperthermia, which can occur most commonly in 
users of MDMA.

�e most common acute psychological adverse event, similar to marijuana, 
is a feeling of panic over the sense of loss of control that a person may feel 
as a result of intoxication; as is the case with marijuana, this is most likely 
to occur in inexperienced users. Some hallucinogen users will develop psy-
chotic symptoms that fail to remit a�er the drug has worn o�. Some hallu-
cinogen use can also lead to longer-term perceptual di�culties. When these 
occur, a spontaneous return of very brief hallucinogen-induced symptoms 
long a�er the drug has worn o� is known as a �ashback. People who have 
perceptual di�culties that are much more pervasive may be said to have 
hallucinogen persisting perception disorder, which can occasionally be quite  
disabling.

Symptomatic treatment is focused on the speci�c adverse medical and psy-
chiatric sequelae described previously. If a psychotic episode that occurs after 
use of a hallucinogen persisted over time, it would be treated like any other 
psychotic disorder. There is no speci�c treatment for hallucinogen use disorder, 
and it is uncommon for people to seek treatment speci�cally because they 
want to stop using hallucinogens.
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 Phencyclidine
Phencyclidine (PCP) was originally developed as a human general anesthetic, 
but its use for that purpose was stopped in the 1960s because it frequently 
led to psychosis and hallucinations in the postoperative period. Approximately 
120,000 individuals report that they used PCP during 2011. Low doses of 
PCP can lead to symptoms that resemble alcohol intoxication, with slurred 
speech, ataxia, and a subjective feeling sometimes described as �feeling dead.� 
PCP intoxication typically is accompanied by increased muscle tone, hyper-
re�exia, nystagmus, and ataxia.

When it is taken in high doses, PCP can have serious medical and psychiatric 
consequences. High-dose users may experience psychosis, catatonia, and 
extremely violent behavior. Medical sequelae of PCP intoxication can include 
muscle rigidity, seizures, hyperthermia, coma, and occasionally death.



 Anabolic-Androgenic Steroids
Anabolic-androgenic steroids di�er from other drugs described in this chapter 
because the motivation for use is typically related to the drug�s physical rather 
than behavioral e�ects. Anabolic-androgenic steroids such as testosterone and 
its synthetic analogues have traditionally been used primarily to enhance 
strength and thus athletic performance, although in recent years, an increasing 
number of people have used these drugs primarily in an a�empt to improve 
their physical appearance. Anabolic-androgenic steroids can have a legitimate 
medical purpose; they have most commonly been used to treat testosterone 
de�ciency in men and more recently have been used to treat wasting syndromes 
in patients with AIDS.

Abuse of anabolic-androgenic steroids can cause a number of medical and 
psychiatric problems, including hypertension, elevated low-density lipoprotein 
cholesterol, cardiomyopathy, hepatotoxicity, acne, feminization (gynecomastia 
and reduced testicular size) in men, and masculinization (hirsutism, reduction 
in breast tissue, deeper voice) in women. Recent research has found reduced 
le� ventricular function and accelerated coronary artery atherosclerosis in 
regular steroid users.14 Behavioral e�ects include aggressiveness (sometimes 
leading to violence) and an increased prevalence of mood disorders. �ere is 
no speci�c treatment to help people abusing anabolic steroids to stop. Rather, 
behavioral treatment approaches that are commonly used to treat other sub-
stance use disorders should be employed with this population.

  CONCLUSIONS AND FUTURE DIRECTIONS
�e ever-changing epidemiology of drug abuse means that the next decade 
will likely present new challenges as new drugs of abuse become increasingly 
popular. Recent research has focused on development and testing of e�ective 
pharmacologic and behavioral treatments for substance use disorders. Screen-
ing for these disorders in general medical practice and combining o�ce-based 
interventions with referrals to specialty substance use disorder treatment as 
indicated can lead to successful outcomes for many of these patients.
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4.	 Which of the following is a partial opioid agonist?
	A.	 Buprenorphine
	B.	 Naloxone
	C.	 Naltrexone
	D.	 Methadone
	E.	 Meperidine

Answer: A  Buprenorphine is a partial agonist. �is leads to greater safety 
with regard to overdose and is responsible for the plateauing of its opioid 
e�ect.

5.	 Which of the following drugs is most likely to cause a seizure as a result 
of intoxication?
	A.	 Buprenorphine
	B.	 Cocaine
	C.	 LSD
	D.	 Marijuana
	E.	 Lorazepam

Answer: B  Cocaine can cause an intoxication seizure. �erefore, a urine or 
blood toxicology screen can be valuable in evaluating a patient who has had 
a seizure.

REVIEW QUESTIONS
1.	 Which of the following medications is not approved for the treatment of 

opioid use disorder?
	A.	 Sublingual buprenorphine-naloxone
	B.	 Intranasal naloxone
	C.	 Injectable naltrexone
	D.	 Buprenorphine implant
	E.	 Oral naltrexone

Answer: B  Intranasal naloxone is only approved for reversal of opioid over-
dose, not for treatment of opioid use disorder.

2.	 A major reason for the dramatic increase in overdose deaths in recent  
years is:
	A.	 �e dramatic rise in misuse of prescription opioids since 2010
	B.	 �e di�culty diagnosing opioid overdose
	C.	 �e rise in the use of illicit fentanyl
	D.	 �e rapid rise in the mixture of opioids with cocaine
	E.	 �e increase in combining opioids with cannabis

Answer: C  �e rapid rise of illicit fentanyl, either as an adulterant in heroin 
use or as a substitute for opioid analgesics sold illicitly, has contributed to the 
rapid rise in overdose deaths due to its great strength.

3.	 Extended-release injectable naltrexone lasts for how long?
	A.	 1 week
	B.	 2 weeks
	C.	 4 weeks
	D.	 3 months
	E.	 6 months

Answer: C  A single 380 mg dose of extended-release injectable naltrexone 
lasts for approximately 4 weeks.
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ABSTRACT
Synthetic immunomodulatory drugs are oral agents that target intracellular 
processes important for the survival and/or function of immune cells. Glu-
cocorticoids (GC) are the most widely used (and least expensive) of these 
agents. GC bind to glucocorticoid receptors which are expressed not only on 
in�ammatory cells, but also on cells of the cardiovascular system, bone, muscle, 
liver, adipose tissue, and central nervous system. As a consequence, they have 
both profound immunosuppressive and anti-in�ammatory e�ects, but can 
also result in signi�cant toxicity. Methotrexate, le�unomide, and mycophenolate 
mofetil are immunosuppressive drugs commonly used to treat rheumatic 
diseases, while the immunophilin-binding agents, cyclosporine, tacrolimus, 
and sirolimus are most commonly used to prevent transplant rejection.
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Pharmacologically, prolonged or high-dose GC administration is not susceptible 
to HPA-mediated inhibition and leads to immunosuppression and increased 
susceptibility to infections. It is important to note that the e�ect of GC on 
immune cell types is not indiscriminately suppressive, but modulatory and 
generally favors �2-type T-cell responses while suppressing �1; similarly, 
GC inhibit the function of in�ammatory macrophages while promoting mac-
rophage commitment to the homeostatic anti-in�ammatory phenotype.

Glucocorticoids and Metabolism in the Liver, Adipose 
Tissue, and Muscle
As the name suggests, endogenous GC are critical mediators of glucose, as 
well as lipid and protein metabolism. In the liver, GC are essential for main-
taining normal blood glucose levels during fasting, awakening, and periods 
of stress, partly by increasing the hepatic responsiveness to glucagon. �is 
occurs through stimulation of gluconeogenesis (indeed GR activates genes 
encoding rate-limiting enzymes of gluconeogenesis such as PEPCK). GC 
have also been implicated in the regulation of fa�y acid metabolism in the 
liver; in the adipose tissue, they both increase adipocyte di�erentiation and 
decrease lipolysis which together promote fat accumulation. Finally, in the 
skeletal muscle, GC inhibit protein synthesis while promoting proteolysis to 
provide amino acids for gluconeogenesis.

�e compound systemic e�ects of GC excess on the key metabolic tissues�
the liver, adipose tissue, and muscle�are perhaps best highlighted in patients 
with Cushing syndrome (Chapter 214) resulting from pituitary or adreno-
cortical adenomas or long-term administration of GC medications. �ese 
include glucose intolerance due to increased gluconeogenesis in the liver and 
antagonism of the e�ects of insulin on peripheral glucose utilization, fasting 
and postprandial hyperglycemia, and reduced insulin sensitivity4�typical 
signs of type II diabetes and metabolic syndrome (Chapter 216). Patients 
with Cushing syndrome o�en present with dyslipidemia resulting from both 
an increase in triglyceride and total cholesterol levels and adipocyte di�eren-
tiation in the visceral adipose tissue, ultimately leading to centripetal adiposity. 
Finally, catabolic e�ects of high circulating GC in the muscle result in skeletal 
muscle atrophy and weakness.

Glucocorticoids and the Cardiovascular System
GC are required to maintain blood volume and pressure, and normal arteriolar 
tone and cardiac output. Consequently, sustained exposure to high-dose GC 
results in elevated blood pressure�an e�ect observed both in Cushing patients 
and in individuals treated with GC. Of note, in Cushing syndrome, a part of 
this e�ect is a consequence of increased retention of water and sodium by the 
kidneys�an activity of MR, rather than GR, activated by endogenous cortisol. 
However, synthetic GC lacking any MR-binding activity have an independent 
GR-mediated e�ect on blood pressure by suppressing the production of vaso-
dilators (e.g., prostaglandins and endothelial nitric oxide) while stimulating 
the responsiveness to vasoconstrictors, vasopressin, and catecholamines, and 
augmenting the expression of angiotensin II receptors, ultimately increasing 
peripheral vascular resistance (Chapter 70).

Glucocorticoids and the Bones
One of the most undesirable e�ects of GC treatments is osteoporosis (Chapter 
230)5 and osteonecrosis (Chapter 234). GC have a spectrum of e�ects in 
normal bone physiology by acting upon both key cell types: osteoblasts and 
osteoclasts (Chapter 230). GC are required for normal bone growth and 
remodeling; they stimulate osteoclastogenesis, in part, by activating the expres-
sion of �NK ligand�a critical growth factor for osteoclast maturation�while 
inhibiting the expression of its decoy receptor osteoprotegerin by surrounding 
osteoblasts and stromal cells, ultimately leading to bone resorption. At the 
same time, GC inhibit osteoblast proliferation and di�erentiation (by shi�ing 
stromal cell di�erentiation from osteoblasts to adipocytes) and promote their 
apoptosis. Clinically, these activities may result in signi�cant bone loss and 
an increased risk of fractures, especially with prolonged use (�3 months), but 
can be lessened by co-administration of bisphosphonates.6

Glucocorticoids and the Central Nervous System
Normal levels of GC have long been known to have a critical function in 
the hippocampus facilitating memory and learning. �ere is also extensive 
evidence that excessive GC (including those during a sustained period of 
stress) are associated with decreased hippocampal cellularity, impaired memory, 
and changes in mood, cognition, and reasoning. Similarly, although adequate 
levels of GC are protective against acute traumatic stress, repeated high-dose 
GC treatment mimics chronic stress and induces dendritic lengthening in 

of associated genes, whereas binding to AP1/NF-�B represses transcription 
of their target genes (Fig. 32-1). Anti-in�ammatory and immunosuppressive 
properties of GC result both from direct activation of anti-in�ammatory 
(IL10, dual speci�city phosphatase [Dusp1], GC-inducible leucine-zipper 
[GILZ], TNFAIP3/A20, and others) and repression of AP1-/NF-�B�driven 
pro-in�ammatory genes.

�e extremely broad consequences of GC actions stem from the fact that 
the GR protein is expressed essentially in every cell type in the body. In each 
cell type, GR activates and represses hundreds of genes leading to speci�c 
physiologic e�ects. Recent genome-wide analyses of GR binding and GC-
regulated transcriptomes revealed a striking level of speci�city in GR actions 
whereby even in closely related cell types (e.g., di�erent types of white blood 
cells), GR-regulated genes displayed a mere 15% overlap. �is indicated that 
cell-speci�c variables such as chromatin packaging and accessibility to tran-
scription factor binding, the composition of GR interacting accessory proteins 
(e.g., co-activators and co-repressors that associate with GR in a cell- and 
binding site-speci�c manner) (Fig. 32-1), along with the physiological state 
of the cell, play a major role in specifying GC function.

 Physiological and Pharmacological E�ects of Glucocorticoids in Di�erent Tissues
Glucocorticoids and In�ammation
�e most well-known e�ect of GC underlying their widespread use is sup-
pression of in�ammation.2 �is stems from dramatic reduction in the amounts 
of in�ammatory cytokines (TNF, IL1�, IL1�, IL12p40, IL6), chemokines 
(Cxcl10, Ccl2, Ccl3, Ccl4, Ccl5), and cell adhesion molecules (ICAM, ELAM), 
along with other mediators of in�ammation (such as those produced through 
the activity of cyclooxygenase-2 and phospholipase A2: prostaglandins, leu-
kotrienes and arachidonic acid metabolites) are produced by macrophages, 
endothelial cells, �broblasts, and other cell types. �ese transcriptional changes 
yield a less in�ammatory environment, reducing leukocyte and lymphocyte 
tra�cking as well as their numbers due to both a decrease in proliferation and 
an increase in apoptosis for certain cell subsets. It should be noted that GR-
mediated apoptosis, speci�cally of immature and transformed lymphocytes, 
makes GC the drug of choice for numerous hematological malignancies.

Physiologically, GC production in in�ammatory conditions is triggered 
through the activation of the hypothalamic-pituitary-adrenal (HPA) axis3 
by in�ammatory cytokine signaling when the local mechanisms to control 
in�ammation fail. �is e�ect is transient and self-limited due to a negative 
feedback loop back to the hypothalamus that suppresses excessive HPA activity. 
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FIGURE 32�1.  Glucocorticoid receptor (GR) signaling pathway. Unliganded GR is 
cytoplasmic and bound by heat-shock proteins (HSPs) that maintain its competence for 
ligand binding. When ligand-bound, GR undergoes structural change, translocates to 
the nucleus, and associates with genomic response elements (GREs). It may speci�cally 
bind palindromic GREs (two hexameric head-to-tail [inverted] half-sites separated by 
three base-pairs) or be tethered to DNA through protein:protein interactions with AP1 
and NF�B, the e�ector pro-in�ammatory transcription factors downstream of toll-like 
receptors (TLRs). In each case, a number of coactivator and corepressor proteins associ-
ate with GR in a binding site-speci�c manner. Some genes activated and repressed by 
GR in a macrophage (M�) through direct DNA binding and tethering, respectively, are 
listed. GC � glucocorticoid. 
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sizable individual variation in response to tapering, it is unlikely that a secure, 
uniform GC tapering schedule applicable to all patients will be determined in 
the foreseeable future, as recently summarized.9,10 A systematic, broadly based 
review estimated the risk of clinical or subclinical adrenal insu�ciency a�er 
GC withdrawal to be approximately 30 percent a�er use of a variety of types 
of GC in several underlying diseases.11 �e problem of this apparently high 
rate of adrenal insu�ciency is compounded by its di�culty in recognition, 
because symptoms and signs are usually nonspeci�c (e.g., nausea, vomiting, 
abdominal cramps, fatigue) and insidious in onset. Dosage, duration of treat-
ment, administration route, age, fragility, underlying disease, and even laboratory 
testing of serum cortisol level are not completely useful in predicting adrenal 
insu�ciency. Some generalizations can be made regarding GC withdrawal:
1.	 Hypothalamic-pituitary-adrenal (HPA) axis suppression mostly occurs 

a�er oral or parenteral GC treatment that leads to higher systemic levels 
of GC, but it may also appear with cutaneous, ototopical, or ophthalmic 
administration.

2.	 HPA suppression is improbable in patients who have received GC treat-
ment for less than 3 weeks.

3.	 HPA suppression is improbable in patients who have received daily pred-
nisone at a dose of less than 5 mg (or equivalent) or alternate-day prednisone 
at doses of less than 10 mg (or equivalent).

4.	 Repeated biochemical monitoring for adrenal insu�ciency with GC with-
drawal is impractical. If needed, a �rst assessment that measures morning 
serum cortisol level (between 8:00 and 9:00 ��) may be helpful, but not 
conclusive in most cases. Among classical stimulatory tests to diagnose 
adrenal insu�ciency, the insulin tolerance test is considered the gold stan-
dard but it requires medical supervision because of its risk and is contra-
indicated in several populations. A standard-dose corticotropin analog test 
may be more reliable and accurate than the morning cortisol level, but it 
is cumbersome.

5.	 Patients who have adrenal insu�ciency upon GC withdrawal usually respond 
symptomatically to reinstitution of GC therapy.

Notwithstanding the complex variables that determine the e�ectiveness 
and safety of GC tapering, which may also include genetic determinants, an 
example of a general tapering scheme might be a stable reduction of 10 to 
20% with monitoring of clinical response of the patient (Table 32-1).

During the year a�er discontinuing GC, patients may require GC in situ-
ations of stress (such as surgery or signi�cant medical illness) to compensate 
for reduced adrenal GC production.

GC use in pregnancy can be associated with low-birthweight babies and 
may slightly increase the risk of cle� palate, but GC are commonly used in 
pregnancy when needed by the mother. Prednisone and prednisolone are 
metabolized to an inactive form by placental 11�-hydroxysteroid dehydroge-
nase and do not reach the fetus. In contrast, �uorinated GC such as dexa-
methasone and betamethasone, do cross the placenta and are used predelivery 
to treat the fetus and induce fetal lung maturation.

  IMMUNOMODULATORY AGENTS
Hydroxychloroquine
Mechanism of Action
�e mechanism of action of hydroxychloroquine12 is not fully understood, 
but the drug is known to accumulate in lysosomal vesicles where it decreases 
signaling through toll-like receptors 7 and 9 and also inhibits autophagy (the 
process in which organelles and proteins are sequestered into vesicles that 
fuse with lysosomes to be broken down and used as fuel for other cellular 
needs). Hydroxychloroquine is given as a once or twice daily oral dose. It is 
readily absorbed and has a long half-life due to extensive tissue uptake.

Clinical Use
Hydroxychloroquine was developed to treat malaria, but is also approved for 
the treatment of lupus and rheumatoid arthritis. Hydroxychloroquine can 
help to control lupus skin disease, arthritis, serositis, and mild hematologic 
abnormalities, and discontinuing hydroxychloroquine increases the risk of 
lupus �are. Hydroxychloroquine is not used as primary treatment for lupus 
nephritis, but the drug can help reduce the risk of end-stage renal disease in 
these patients. Hydroxychloroquine also reduces the risk of type II diabetes 
and venous thromboembolism, lowers cholesterol levels, and improves overall 
lupus survival. In patients with rheumatoid arthritis, hydroxychloroquine is 
a component of �triple therapy� (along with sulfasalazine and methotrexate), 
which is as e�ective as methotrexate plus a tumor necrosis factor (TNF) 
inhibitor. Hydroxychloroquine is also used in some in�ammatory and rheu-
matic skin diseases, mainly as a steroid-sparing agent.13

the basolateral amygdala�a region responsible for developing fear, anxiety, 
and aggression. Notably, experimental evidence also shows that exposure of 
the brain to increased amounts of GC early in life or even in utero may have 
long-lasting consequences on HPA axis and corticosteroid function and on 
other GC-regulated processes such as metabolism and cardiovascular function.

Overall, while physiologic, diurnal, or acute stress-induced secretion of GC 
is essential for normal brain functions and protection from stress-induced 
damage, sustained elevated levels of GC cause a spectrum of central nervous 
system pathologies whose severity depends on the dose, duration, and time 
of exposure, as well as genetic, epigenomic, and environmental factors at play.7

Clinical Use
GC are approved for use in a wide variety of in�ammatory conditions at a 
range of doses and duration. GC can be used for short-term management of 
disease �ares, such as in patients with asthma, gout, rheumatoid arthritis, 
juvenile in�ammatory arthritis, or psoriatic arthritis and for patients experi-
encing acute allergic reactions, while other conditions require sustained GC 
use to maintain disease remission, such as sarcoidosis, ulcerative colitis, eczema, 
minimal change glomerulonephritis, systemic lupus erythematosus, derma-
tomyositis, temporal arteritis, and polymyalgia rheumatica. Low doses (�10 mg) 
are o�en adequate for rheumatoid arthritis, and polymyalgia rheumatica, while 
high doses (e.g., prednisone 1 mg/kg) are required for the acute management 
of temporal arteritis, lupus nephritis, and dermatomyositis. Inhaled GC can 
be used for the management of asthma and chronic obstructive pulmonary 
disease, while intra-articular (IA) GC are used to control localized joint symp-
toms in patients with in�ammatory arthritis and osteoarthritis. Repeated IA 
GC injections can be associated with more rapid cartilage loss in osteoarthritis 
patients, however. Finally, GC can be administered topically for the treatment 
of psoriasis, eczema, and other skin conditions.

Management of glucocorticoids in the perioperative period for patients on 
chronic steroid therapy has been traditionally based on an assumption that 
supraphysiologic dose increases are always required to avoid the development 
of adrenal insu�ciency. Based on the negative results of a small number of 
randomized trials to test this assumption and more recent clinical experience, 
along with the risks of hypertension, �uid retention, hyperglycemia, and infec-
tion with the routine use of high-dose glucocorticoid supplementation, this 
practice should be reserved for special situations. With (1) major surgical pro-
cedures, (2) the presence of volume-refractory hypotension, or (3) in patients 
requiring chronic physiologic replacement therapy for adrenal insu�ciency, it 
has been recommended that patients should receive their steroid dose right 
up to the time of surgery, followed by hydrocortisone 50 mg intravenously, 
started intraoperatively and then repeated every 8 hours for at most 48 to 72 
hours postoperatively (based on the known normal secretory rate of cortisol 
of 75 to 150 mg daily during anesthesia and major surgery). �is should be 
immediately followed by replacement with the patient�s oral glucocorticoid 
therapy. On the other hand, perioperative supplemental glucocorticoids are 
not indicated for minor or intermediate intensity surgical procedures, for those 
chronically taking prednisone (or equivalent) at doses of 10 mg or less daily, 
those on every other day steroids, or those using only topically administered 
steroids.8 In all these cases, treating physicians should be promptly reactive with 
exogenous glucocorticoids administered in case of unexpected postoperative 
hypotension or other manifestations of adrenocortical insu�ciency. �e recom-
mendations for withholding supraphysiologic steroid therapy perioperatively 
in the se�ings described above do not apply to individuals taking chronic 
glucocorticoid replacement for adrenal failure or to generally any surgery in 
children chronically treated with glucocorticoid.

Toxicity and Monitoring
GC toxicity is dose- and duration-dependent. Common toxicities include 
weight gain, Cushing syndrome, osteoporosis, osteonecrosis, diabetes, hyper-
tension, hyperlipidemia, posterior subcapsular cataracts, increased intraocular 
pressure, skin fragility, poor wound healing, gastrointestinal tract bleeding 
and perforation, mood changes, myopathy, and predisposition to infection, 
including opportunistic ones. GC administered to children can also result in 
growth retardation. Patients starting GC should be counseled to take supple-
mental calcium and vitamin D; additional treatments to prevent osteoporosis 
depend on the anticipated dose and duration of GC treatment, the patient�s 
age, and baseline osteoporosis risk.

Because patients on exogenous GC can develop secondary adrenal insuf-
�ciency, the dose of GC should be tapered gradually to accommodate a slow 
return of adrenal function (Table 32-1). Di�erent tapering regimens for GC in 
di�erent diseases are based on a very low quality of evidence. Considering the 
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monotherapy is recommended as the �rst-line treatment in patients with early 
rheumatoid arthritis, with or without GC therapy (Chapter 248). If disease 
activity remains high, then methotrexate can be combined with hydroxychlo-
roquine and sulfasalazine (�triple therapy�) or combined with a biologic 
DMARD, generally a TNF inhibitor. In patients with psoriatic arthritis (Chapter 
249), methotrexate is e�ective in treating peripheral arthritis and psoriasis, 
but is not e�ective in treating enthesitis, dactylitis, or nail or spine involve-
ment. Methotrexate is approved for the treatment of polyarticular JIA with 
moderate to high disease activity and for the treatment of oligoarticular JIA 
if there is high disease activity, or moderate disease activity but poor prognostic 
factors. Methotrexate is also used in the treatment of systemic JIA.

Toxicity and Monitoring
In addition to predisposing patients to infection, methotrexate can cause liver 
toxicity16 and bone marrow suppression. Complete blood counts and liver 
function testing should be performed monthly for 3 months at the initiation 
of therapy (and a�er changes in dose) and every 3 to 4 months therea�er. 
Renal function should also be monitored because a fall in glomerular �ltration 
rate reduces methotrexate clearance. Alcohol should be avoided in patients 
on methotrexate, and methotrexate should not be prescribed to individuals 
with underlying liver disease. Patients with psoriasis (Chapter 409), particularly 
those who are diabetic or obese, appear to be at higher risk of liver toxicity 
than patients with rheumatoid arthritis. Liver biopsy is recommended in pso-
riasis patients who have received a cumulative methotrexate dose between 
1.5 and 4 grams, depending on their level of risk. Non-Hodgkin lymphoma 
(Chapter 176) has been reported in patients treated with methotrexate, includ-
ing some cases that regressed without additional treatment upon withdrawal 
of methotrexate. Methotrexate can be associated with acute pneumonitis or 
pulmonary �brosis and smokers are at increased risk for pulmonary toxicity. 
In patients with rheumatoid arthritis, methotrexate-induced lung injury can 
sometimes be di�cult to distinguish from rheumatoid lung disease, and a 
baseline chest radiograph is recommended prior to methotrexate initiation. 
Stomatitis, nausea, malaise, and fatigue are other relatively common side e�ects 
of methotrexate. Toxicity can be lessened by administration of folic acid 1 mg 
daily, or folinic acid 5 mg weekly 12 to 24 hours a�er each methotrexate dose.

Methotrexate is teratogenic and can also cause fetal death; it is contraindi-
cated in pregnant women and nursing mothers, and it should not be used for 
at least 3 months before planned conception in either men or women.

  PURINE AND PYRIMIDINE INHIBITORS
Le�unomide
Mechanism of Action
Le�unomide inhibits dihydro-orotate dehydrogenase which results in decreased 
pyrimidine synthesis and antiproliferative e�ects. Le�unomide is given as a 
daily 20 mg dose. It has a long half-life (�2 weeks) due to biliary recycling, 
and using a loading dose (100 mg daily � 3 days) at treatment initiation leads 
to a more rapid clinical response. Le�unomide has both renal (early) and fecal 
(late) elimination, and in cases of severe le�unomide toxicity, a cholestyramine 
washout (cholestyramine 8 g three times daily � 11 days) causes rapid drug 
elimination. Without a washout, le�unomide metabolites remain detectable 
in the blood for up to two years.

Clinical Use
Le�unomide is FDA-approved for the treatment of rheumatoid arthritis, where 
it improves signs and symptoms of the disease, and prevents structural damage. 
Le�unomide is also used in the management of peripheral arthritis in patients 
with psoriatic arthritis.

Toxicity and Monitoring
Le�unomide can cause severe liver injury including fatal liver failure. Le�uno-
mide can also cause marrow suppression and predispose patients to infection. 
Liver function testing and complete blood counts should be performed monthly 
for 6 months at the initiation of therapy, and every 2 to 3 months therea�er. 
If there is a 3-fold rise in transaminases, then le�unomide should be discon-
tinued and a cholestyramine washout used. As with methotrexate, there are 
reports of le�unomide-associated interstitial lung disease. Le�unomide com-
monly causes diarrhea and mild alopecia. Minor side e�ects may resolve with 
le�unomide dose reduction. Although there are no data speci�cally linking 
le�unomide to the development of malignancy, the risk of lymphoma may 
be increased in any patient on immunosuppressive therapy.

Le�unomide is teratogenic and can also cause fetal death; it is contraindi-
cated in pregnant women and nursing mothers, and it should not be used in 

Toxicity and Monitoring
Hydroxychloroquine can cause retinopathy,14 which is treatment dose- and 
duration-related. Retinopathy risk can be minimized by using a dose less than 
or equal to 5 mg/kg and by referring the patient for ophthalmologic screening. 
Hydroxychloroquine can also be associated with pruritus, areas of blue-gray 
�bruise-like� skin pigmentation, myopathy (including cardiomyopathy), and 
neuromyopathy. Hemolytic anemia can be seen in individuals that are glucose-
6-phosphate dehydrogenase-de�cient (Chapter 152).

Hydroxychloroquine is not associated with fetal malformations and is gen-
erally continued during pregnancy in lupus patients in order to prevent a 
disease �are.

Sulfasalazine
Mechanism of Action
Sulfasalazine is metabolized by intestinal bacteria to sulfapyridine and 
5-aminosalicylic acid (5-ASA). Sulfapyridine is well absorbed, whereas most 
of the 5-ASA remains in the intestine. 5-ASA appears to be responsible for 
the therapeutic e�ect of sulfasalazine in ulcerative colitis (Chapter 132) through 
an unknown mechanism. It should be noted that 5-ASA is a weak cyclooxy-
genase 1- and 2-inhibitor, and traditional nonsteroidal anti-in�ammatory agents, 
which strongly inhibit cyclooxygenase, actually worsen colitis. How sulfasalazine 
ameliorates rheumatoid arthritis is unknown. Sulfasalazine is given in split 
daily doses ranging from 2 to 4 g/day.

Clinical Use
Sulfasalazine is approved for the treatment of ulcerative colitis (Chapter 132), 
as well as polyarticular juvenile in�ammatory arthritis and rheumatoid arthritis. 
In rheumatoid arthritis, sulfasalazine is a component of �triple therapy� (along 
with hydroxychloroquine and methotrexate), which has been shown to be as 
e�ective as methotrexate plus a TNF inhibitor. Sulfasalazine is also used in 
the treatment of psoriatic arthritis.

Toxicity and Monitoring
Sulfasalazine can be associated with severe hypersensitivity reactions and 
should never be given to individuals with sulfa or aspirin allergy. Sulfasalazine 
can also cause agranulocytosis (Chapter 158) and aplastic anemia (Chapter 
156). More common side e�ects of sulfasalazine include gastrointestinal upset, 
headache, and liver dysfunction.

Sulfasalazine has not been associated with fetal abnormalities; however, 
because sulfasalazine can inhibit folate absorption, folic acid supplementation 
is especially important in pregnant women taking the drug. Sulfasalazine can 
cause reversible oligospermia and alternative treatments should be considered 
in male patients a�empting to conceive a child.

  IMMUNOSUPPRESSIVE AGENTS
Methotrexate
Mechanism of Action
Methotrexate inhibits dihydrofolic acid reductase, which results in antipro-
liferative e�ects via reduced synthesis of purines, pyrimidines, and polyamines. 
Methotrexate polyglutamates (metabolites) also inhibit aminoimidazole car-
boxamide ribonucleotide transformylase, an inhibitor of adenosine deaminase. 
�is results in high intracellular levels of adenosine which, when released, can 
have anti-in�ammatory e�ects on neutrophils, macrophages, and lymphocytes. 
Oral absorption of methotrexate is dose dependent and varies among indi-
viduals. Subcutaneous dosing can be used to assure bioavailability, and helps 
to reduce gastrointestinal side e�ects. Methotrexate is excreted largely through 
glomerular �ltration and active tubular secretion, and dose reduction is impor-
tant in individuals with renal insu�ciency, such as the elderly. Methotrexate 
is administered weekly as either a single dose, or in three divided doses 12 
hours apart over a 24-hour period. Although high-dose methotrexate (25 to 
30 mg per week) is associated with greater e�cacy than lower doses (5 to 
15 mg per week), dosages are generally �ramped up� while monitoring for 
dose-dependent toxicities.

Clinical Use
Along with cyclosporine and acitretin, methotrexate is approved as one of 
the conventional systemic immunomodulatory treatments of psoriasis (Chapter 
409). Several biologic agents have since emerged for the treatment of moder-
ate to severe psoriasis. Methotrexate is FDA-approved for the treatment of 
rheumatoid arthritis,15 polyarticular juvenile in�ammatory arthritis ( JIA), and 
psoriasis, but it is also commonly used to treat psoriatic arthritis. Methotrexate 
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as steroid-sparing agents in Crohn disease. Azathioprine is most commonly 
used as a steroid-sparing agent in systemic lupus erythematosus.

Toxicity and Monitoring
Bone marrow suppression is common and dose-related in patients receiving 
azathioprine or 6-MP, and it can result in leukopenia, anemia, and thrombo-
cytopenia. Gastrointestinal side e�ects including nausea, vomiting, diarrhea, 
and elevated liver enzymes are common, and azathioprine can also cause 
pancreatitis. Complete blood counts and measurement of liver enzymes should 
be performed every 1 to 2 weeks during the �rst month of treatment and with 
every change in dose, every 2 weeks for an additional 2 months, and then 
every 3 months therea�er. Azathioprine and 6-MP are associated with an 
increased risk of infections, lymphoma, and skin cancer. Rare cases of hepa-
tosplenic T-cell lymphoma have been reported in in�ammatory bowel disease 
patients receiving azathioprine.

Azathioprine and 6-MP are categorized as pregnancy category D drugs 
because they can be associated with prematurity, low birthweight, neonatal 
leukopenia, thymic hypoplasia, and hypogammaglobulinemia. However, 
immunologic e�ects on the fetus generally normalize within one year and 
azathioprine is not associated with fetal malformations. For this reason, aza-
thioprine is o�en continued in pregnant lupus patients, especially if they have 
a recent history of nephritis.

  IMMUNOPHILIN�BINDING AGENTS INCLUDING 
CALCINEURIN INHIBITORS

Cyclosporine
Mechanism of Action
Cyclosporine binds to cyclophilin A, the predominant immunophilin in T cells, 
and this binding enhances cyclophilin�s inhibition of calcineurin. Calcineurin 
is stimulated during T-cell activation to activate nuclear factor of activated 
T cells (NFAT), which in turn leads to the production of interleukin-2 and 
other cytokines important in the immune response. Calcineurin also indi-
rectly enhances activation of NF�B, which is critical for T-cell function and 
survival. Cyclosporine also has calcineurin-independent inhibitory e�ects 
on the mitogen-activated protein kinase (MAPK) pathway. Cyclosporine is 
metabolized by cytochrome P450 3A (CYP3A) in the liver and 95% of excre-
tion is biliary. Drug clearance is also strongly stimulated by P-glycoprotein 
expression on intestinal enterocytes. Cyclosporine is given twice daily as a 
divided oral dose. Daily dosages for patients with rheumatic diseases are lower 
than maintenance doses used to prevent transplant rejection (2.5 to 4 mg/
kg vs. 8 to 10 mg/kg, respectively). Trough drug levels should be measured 
to determine the optimal therapeutic dose, especially in transplant patients. 
�erapeutic drug concentrations di�er with the measurement technique insti-
tution, indication, and protocol. Drug interactions occur when cyclosporine 
is co-administered with inhibitors or inducers of CYP3A or P-glycoprotein. 
Azole antifungal agents, macrolide antibiotics, and calcium-channel blockers 
increase cyclosporine levels, whereas many anticonvulsants and St. John�s Wort 
decrease cyclosporine levels.

Clinical Use
Cyclosporine is FDA-approved for the treatment of severe plaque psoriasis 
(Chapter 409) and to prevent allogeneic kidney, heart, and liver transplant 
rejection. It is also approved for the treatment of active rheumatoid arthritis 
but is not commonly used for this indication. In patients with psoriasis, 
cyclosporine is generally used intermi�ently and for less than 12 weeks to 
avoid cumulative toxicity. Cyclosporin is also a �rst-line treatment for pure 
red cell aplasia (Chapter 156).

Toxicity and Monitoring
Cyclosporine can cause hypertension, renal insu�ciency, hyperkalemia, and 
hyperuricemia. In patients with rheumatoid arthritis and psoriasis, blood pres-
sure and creatinine levels should be monitored every 2 weeks during initiation 
of treatment, and every 1 to 3 months during long-term use. If the creatinine 
level rises 25% above baseline, then testing should be repeated and the dosage 
reduced 25 to 50% if there is no improvement. Nonsteroidal anti-in�ammatory 
drugs (NSAIDs) should be avoided in patients taking cyclosporine. Psoriasis 
patients treated with cyclosporine who have been previously treated with 
PUVA or methotrexate are at increased risk of skin cancer. Cyclosporine also 
increases the risk of lymphoma and predisposes patients to infection. More 
common side e�ects of cyclosporine include hypertrichosis, gum hyperplasia, 
and tremor.

women of childbearing age who are not using contraception. Women planning 
pregnancy should stop le�unomide and use a cholestyramine washout. Preg-
nancy should not be a�empted until the blood le�unomide M1 metabolite 
level is less than 0.02 mg/L on two separate tests at least 2 weeks apart.

Mycophenolate Mofetil
Mechanism of Action
Mycophenolate mofetil (MMF) is rapidly metabolized to mycophenolic acid, 
the active metabolite. Mycophenolic acid blocks the function of inosine mono-
phosphate dehydrogenase which results in inhibition of the de novo pathway 
of guanosine synthesis. Because T and B lymphocytes lack salvage pathways 
to synthesize purines, MMF acts preferentially on lymphocytes. In addition 
to these antiproliferative e�ects, MMF also reduces antibody formation by B 
cells. MMF is given orally twice daily, with dose reduction in patients with 
severe renal impairment.

Clinical Use
MMF is approved for use in kidney, liver, and heart transplant (Chapter 43) 
recipients in combination with cyclosporine and GC. MMF has also been 
shown to be as e�ective as cyclophosphamide in inducing remission of lupus 
nephritis and superior to azathioprine in maintaining remission of lupus 
nephritis (Chapter 250). A recent study also demonstrated that MMF is as 
e�ective as cyclophosphamide in the management of scleroderma-related 
interstitial lung disease.

Toxicity and Monitoring
Like some other immunosuppressants, MMF requires therapeutic drug moni-
toring because of the narrow therapeutic index and signi�cant inter-individual 
variability in blood concentrations.17 MMF can cause neutropenia and other 
cytopenias. Nausea and diarrhea are common with the drug. MMF increases 
the risk of infection and may also increase the risk of lymphoma.

MMF is a pregnancy category D drug that has been associated with congenital 
malformations and miscarriages and is contraindicated in pregnancy. Reliable 
contraception should be used in women of childbearing age on MMF, and 
contraception should be continued for at least 6 weeks a�er discontinuing 
the drug. Breast-feeding should also be avoided in mothers on MMF.

Azathioprine and 6-Mercaptopurine
Mechanism of Action
Azathioprine is a derivative of 6-mercaptopurine (6-MP) and their e�ects are 
similar. Both drugs are activated by hypoxanthine-guanine phosphoribosyl-
transferase (HGPRT) to form 6-thioguanine nucleotides that can be incor-
porated into DNA, causing cytotoxicity. Other drug metabolites inhibit the 
enzyme glutamine-5-phosphoribosylpyrophosphate amidotransferase, required 
for de novo purine synthesis. Both drugs result in dose-dependent suppression 
of delayed type hypersensitivity and cytotoxicity. Azathioprine and 6-MP are 
metabolized in the liver and in erythrocytes via two pathways, one using thio-
purine S-methyltransferase (TPMT) and the other using xanthine oxidase. 
Ten percent of the population is heterozygous for a nonfunctioning TPMT 
allele and 0.3% are homozygous for this allele, resulting in intermediate or 
low to absent TPMT levels respectively. Patients with low or absent TPMT 
can experience life-threatening myelosuppression when given azathioprine 
or 6-MP, while those with intermediate levels bene�t from lower drug dosages. 
TPMT testing (level or genotype) can help identify individuals at increased 
risk of myelotoxicity, but because myelotoxicity can occur even in the presence 
of normal TPMT levels, all patients require close monitoring of complete 
blood counts, particularly at the initiation of therapy and with any dose change. 
�e second route of azathioprine and 6-MP inactivation, via xanthine oxidase, 
can be inhibited by xanthine oxidase inhibitors, such as allopurinol or febuxo-
stat, used in the treatment of gout. �e dose of azathioprine or 6-MP must 
be reduced when one of these drugs is used. Azathioprine and 6-MP are given 
as a single or split daily dose. �e daily dose of azathioprine in patients with 
autoimmune diseases, and as maintenance to prevent transplant rejection, is 
1 to 3 mg/kg.

Clinical Use
Azathioprine is approved for the treatment of rheumatoid arthritis, though 
rarely used for this indication, and as adjunctive therapy in the prevention of 
renal transplant rejection. 6-MP is approved for the treatment of acute lym-
phatic leukemia as part of a combination regimen. Azathioprine and 6-MP 
can help to maintain remission in ulcerative colitis18 and are sometimes used 



develop hyperlipidemia and are at risk for rhabdomyolysis when given 
HMG-CoA reductase inhibitors, particularly if they are receiving concomitant 
cyclosporine.

Sirolimus is contraindicated in pregnancy given its antiproliferative e�ects. 
Breast-feeding should also be avoided in mothers taking sirolimus.

  ALKYLATING AGENT
Cyclophosphamide
Mechanism of Action
Cyclophosphamide is a prodrug that is metabolized in the liver by CYP450 
enzymes to alkylating molecules that cause DNA cross-linking. �is occurs 
preferentially in rapidly proliferating cells, such as tumor and hematopoietic cells.

Clinical Use
Cyclophosphamide is approved for the treatment of a variety of malignancies, 
as well as minimal change nephrotic syndrome, but is also used in the treat-
ment of lupus nephritis and ANCA-associated vasculitis. �e use of cyclo-
phosphamide for these conditions has declined, however, as less toxic therapies, 
such as MMF for lupus nephritis and rituximab for ANCA-associated vasculitis, 
have been shown to be equally e�cacious.

Toxicity and Monitoring
Cyclophosphamide causes myelosuppression and predisposes patients to 
infections (including opportunistic ones), and cyclophosphamide metabolites 
can cause hemorrhagic cystitis. Cardiac toxicity is also seen. Cyclophosphamide 
increases the risk of secondary malignancies20 and increases the risk of bladder 
cancer even in patients who do not experience hemorrhagic cystitis during 
treatment. Cyclophosphamide commonly causes nausea and hair loss. Cyclo-
phosphamide should not be used together with a TNF inhibitor because of 
an increased risk of solid tumors with this combination.

Cyclophosphamide can cause infertility, and the risk is higher the older the 
patient and the greater the cumulative cyclophosphamide dose. Treatment 
with a GnRH agonist prior to each dose of cyclophosphamide can help to 
protect gonadal function. Cyclophosphamide causes fetal malformations and 
miscarriages and should not be used in pregnancy or during lactation.

GENERAL REFERENCES

For the General References and other additional features, please visit Expert Consult 
at h�ps://expertconsult.inkling.com.

Cyclosporine is a pregnancy category C drug. Limited experience in preg-
nant transplant recipients suggests that cyclosporine is not associated with 
fetal malformations but is associated with low birthweight babies. Breast-feeding 
should be avoided in mothers on cyclosporine.

Tacrolimus
Mechanism of Action
Tacrolimus19 binds to the T-cell immunophilin FK-binding protein 12 
(FKBP-12), and this complex inhibits activation of calcineurin (see Cyclosporine, 
Mechanism of Action). Like cyclosporine, tacrolimus also has calcineurin-
independent inhibitory e�ects on the MAPK pathway. Tacrolimus is metabolized 
by CYP3A in the liver and is more than 90% excreted in feces. Drug interac-
tions occur when tacrolimus is co-administered with inhibitors or inducers 
of CYP3A. Tacrolimus is given twice daily as a divided oral dose with dose 
adjustments made based on trough levels.

Clinical Use
Tacrolimus is approved for the prevention of allogeneic kidney, heart, and 
liver transplant rejection, and gra� survival is similar to that achieved with 
cyclosporine-based regimens. Tacrolimus should be used in combination with 
azathioprine or MMF in heart and kidney transplant recipients.

Toxicity and Monitoring
Tacrolimus, particularly at high doses, can cause nephrotoxicity and hyper-
tension and should not be used in combination with cyclosporine. Like 
cyclosporine, tacrolimus can also cause hyperkalemia, headache, and tremor, and 
it is associated with an increased risk of infections, lymphoma, and skin cancers. 
Tacrolimus is associated with new-onset type 2 diabetes in approximately 20% 
of transplant recipients, but it reverses in about one third of them by one year 
post-transplant. Tacrolimus has been associated with cardiac hypertrophy, 
which is reversible upon dose reduction or drug discontinuation. Tacrolimus 
given by injection can be associated with anaphylaxis, likely due to castor oil 
derivatives contained in the IV formulation, and should be avoided unless 
oral administration is impossible.

Tacrolimus has not been associated with fetal malformations, but it has 
been associated with preterm birth, as well as hyperkalemia and renal impair-
ment during pregnancy. Breast-feeding should be avoided in mothers taking 
tacrolimus.

Sirolimus
Mechanism of Action
Sirolimus, like tacrolimus, binds to the immunophilin FKBP-12. However, 
unlike tacrolimus, the sirolimus/FKBP-12 complex inhibits activation of the 
mammalian target of rapamycin (mTOR) and has no e�ect on calcineurin. 
mTOR inhibition blocks antigen- and cytokine-driven T-cell proliferation, 
and also inhibits antibody production. mTOR is also an important modulator 
for aging and age-related diseases. mTOR inhibitors may have anticancer activ-
ity for many types of malignancies. Sirolimus is given once daily as an oral 
dose and excretion is over 90% in feces. Sirolimus has a long half-life and dose 
adjustments should not be more frequent than every 7 to 14 days, guided by 
trough levels. A loading dose more rapidly achieves therapeutic levels, both 
when sirolimus treatment is initiated and when dose adjustments are made. 
Like cyclosporine, sirolimus is a substrate for CYP3A4 and P-glycoprotein, 
and concomitant use of strong inducers or inhibitors of CYP3A4 or 
P-glycoprotein should be avoided when possible. When given concomitantly 
with cyclosporine, sirolimus should be administered 4 hours a�er a cyclosporine 
to minimize their interaction. �e dose of sirolimus o�en needs to be increased 
a�er cyclosporine is withdrawn.

Clinical Use
Sirolimus is approved for the prevention of allogeneic renal transplant rejec-
tion and is used in combination with cyclosporine and GC starting at the 
time of transplant. Cyclosporine can be withdrawn 3 to 12 months a�er trans-
plant, depending on the patient�s risk of rejection.

Toxicity and Monitoring
Patients taking sirolimus are at increased risk of lymphoma and infection. 
Sirolimus can be associated with angioedema (particularly when used together 
with ACE inhibitors), �uid accumulation, and delayed wound healing. Siro-
limus can be associated with renal insu�ciency, particularly when used with 
cyclosporine, and the new onset of proteinuria. Patients on sirolimus can 
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REVIEW QUESTIONS
1.	 Immunophilin inhibitors, such as cyclosporine, tacrolimus, and sirolimus, 

target which of the following cells?
	A.	 T cells
	B.	 B cells
	C.	 Endothelial cells
	D.	 Neutrophils
	E.	 Fibroblasts

Answer: A  Cyclosporine binds to cyclophilin A, the predominant immu-
nophilin in T cells, and this binding enhances cyclophilin�s inhibition of cal-
cineurin. Tacrolimus binds to the T-cell immunophilin FK-binding protein 
12 and this complex inhibits activation of calcineurin. Sirolimus, like tacrolimus, 
binds to the immunophilin FKBP-12. However, unlike tacrolimus, the siroli-
mus/FKBP-12 complex inhibits activation of the mammalian target of rapamycin 
(mTOR) and has no e�ect on calcineurin.

2.	 Which of the following immunomodulatory agents is not associated with 
an increased susceptibility to infection?
	A.	 Mycophenolate mofetil
	B.	 Hydroxychloroquine
	C.	 Methotrexate
	D.	 Le�unomide
	E.	 Rituximab

Answer: B  Hydroxychloroquine accumulates in lysosomal vesicles where it 
decreases signaling through toll-like receptors 7 and 9 and also inhibits autoph-
agy, however it does not increase susceptibility to infection. In contrast, myco-
phenolate mofetil (MMF) blocks the function of inosine monophosphate 
dehydrogenase which results in inhibition of the de novo pathway of guanosine 
synthesis. Because T and B lymphocytes lack salvage pathways to synthesize 
purines, MMF has antiproliferative e�ects. MMF also reduces antibody for-
mation by B cells. Le�unomide inhibits dihydro-orotate dehydrogenase, which 
results in decreased pyrimidine synthesis and antiproliferative e�ects that 
impact lymphocytes. Methotrexate inhibits dihydrofolic acid reductase, which 
results in reduced synthesis of purines, pyrimidines, and polyamines, and 
antiproliferative e�ects.

3.	 Which of the following drugs should not be used during pregnancy?
	A.	 Prednisone
	B.	 Hydroxychloroquine
	C.	 Sulfasalazine
	D.	 Methotrexate
	E.	 Aspirin

Answer: D  Methotrexate is teratogenic and can also cause fetal death; it is 
contraindicated in pregnant women and nursing mothers, and it should not 
be used for at least three months before planned conception in either men or 
women. Glucocorticoid (GC) use in pregnancy can be associated with low 
birthweight babies and may slightly increase the risk of cle� palate, but GC 
are commonly used in pregnancy when needed by the mother. Prednisone 
and prednisolone are metabolized to an inactive form by placental 
11�-hydroxysteroid dehydrogenase and do not reach the fetus. In contrast, 
�uorinated GC such as dexamethasone and betamethasone do cross the pla-
centa and are used pre-delivery to treat the fetus and induce fetal lung matura-
tion. Hydroxychloroquine is not associated with fetal malformations and is 
generally continued during pregnancy in lupus patients in order to prevent a 
disease �are. Sulfasalazine has not been associated with fetal abnormalities; 
however, because sulfasalazine can inhibit folate absorption, folic acid supple-
mentation is especially important in pregnant women taking the drug. Sul-
fasalazine can cause reversible oligospermia, and alternative treatments should 
be considered in male patients a�empting to conceive a child.

4.	 What are common e�ects of glucocorticoids on metabolism?
	A.	 Anabolic e�ects in the muscle
	B.	 Sodium retention by the kidneys
	C.	 Elevated blood sugar
	D.	 Decrease in triglycerides
	E.	 Increased bone remineralization

Answer: C  GC are essential for maintaining su�cient blood glucose levels 
during fasting and periods of stress, partly by increasing the hepatic respon-
siveness to glucagon. GC also directly stimulate gluconeogenesis in the liver 
by activating transcription of rate-limiting enzymes of gluconeogenesis such 
as PEPCK. In addition, GC promote protein breakdown in the skeletal muscle 
to provide amino acids for gluconeogenesis. In extreme cases (as in Cushing 
syndrome, including as a consequence of GC administration), GC lead to the 
development of type 2 diabetes.

5.	 How are the consequences of GC-induced suppression of the HPA axis 
managed?
	A.	 By increasing the GC dose
	B.	 By tapering GC administration when the course is over
	C.	 By adjusting the daily dose of GC
	D.	 By monitoring GC levels in the blood
	E.	 By routinely giving patients who are on low-dose prednisone �stress 

doses� with any procedure
Answer: B  GC production is normally controlled by a negative feedback 
loop via the HPA axis whereby increased levels of GCs in the blood signal to 
stop their production. Consequently, when GC are administered in pharma-
cologic quantities, the secretion of endogenous GC is shut down. To avoid 
the detrimental e�ect of GC de�ciency upon discontinuation of GC therapy, 
the dose should be tapered down over time, enabling the endogenous GC 
level to return back to normal.

6.	 Why does the magnitude of in�ammatory response to the same trigger 
vary at di�erent times of day?
	A.	 Glucocorticoid receptor (GR) expression level changes.
	B.	 Mineralocorticoid receptor (MR) expression level changes.
	C.	 In�ammatory triggers compete with endogenous TLR ligands.
	D.	 Endogenous GC levels vary throughout the diurnal cycle.
	E.	 Endogenous catecholamine levels vary throughout the diurnal cycle.

Answer: D  Endogenous GC are responsible for baseline GR activity coun-
teracting in�ammation. GC production changes rhythmically during the 
24-hour diurnal cycle that is superimposed upon a series of much shorter 
burst-like production spikes (7 to 13 per 24 h) referred to as the ultradian 
rhythm. If in�ammatory stimulus occurs at the time of highest plasma GC 
levels, in�ammation will be largely suppressed. Interestingly, GC level oscil-
lation is disrupted in diseases such as rheumatoid arthritis or depression, as 
well as in Cushing syndrome patients, which may contribute to the metabolic 
and cardiovascular manifestations of Cushing. Similar observations were 
reported for patients on long-term synthetic GC therapy.
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ABSTRACT
�erapeutics derived from biologic molecules have transformed many areas 
of medicine. �e development of these new agents is a major shi� from previ-
ous, largely empiric, approaches to drug development. Biologics, including 
monoclonal antibodies, recombinant and fusion proteins, and engineered cells, 
are designed to target pathways involved in disease pathogenesis. In recent 
years, small molecule inhibitors of intracellular signaling pathways have been 
added to the list of available targeted therapeutics. Many of these drugs have 
been shown in rigorous clinical trials to have e�cacy and safety in the treat-
ment of a wide range of conditions ranging from malignancies to autoimmune 
diseases. �is chapter will discuss speci�c agents in these broad categories, 
focusing on approved treatments and using selected examples to illustrate 
molecular targets, mechanisms, and clinical applications. �is is a fast-moving 
area with great potential for even wider clinical applications in the future.





CHAPTER  33  BIOLOGIC AGENTS aND SIGNaLING INHIbITORS 163

interchangeable, as shown by the lack of utility of etanercept in treatment of 
granulomatous diseases such as Crohn disease, whereas in�iximab is e�ca-
cious. A4 

,
 A5  Adverse e�ects of TNF blockade include an increased risk of infec-

tion, especially reactivation of latent tuberculosis, and therefore screening tests 
to exclude TB are required prior to use.

 RANK Ligand
�NKL is another member of the TNF superfamily which promotes osteoclast 
di�erentiation and bone resorption. Denosumab is a recombinant human 
mAb that targets �NKL and interferes with di�erentiation, activation, and 
survival of osteoclasts. It is indicated for treatment of postmenopausal osteo-
porosis and in men and women at high risk of bone loss due to treatment 
with androgen deprivation therapy or aromatase inhibitors, respectively. �e 
long-term consequences of slowing the rate of bone remodeling are as yet not 
known.

 Interleukin-1�
�e monocyte-derived IL-1� cytokine binds to two di�erent surface recep-
tors, but only the Type 1 IL-1 receptor transduces signals. Production of 
IL-1 is associated with fever and induction of acute phase protein synthesis. 
�ree approved therapeutics for IL-1 blockade are available at this time (Table 
33-2): recombinant human IL-1 receptor antagonist (anakinra), a receptor 
fusion molecule (rilonacept) displaying both the IL-1 receptor and the IL-1 
receptor accessory protein, and a fully human monoclonal antibody against 
IL-1� (canakinumab). E�cacy of anakinra in adult � was somewhat dis-
appointing, but subsequent studies in children with in�ammatory arthritis 
showed signi�cant therapeutic e�ects.4 It has become clear that IL-1� is the 
key in�ammatory mediator of the autoin�ammatory syndromes (Chapter 
245), and IL-1 blockade using these agents has been approved for treatment 
of these conditions. An advantage of IL-1 blockade is a lower risk of infec-
tions than with TNF-� inhibitors. An exciting new development with respect 
to canakinumab is its utility in preventing recurrent cardiovascular events in 
subjects with elevated C-reactive protein (CRP) who have su�ered myocardial  
infarction. A6 

 Interleukin-2 (IL-2)
Daclizumab is a humanized monoclonal IgG1 that targets the high a�nity 
IL-2 receptor by binding IL-2R alpha chain. It was approved by the FDA 
in 1997 for prevention of acute renal transplant rejection but was discon-
tinued in 2009 due to lack of demand for its use. Subsequently, in 2016, 
approval was obtained for treatment of relapsing forms of multiple sclerosis5  
(Chapter 383).

 IL-4/IL-13
Dupilumab, which is a human monoclonal antibody, binds to the alpha chain 
subunit that is shared by the IL-4 and IL-13 receptors. Binding of dupilumab 
to this target inhibits signaling of both of these type 2 cytokines that are 
involved in atopic and allergic diseases. Recently two placebo-controlled phase 
3 trials in atopic dermatitis (Chapter 409) showed signi�cant improvement 
a�er 16 weeks of treatment. A7  Notably the improvement was re�ected in quality 
of life measures that are diminished in this disease. �e results con�rm the 
central role of these two cytokines in the expression of atopic and allergic 
diseases.

 IL-5
Two anti-IL-5 monoclonal antibodies, mepolizumab and reslizumab, reduce 
the biologic activity of IL-5 and are useful in the treatment of adults with 
severe asthma (Chapter 81) and eosinophilia (Chapter 161).6, A8  Actions of 
IL-5 include eosinophil maturation, and decreases in peripheral eosinophilia 
in these patients are observed, but this has not been validated as a biomarker 
of therapeutic response.

 IL-6
IL-6 is the prototypic in�ammatory cytokine, which drives production of 
TNF-� and IL-1. It also induces di�erentiation of type 17 helper T cells, 
which produce IL-17 that acts synergistically with TNF-� to cause joint damage 
in �.7 �erapeutic blockade of IL-6 with monoclonal antibodies such as 
tocilizumab and sarilumab is approved for treatment of in�ammatory joint 
conditions in adults and children8 (Table 33-2). Subcutaneous tocilizumab 
was recently FDA-approved for the treatment of giant cell arteritis. A9  As with 
other anti-cytokine therapeutics, increased risk for serious infections is associ-
ated with its use. Tocilizumab has some unique o�-target e�ects, including 

by the FDA in 2017. �ese CAR-T cells target CD19 on B cells and represent 
the �rst example of an engineered living cell being approved.

Biologics will be considered further in groups de�ned by the corresponding 
targets. �ese include soluble mediators such as cytokines, complement 
proteins, antibodies, and growth factors, and cells including malignant cells 
and normal cells, especially T and B lymphocytes.

 Biologics That Target Soluble Proteins
 CYTOKINES
 Tumor Necrosis Factor-�
�e cytokine TNF-� binds to two receptors (TNFR55 and TNFR75) where 
it contributes to host responses against infection. When TNF-� production 
is uncontrolled, chronic in�ammation can cause subsequent tissue damage in 
diseases such as � (Chapter 248). Both mAbs and soluble TNF-� receptor 
molecules are e�cacious in inhibiting the activity of TNF-� (Table 33-2). 
�ese biologics all neutralize soluble TNF-�, but the mAbs are more e�ec-
tive at also binding and preventing signaling of transmembrane forms of the 
cytokine. E�cacy of these approved biologics in � and other conditions 
was shown in large, randomized, placebo-controlled trials in combination 
with methotrexate A1  or as monotherapy. A2 

,
 A3  However, they are not completely 

TABLE 33�2	 APPROVED BIOTHERAPEUTICS TARGETING 
TNF��, INTERLEUKIN�1 AND INTERLEUKIN�6

TARGET THERAPEUTIC DESCRIPTION
APPROVED 

INDICATIONS
TNF-� In�iximab Chimeric mAb Rheumatoid arthritis, 

psoriatic arthritis, 
psoriasis, ankylosing 
spondylitis, Crohn 
disease

Etanercept Receptor fusion 
molecule

Rheumatoid arthritis, 
psoriatic arthritis, 
psoriasis, ankylosing 
spondylitis, polyarticular 
juvenile idiopathic 
arthritis

Adalimumab Humanized mAb Rheumatoid arthritis, 
psoriasis, hidradenitis 
suppurativa, adult and 
pediatric Crohn disease, 
ankylosing spondylitis, 
polyarticular juvenile 
idiopathic arthritis

Golimumab Human IgG1 
mAb

Rheumatoid arthritis, 
psoriatic arthritis, 
ankylosing spondylitis, 
ulcerative colitis

Certolizumab 
pegol

Pegylated Fab� 
fragment of a 
mAb

Rheumatoid arthritis, 
psoriatic arthritis, Crohn 
disease

IL-1 Anakinra Recombinant 
human IL-1 
receptor 
antagonist

Rheumatoid arthritis, 
cryopyrin-associated 
periodic syndromes

Rilonacept Recombinant 
receptor fusion 
molecule

Cryopyrin-associated 
periodic syndromes

Canakinumab Human IgG1 
mAb

Systemic juvenile 
idiopathic arthritis, adult 
and pediatric familial 
Mediterranean fever, 
TNF receptor-associated 
periodic syndrome, 
hyper IgD syndrome

IL-6 Tocilizumab Recombinant 
humanized 
mAb

Rheumatoid arthritis, giant 
cell arteritis, systemic 
juvenile idiopathic 
arthritis, polyarticular 
juvenile idiopathic 
arthritis

Sarilumab Human IgG1 
mAb

Rheumatoid arthritis

IgG � immunoglobulin G; IL � interleukin; mAb � monoclonal antibody.
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 Biologic Agents That Target Cells
 IMMUNE CELLS
 B Lymphocytes
�e humoral arm of the immune response mediates many autoimmune dis-
orders through production of autoantibodies. �erefore, blockade or targeted 
elimination of B lymphocytes as well as inhibition of B cell�derived cytokines 
has been used therapeutically in diseases such as systemic lupus erythematosus 
(SLE) (Chapter 250) and �. Rituximab is a chimeric monoclonal antibody 
that targets CD20 B cells for deletion. It was �rst used for treatment of B-cell 
lymphomas (Chapter 176) and is now also approved for treatment of �. 
Clinical trials of rituximab in SLE, however, failed to reach end points, and 
this is not an FDA-approved indication. Nevertheless, published guidelines 
and consensus documents suggest that rituximab may be useful as treatment 
for organ-damaging SLE that has failed other therapies.16 Ocrelizumab is a 
humanized monoclonal antibody that targets an overlapping epitope of CD20 
and is an FDA-approved treatment for multiple sclerosis (Chapter 383). Tar-
geting CD19 rather than CD20 is of interest as an alternative approach due 
to the potential for depleting long-lived plasma cells and early B cells that 
are not CD20-positive, while at the same time sparing regulatory B cells. 
Anti-CD19 antibodies are currently in trials for autoimmune diseases and  
malignancies.17

Another approach to inhibiting B lymphocytes is by targeting cytokines 
that are essential for B cells to mature and survive, such as the B cell activating 
factor (BAFF) in the TNF family. Belimumab is an anti-CD257 (BAFF) mAb 
that showed e�cacy in SLE but not in lupus nephritis. It is FDA-approved to 
treat adults with active SLE. A fusion protein targeting CD257, blisibimod, 
failed to achieve e�cacy endpoints in SLE, but is currently being investigated 
as a treatment for IgA nephropathy.

 T Lymphocytes
�e central role of T lymphocytes in the immune response makes this cell 
subset an a�ractive target for treatments of autoimmune disease and gra� 
rejection. As noted above, therapies targeting the T-cell surface marker CD3 
have been available for several decades and are still in limited use for the 
treatment of transplant rejection. �e �rst humanized therapeutic mAb was 
alemtuzumab, which targeted the CD52 molecule on T and B lymphocytes. 
An unexpected and as yet unexplained consequence of this treatment was 
long-standing lymphopenia, limiting its use.

 COSTIMULATORY MOLECULES
Another approach is inhibition of costimulatory signals required for full T-cell 
activation. �e best example is the fusion protein abatacept, in which the extra-
cellular portion of cytotoxic T lymphocyte antigen-4 (CTLA-4) is coupled 
to the extracellular portion of human IgG1. �is molecule, which inhibits 
costimulatory signals between CD28 and CD80/86, is FDA-approved for 
the treatment of �. Addition of abatacept to cyclophosphamide, however, 
did not improve the outcome of lupus nephritis in a trial. A11  In general, infec-
tious complications associated with abatacept are lower than with drugs 
that block TNF-�. Physiologically, CTLA4 binds CD80/CD86 and deliv-
ers a signal that inhibits T-cell activation. Antibodies that target CTLA4 
and other negative regulators of T-cell activation (PD1, PDL1) represent a 
new class of drugs, checkpoint inhibitors, that are currently in use to treat 
various cancers. Examples include ipilimumab, nivolumab, atezolizumab, and  
pembrolizumab.

 ADHESION MOLECULES
Another way to manipulate T cells in the immune response is to block migra-
tion to sites of in�ammation. Natalizumab is a human monoclonal antibody 
against �4-integrin which achieves this e�ect and is approved to treat relapsing/
remi�ing forms of MS. A safety concern with natalizumab is the risk of pro-
gressive multifocal leukoencephalopathy (Chapter 346), a fatal condition 
which is associated with reactivation of the JC virus in immunosuppressed 
individuals.

 Small Molecule Targeted Therapies
In addition to recombinant cytokines, small molecule agonists of cytokine 
receptors have been generated. Eltrombopag is a small molecule thrombo-
poietin receptor agonist that is approved for treatment of cases of immune 
thrombocytopenia (ITP) that are resistant to other therapies. It has the advan-
tage of oral dosing (Chapter 163). �e original approval for ITP was subse-
quently expanded with addition of severe aplastic anemia, in which e�cacy 

an increased risk of varicella zoster virus infection as well as liver and cholesterol 
abnormalities.

 IL-12/IL-23
�e cytokines IL-12 and IL-23 are dimeric cytokines that share a subunit 
(designated p40). �e human monoclonal antibody ustekinumab targets this 
common p40 chain, preventing binding of both cytokines to their correspond-
ing receptors, which are expressed primarily on activated T cells. Ustekinumab 
is an approved treatment for psoriasis (Chapter 409), psoriatic arthritis  
(Chapter 249), and Crohn disease (Chapter 132). A10 

 IL-17
�e IL-17 cytokines are produced by innate lymphocytes and a subset of 
helper T cells, designated �17. �e IL-17 family includes 6 members, with 
IL-17A and IL-17F sharing sequence similarities and having the greatest role 
in development of autoimmunity. Receptors for IL-17 family members are 
unique and not related to other known cytokine receptors. Neutralizing anti-
bodies to IL-17A are relatively new biotherapeutics. �e monoclonal antibodies 
secukinumab and ixekizumab are FDA-approved to treat ankylosing spondylitis, 
psoriasis, and psoriatic arthritis.9

 Thymic Stromal Lymphopoietin (TSLP)
�is epithelial cell�derived cytokine has a role in regulation of type 2 immunity, 
and it upregulates other cytokines. It has been shown to be elevated in the 
airways of patients with asthma. A recent phase 2 trial showed e�cacy of an 
anti-TSLP monoclonal antibody, tezepelumab, in patients with asthma.10

 ANTIBODIES
IgE antibodies mediate allergic diseases by binding through the Fc portion 
of the molecule to speci�c receptors, Fc�RI and CD23/Fc�RII. Omali-
zumab is an approved humanized IgG1 mAb that binds free IgE and pre-
vents receptor binding and signaling. Serum levels of IgE are decreased in 
treated patients and as a consequence, the number of cellular IgE receptors 
is downregulated.11 Indications for treatment with omalizumab include aller-
gic asthma that has failed other therapies and chronic spontaneous urticaria 
(Chapter 237). Due to the elevated risk of allergic reactions, the subcutane-
ous injections of this drug must be done in a medical o�ce rather than in  
the home.

 COMPLEMENT
Tissue damage in allergic and immune disorders is o�en mediated by comple-
ment proteins, so targeting these molecules is a useful therapeutic approach.12 
Eculizumab is a humanized recombinant IgG2/IgG4 mAb that blocks the 
conversion of C5 to C5a and C5b, thereby preventing formation of the 
membrane a�ack complex, as well as blocking chemotactic activity of C5a. 
It is FDA-approved to treat paroxysmal nocturnal hemoglobinuria (Chapter 
151) and is available in some countries for treatment of atypical hemolytic 
uremic syndrome. Investigational applications include age-related macular  
degeneration.

 GROWTH FACTORS
 Vascular Endothelial Growth Factor (VEGF)
�e VEGF family of growth factors is involved in angiogenesis and has been 
implicated in pathogenesis of malignant disease, development of metastases, 
and in forms of retinopathy. E�ects on bone resorption in diseases like sclero-
derma also have been shown.13 Biologics targeting VEGF include bevacizumab, 
a humanized monoclonal antibody that inhibits angiogenesis and has been 
used in treatment regimens for some malignancies. Risks of bevacizumab 
include bleeding and delayed wound healing. Another approach to targeting 
VEGF is with the recombinant fusion protein a�ibercept, composed of binding 
domains of the two human receptors for VEGF fused to human IgG1 Fc. 
Indications include wet macular degeneration and diabetic macular edema  
(Chapter 395), utilizing intraocular injections, and metastatic colon cancer  
(Chapter 184), via the intraperitoneal route.14,15

 Epidermal Growth Factor (EGF)
Activation of the EGFR, which binds both EGF and transforming growth 
factor (TGF)-� leads to uncontrolled tumor cell proliferation. Biotherapeutics 
targeting this pathway block the receptor using monoclonal antibodies to the 
extracellular domain. One of these molecules is trastuzumab, a humanized 
monoclonal antibody that is used in treatment of metastatic breast cancer 
(Chapter 188).

is due to actions on stem cells that result in production of other cell lines.18 
�is interesting precedent suggests that many other small molecule cytokine 
receptor agonists and antagonists might be useful therapeutics.

Seven-transmembrane receptors, including chemokine receptors, are very 
�druggable� targets. Two examples of drugs that target chemokine receptors 
include maraviroc, a small, orally available molecule that targets the chemo-
kine receptor CCR5. �is receptor is an essential cofactor for HIV entry into 
the cell, which is the mechanism of its antiretroviral e�ects. Fingolimod is 
a small molecule inhibitor that targets sphingosine-1-phosphate receptor 
(S1PR1), which is critical for tra�cking of T cells, and is approved for multiple  
sclerosis.

 SIGNALING INHIBITORS
An alternative to targeting cytokines extracellularly is to use small molecules 
that block intracellular pathways activated by binding of cytokines to their 
speci�c receptors. An advantage of this approach is that the drugs are admin-
istered orally. Because of the ultimately similar downstream cytokine targets, 
a basic safety principle is that biologics and signaling inhibitors are generally 
not recommended for use in combination. Janus kinases ( JAKs) are critical 
for signaling by a large family of cytokines, presenting an especially a�ractive 
therapeutic target (Fig. 33-2). �e critical role of JAK3 in immune cells is 
evidenced by the link between JAK3 mutations and primary immunode�ciency. 
First-generation JAK inhibitors, or Jakinibs, inhibit multiple JAKs and thus  
a large number of cytokines. Tofacitinib is the �rst Jakinib approved for  
�. A12  Tofacitinib has been studied in other diseases and conditions, including 
psoriatic arthritis, ankylosing spondylitis, psoriasis, ulcerative colitis, and a 
number of dermatologic conditions.19 Polycythemia vera and related myelo-
proliferative neoplasms are due to gain-of-function JAK2 mutations. Ruxolitinib 
inhibits JAK1 and JAK2 and is approved for the treatment of myeloproliferative 
neoplasms (Chapter 157). First-generation Jakinibs inhibit JAK2 which medi-
ates signaling of many cytokines including growth hormone, erythropoietin, 
thrombopoietin, IL-11, G-CSF and GM-CSF, so treated patients may develop 
anemia and other cytopenias. While these e�ects are not usually severe enough 
to lead to discontinuation of treatment, newer selective Jakinibs are being 
developed that spare JAK2.

Like JAK3, mutations of Bruton�s tyrosine kinase (Btk) establish their criti-
cal role in B-cell function. �e Btk inhibitor ibrutinib is FDA-approved to 
treat chronic lymphocytic leukemia (Chapter 174), Waldenstrom�s macro-
globulinemia, and lymphoma. In all, more than 35 kinase inhibitors have been 
approved for multiple indications, including many cancers.
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proliferative neoplasms are due to gain-of-function JAK2 mutations. Ruxolitinib 
inhibits JAK1 and JAK2 and is approved for the treatment of myeloproliferative 
neoplasms (Chapter 157). First-generation Jakinibs inhibit JAK2 which medi-
ates signaling of many cytokines including growth hormone, erythropoietin, 
thrombopoietin, IL-11, G-CSF and GM-CSF, so treated patients may develop 
anemia and other cytopenias. While these e�ects are not usually severe enough 
to lead to discontinuation of treatment, newer selective Jakinibs are being 
developed that spare JAK2.

Like JAK3, mutations of Bruton�s tyrosine kinase (Btk) establish their criti-
cal role in B-cell function. �e Btk inhibitor ibrutinib is FDA-approved to 
treat chronic lymphocytic leukemia (Chapter 174), Waldenstrom�s macro-
globulinemia, and lymphoma. In all, more than 35 kinase inhibitors have been 
approved for multiple indications, including many cancers.
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FIGURE 33�2.  Janus kinases (JAKs) are critical for signaling by a large family of cytokines. (1) When a cytokine engages its receptor, JAKs become activated and phosphorylate each 
other, as well as the intracellular tail of their receptors. (2) This creates a docking site for STATs, which are now able to bind to the cytoplasmic domain of the receptor. (3) The STATs, in 
turn, are phosphorylated and activated, which allows them to dimerize. (4) the STAT-STAT dimer translocates to the nucleus where it can directly bind DNA and regulate gene expres-
sion. (O’Shea JJ, Schwartz DM, Villarino A, Gadina M, McInnes IB, Laurence A. Ann Rev Med. 2015. 66:311-28).
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  CONCLUSION
�e use of biologic agents and signaling inhibitors has led to major improve-
ments in the treatment of a wide variety of diseases, ranging from autoimmunity 
to malignancies. �ese targeted therapies have also provided insights into 
basic pathogenetic mechanisms in many of these disorders. Future directions 
are likely to focus on improved targeting, with greater selectivity for disease 
processes while sparing normal pathways, thereby reducing o�-target e�ects. 
Expansion into other areas of medicine is also likely, with borrowed, modi�ed, 
or completely new agents.
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ABSTRACT
Complementary medicine has been de�ned as health care approaches devel-
oped outside of mainstream Western or conventional medicine, when they 
are used either together with conventional medicine or as alternative treatment 
in place of conventional medicine. �e term integrative medicine is used for 
the practice of bringing conventional and complementary therapeutic 
approaches together in a coordinated way. One third of adults in the United 
States report using some form of complementary health approach within the 
previous 12 months. Most complementary health care approaches can be 
classi�ed into two broad categories: (1) mind and body practices (including 
meditation, yoga and tai chi, manual therapies, acupuncture); and (2) natural 
products (vitamins and mineral supplements, probiotics and prebiotics). At 
this time, natural products are regulated in the United States under the Dietary 
Supplement Health and Education Act, outside the Food and Drug Admin-
istration (FDA). Although much more evidence is needed on many fronts, 
evidence-based complementary therapies are increasingly being integrated 
into medical practice.
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there are limited resources for the FDA to assess whether a supplement may 
be responsible for serious adverse events. Using nationally representative 
surveillance data from 63 emergency departments (ED) in the United States 
from 2004 through 2013, it was estimated that 23,000 ED visits every year 
are a�ributed to adverse events related to dietary supplements.10 One of the 
developments that spurred increased a�ention to safety issues was controversy 
over ephedrine alkaloids, which were included in several dietary supplements 
but were found to be associated with cardiovascular events. In response to 
concerns such as this, the Dietary Supplement and Nonprescription Drug 
Consumer Protection Act was passed by Congress in 2006. Of note for physi-
cians, this act requires that a �responsible person� submit to the FDA all reports 
of a �serious adverse event� associated with a dietary supplement. Although 
this law is particularly aimed at supplement manufacturers, the reporting 
process can be initiated by health professionals, using a form available on the 
FDA website (MedWatch Form 3500A).

Two sources of information that may be useful for obtaining the current 
research status of di�erent natural products are the NCCIH website, which 
has updated reports on research on individual herbs (h�ps://nccih.nih.gov/
health/herbsataglance.htm), and the National Institutes of Health O�ce of 
Dietary Supplements, which has additional information on di�erent dietary 
supplements (h�ps://ods.od.nih.gov/factsheets/list-all/). Moreover, the 
�rst of �ve comprehensive review articles investigating the �50,000 dietary 
supplements, including herbs, currently entered in the U.S. O�ce of Dietary 
Supplements� �Dietary Supplement Label Database� was recently published 
and provides an overview of e�cacy, safety, and government regulations in 
the United States.11 Although much of the research has not found evidence 
that clearly supports the use of di�erent nutritional supplements, there are 
intriguing exceptions. An example is turmeric, which has historically been 
used in Ayurvedic medicine (traditional medicine from the Indian subcon-
tinent). Turmeric is high in curcumin, a curcuminoid that has substantial 
biologic activity, including anti-in�ammatory and antioxidant properties. A 
randomized, double-blind, placebo-controlled trial found that a curcuminoid 
preparation was more e�ective than placebo for decreasing the intensity of 
pain and its related interference with function in participants with knee  
osteoarthritis. A10 

 Potential Interactions with Drug Therapies
One reason for medical providers to be aware of the dietary supplements their 
patients are taking is that some supplements may have potential interactions 
with other medications. An example is St. John�s wort. �ere is some evidence 
that St. John�s wort may improve depression, but well-designed studies have 
failed to show that it is more e�ective than placebo. St. John�s wort induces 
several cytochrome P450 isoenzymes and has signi�cant interactions with a 
variety of medications metabolized through this system, including warfarin, 
cyclosporine, oral contraceptives, certain antiretrovirals, and selective serotonin 
reuptake inhibitors. Other herbal supplements with signi�cant potential for 
drug interactions include goldenseal and ginseng.

 Vitamin and Mineral Supplements
Vitamin and mineral supplements are popular and widely used. Observational 
studies have linked consumption of various micronutrients, or measurements 
of these micronutrients in blood, to reduced risk of certain diseases. Evidence 
for their bene�ts for general populations from randomized controlled trials 
has been disappointing, however. In fact, multiple randomized trials of nutri-
ent supplementation not only have failed to �nd evidence of bene�t, but also 
have suggested potential harms. �e problems with translation of potential 
bene�t from observational studies into proven bene�t from controlled trials 
are likely to involve several limitations of observational data for assessing the 
health e�ects of micronutrients. First, diet pa�erns are highly confounded 
with other lifestyle factors, thus making it di�cult to disentangle consumption 
of certain micronutrients from a variety of other behavioral and lifestyle factors 
that may underlie the apparent health bene�ts, ranging from greater exercise 
to more careful adherence to medical regimens. Second, there are likely to be 
important di�erences between consuming adequate levels of certain micro-
nutrients from whole foods and taking speci�c supplements that a�empt to 
extract what is thought to be the active ingredient. For example, obtaining 
high levels of vitamin A from a vegetable-rich diet is likely to provide a range 
of additional nutrients with potential health bene�ts, such as phytonutrients, 
that are not present in supplement pills. �ird, supplementation at higher 
than typical levels achieved by a healthy diet may have unanticipated harms. 
One possible example is calcium supplementation. Although it is logical that 
obtaining adequate calcium is helpful for bone strength, there is evidence that 

conditions such as anxiety, some of the bene�t of massage on pain may be 
through its psychological e�ects. One important issue for clinicians to under-
stand is that there is a range of massage techniques, as well as di�erent types 
of expertise among massage therapists. Some forms, such as Swedish massage, 
are aimed largely at relaxation. Other forms of massage, such as sports massage, 
tend to use greater pressure and techniques speci�cally aimed at enhancing 
recovery from muscle injury. When referring a patient for massage for issues 
such as sports injury, it may be helpful to make sure the massage therapist 
has speci�c training and experience in working with sports injuries.

Spinal manipulation involves applying a controlled force to a joint of the 
spine. It is typically performed by chiropractors or osteopathic physicians, 
but it can also be done by physical therapists and some physicians. Spinal 
manipulative therapy for low back pain has been tested in multiple clinical 
trials. Meta-analysis shows that it is e�ective in reducing acute low back pain, 
with a pooled mean improvement in pain of about 10 mm on a 100-mm visual 
analogue pain scale, A8  although prior research has some methodologic weak-
nesses. Along with massage and acupuncture, spinal manipulation is included 
in the American College of Physicians recommendations for treatment of 
acute low back pain.8

 Acupuncture and Traditional Chinese Medicine
Acupuncture9 has been practiced in China for thousands of years. It involves 
placing thin needles in speci�c sites, or acupuncture points, which are o�en 
stimulated in a variety of ways, such as by spinning the needle. Although there 
is some controversy over what degree of acupuncture bene�t is due to placebo 
e�ect versus actual e�ects of the needle insertion, some recent meta-analyses 
that use individual patient-level data are helpful in clarifying these issues. 
�ese analyses suggest that acupuncture has signi�cant bene�t in improving 
chronic pain in conditions such as back pain, osteoarthritis, and chronic head-
ache, with 50% or greater reductions of pain scores in about 50% of patients, 
when compared with no-acupuncture control groups. However, when compared 
with sham acupuncture control groups, about half the reduction in pain appears 
to be consistent with a placebo e�ect�although the sham control procedures 
may have included active elements such as stimulation of an acupuncture 
point without a needle penetrating the skin.

�ere is also substantial evidence that acupuncture decreases nausea and 
vomiting from chemotherapy or surgery. One meta-analysis found a 75% 
reduction in postoperative nausea, although this e�ect was seen only a�er the 
�rst 6-hour period following surgery. A9 

Acupuncture is one important part of traditional Chinese medicine. Other 
components include a diagnostic approach to health conditions that involves 
assessment of potential imbalances or blockages in the circulation of qi, or 
vital energy, through the body, and use of herbal medicine, as well as diet 
recommendations and exercise (including qigong). Evidence for the broader 
elements of traditional Chinese medicine is weaker, but interest has grown in 
�whole systems� research, which uses broader Chinese medicine approaches 
rather than acupuncture alone. A similar process is taking place with research 
on Ayurveda, or traditional medicine from the Indian subcontinent, which 
includes some elements of yoga along with components parallel to traditional 
Chinese medicine, such as a diagnostic approach and herbal treatments.

  NATURAL PRODUCTS
Natural products encompass vitamins and minerals, herbs (also known as 
botanicals), and probiotics. �ese products are o�en sold as dietary supple-
ments. Although many of these products have anecdotal support and some 
have stood the test of time by being recommended for hundreds of years, 
there is limited evidence of e�cacy from well-designed, rigorous studies for 
most of these products. Natural products are currently regulated in the United 
States under the Dietary Supplement Health and Education Act (DSHEA), 
which was enacted in 1994. Under DSHEA, dietary supplements are consid-
ered to be food, and supplement manufacturers do not need to obtain Food 
and Drug Administration (FDA) approval before marketing any supplement 
that was already marketed before 1994 (�grandfathered status�). New dietary 
ingredients introduced a�er 1994 require reasonable evidence of their safety, 
which must be reviewed before marketing.

Under this system, the FDA is responsible for taking action against an unsafe 
product a�er it has reached the market, but manufacturers are not required 
to prove safety or e�cacy of �grandfathered� natural products before market-
ing. Critics have raised concerns that there are limited protections for consumers 
to ensure that dietary supplements contain active ingredients in the amounts 
speci�ed and do not contain other substances to which people may have 
allergies or other forms of intolerance. Concerns have also been raised that 
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high levels of calcium supplementation increase the risk of nephrolithiasis in 
susceptible individuals and some concern that it may increase the risk of 
arterial calci�cation and cardiovascular events�without strong evidence that 
it decreases risk of bone fractures.

Together, these considerations suggest that clinicians should focus on having 
patients follow an overall healthy eating pa�ern that is low in processed foods 
and high in nutrient-rich foods, rather than taking dietary supplements. A 
Mediterranean diet pa�ern, for example, has been demonstrated in a random-
ized controlled trials to reduce cardiovascular risk, A11  and this type of diet 
should provide adequate micronutrients for most patients. Special conditions 
in which there is evidence of bene�t from micronutrient supplementation 
include pregnancy and conditions such as malabsorption syndromes. Vitamin 
D, most of which came from sun exposure in earlier times, may be an excep-
tion in which supplementation is of greater bene�t, but this issue still awaits 
results of large-scale clinical trials that are underway.

 Probiotics and Prebiotics
�ere is growing evidence that the microbiome found in the gut has a variety 
of important in�uences on health, although further research is needed. An 
important question is what can be done to in�uence the gut microbiome in 
ways that promote health. Probiotics are live microorganisms that are thought 
to be bene�cial in the human gut and may promote a healthy gut microbi-
ome. �ese are available naturally in di�erent foods (e.g., yogurt and other 
fermented foods) or as speci�c dietary supplements. Prebiotics are nondigest-
ible food ingredients that promote the growth of bene�cial microorganisms. 
Increasing certain prebiotics is a second potential approach to improving the 
gut microbiome.

Perhaps the most impressive evidence for how changing the gut microbiome 
can treat a medical condition comes from the studies in which fecal transplant 
from healthy individuals has been used to treat recurrent Clostridium di�cile�
associated colitis. Fecal transplant appears to be highly e�ective and is now 
o�ered at many major medical centers for this condition.12

�ere are a variety of other conditions in which probiotics may prove helpful. 
Studies of probiotics for irritable bowel syndrome (IBS) have suggested overall 
improvements in symptoms,13 and probiotics are included in recommenda-
tions for IBS treatment from the American College of Gastroenterology. 
However, the evidence was also considered of low quality and not adequate 
to make good recommendations on which species, preparations, or strains are 
best. Evidence for use of prebiotics was believed to be insu�cient to make  
recommendations.
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  CONCLUSIONS
Although more evidence is needed on many fronts, evidence-based comple-
mentary therapies are increasingly being integrated into medical practice. 
When used appropriately, these approaches may expand the tools available 
to health care practitioners and the options that can be recommended to 
patients. Many patients may appreciate choices other than drugs in di�erent 
conditions. For some conditions, such as pain, the use nonpharmacologic 
treatments may reduce the risk of harm from conventional treatments, such 
as overuse of narcotics.
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2.	 Which of the following conditions is not an evidence-based indication for 
management with mind and body practices?
	A.	 Chronic pain
	B.	 Acute low back pain
	C.	 Blood pressure regulation
	D.	 Schizophrenia
	E.	 Chemotherapy side e�ects

Answer: D  In general, mind and body practices have not been rigorously 
tested as treatment for speci�c diseases, including psychiatric disorders such 
as schizophrenia. On the other hand, clinical trials and even meta-analyses of 
clinical trials have demonstrated e�cacy of mindfulness-based stress reduction 
and other meditation approaches, as well as yoga, for chronic pain; massage 
therapy, acupuncture, and spinal manipulation for acute low back pain; yoga 
and massage therapy for blood pressure control; and acupuncture for the 
control of chemotherapy-induced nausea and vomiting.

REVIEW QUESTIONS
1.	 Which of the following characterizes the current use of natural products 

by adults in the United States?
	A.	 Most are used by individuals illicitly.
	B.	 Most are available without the FDA approval process required for pre-

scription drugs.
	C.	 Most have known adverse e�ects or adverse drug interactions.
	D.	 Most cannot be subjected to conventional randomized clinical trials 

because of their large placebo e�ect.
	E.	 Most are used by individuals with psychiatric problems or terminal 

illnesses.
Answer: B  Under the Dietary Supplement Health and Education Act of 1994, 
dietary supplements are considered are considered to be food, and their manu-
facturers do not need U.S. Food and Drug Administration (FDA) approval 
if they were marketed before 1994. Dietary supplements marketed a�er 1994 
require reasonable evidence of their safety. Most natural products are freely 
and legally available through commercial sources, and most are used by the 
population at large, including individuals without any major health problems. 
Adverse e�ects or adverse drug interactions have been rigorously documented 
in only a small minority of natural products. Although signi�cant placebo 
e�ects could be involved with trials of some of these products for certain 
indications, this should not prevent them from being subjected to traditional 
randomized, double-blind, placebo-controlled clinical trials of e�cacy and 
safety.
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ABSTRACT
Genetics and genomics are increasingly being incorporated into the day-to-day 
practice of medicine. Rare diseases have long been the domain of medical 
genetics, and new techniques of genome sequencing have vastly increased the 
power of genetic diagnosis. In some cases, targeted therapies are now available 
or are in development. A proportion of apparently �common disorders� such 
as cancer and cardiovascular disorders can be a�ributed to single gene changes 
as well. Tools are now at hand to identify individuals at risk, in some cases 
based on genetic testing, but also from analysis of family history. �e genetics 
of multifactorial common disorders are the most di�cult to elucidate. Genetic 
factors that are associated with risk of common conditions are rapidly coming 
to light. Whether these will be useful for prediction is unclear, but they are 
already helping to unravel the pathophysiology of common conditions. Genomic 
testing can also be used to guide choice of therapy in conditions such as cancer 
and to customize drug dosage to individual variations in drug metabolism. 
As the clinical utility of genomic medicine is gradually established, it is likely 
that virtually all areas of medical practice will include genetics and genomics 
in routine medical decision making.
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subsequent monitoring of iron stores. Individuals at risk for colon cancer can 
be o�ered surveillance with colonoscopy or surgical resection of the colon to 
reduce the risk for cancer. Individuals at risk for breast and ovarian cancer 
likewise can be o�ered surveillance, chemoprevention, or surgery. �e bene�ts 
of knowledge of genetic risks are less clear in some instances. Carriers of the 
factor V Leiden mutation would not be treated with anticoagulation until 
a�er an event of thrombosis, and the treatment may not be di�erent for a 
carrier versus a noncarrier. In some cases, however, knowledge of carrier status 
may help ensure prompt diagnosis or avoid situations of high risk.

 GENETIC TESTING
As with other medical tests, the physician should carefully consider risks, 
bene�ts, and clinical utility in deciding to use a genetic test. Some distinct 
ethical and legal risks may apply to some genetic tests.9 �ese may include 
anxiety, stigmatization, guilt, and possibly discrimination for life or disability 
insurance. Some of these risks may be addressed by legislation to maintain 
privacy of genetic information, such as the Genetic Information Nondiscrimi-
nation Act of 2008, but the risks for anxiety, guilt, and stigmatization cannot 
be legislated away. To some extent, further research may improve the basis 
for surveillance or lead to e�ective treatments. For now, many of these disorders 
present a double-edged sword of potentially useful knowledge and potentially 
harmful information.

 ROLE OF THE NONSPECIALIST IN MANAGEMENT
�e role of the physician in dealing with monogenic disorders includes rec-
ognition of individuals at risk and participation in formulation of a care plan. 
Individuals at risk may not be identi�able by physical appearance and usually 
are not evident from medical history or physical examination �ndings. �e 
most valuable screening tool is the family history. Directed questioning about 
a family history of major monogenic disorders, especially breast, ovarian, and 
colon cancer, as well as hypercholesterolemia, hypertension, deep vein throm-
bosis, cirrhosis, and diabetes, can identify the occasional patient with mendelian 
segregation of these common disorders. Even if the information is of uncertain 
reliability, eliciting a family history can prompt referral for further evaluation, 
documentation of the family history, and consideration for genetic testing. 
�e physician�s job is not simply to identify individuals at risk; some people 
believe they are at high risk even in the absence of well-documented risk 
factors. Addressing these misconceptions can bring peace of mind and usually 
does not require genetic testing.

�e advent of whole exome or genome sequencing for diagnosis of rare 
disorders has opened the possibility of identi�cation of individuals at risk 
based on secondary �ndings. �e American College of Medical Genetics and 
Genomics has recommended that testing laboratories evaluate a list of genes 
(currently numbering 59) for which identi�cation of a pathogenic variant 
would lead to management that can substantially reduce risk.10 �is would 
be done even if the individual being sequenced is a child, because the condi-
tion may have relevance to the eventual health of the child, as well as parents 
and other relatives.

 Complex, Multifactorial Disorders
Understanding the genetics of common disorders is one of the great challenges 
of modern medicine, with the promise of major returns in terms of prevention, 
diagnosis, and treatment. �e etiology of these disorders is complex in that 
they result from an interaction of multiple genes with one another and with 
environmental factors. �e speci�c genes that are relevant may be di�erent 
from one person to the next. Identi�cation of these genes is di�cult given 
this heterogeneity and the relatively small e�ect that any particular gene may 
have in a particular person.

 POPULATION STUDIES
Dissection of the genetic contribution to common disease cannot be accom-
plished by the standard genetic approaches involving study of rare variants 
or family-based linkage studies. Most recent e�orts have focused on study of 
large groups of patients, comparing the prevalence of particular genetic markers 
in case patients and control subjects. �e availability of millions of genetic 
variants across the genome and rapid and inexpensive approaches to genotyp-
ing has enabled genome-wide association studies (GWAS) for genetic markers 
that are associated with common disorders. Hundreds of such associations 
have been found, either because genetic markers themselves contribute to 
risk or are closely linked with another genetic sequence that is involved in the 
disorder (linkage disequilibrium). For most disorders, however, the total con-
tribution to heritability of the condition has not been accounted for by GWAS.11

polyposis). Genetic tests for groups of disorders associated with cancer are 
now available as multigene panels and are routinely used in diagnostic assess-
ment and counseling.

 CLINICAL UTILITY OF RECOGNIZING MONOGENIC COMMON DISORDERS
�e physician may be called on to address these disorders in many ways. �ere 
is a compelling reason to make an early diagnosis of hemochromatosis because 
the complications can be prevented, but not reversed, by phlebotomy and 

TABLE 35�1	 HIGH�PENETRANCE SINGLE�GENE DISORDERS 
THAT MAY PRESENT IN ADULTHOOD, WITH 
SOME MAJOR MEDICAL IMPLICATIONS*

DISORDER INHERITANCE
MAJOR MEDICAL 

IMPLICATIONS
CARDIOVASCULAR
Marfan syndrome AD Risk for aortic dissection; lens 

dislocation
Long QT syndrome AD, AR Arrhythmia, sudden death
RENAL
Adult polycystic kidney 

disease
AD Renal failure

PULMONARY
�1-Antitrypsin de�ciency AR Emphysema, cirrhosis
NEUROLOGIC
NF1 AD Benign and malignant nerve sheath 

tumors, gliomas
NF2 AD Schwannomas (especially vestibular), 

meningiomas
Von Hippel-Lindau AD Hemangioblastoma of cerebellum, 

brain stem, eye; 
pheochromocytoma; renal cell 
carcinoma

Huntington disease AD Movement disorder, psychiatric 
disorder, dementia

HEMATOLOGIC
Globin disorders AR Stroke, iron overload
ENDOCRINE
MEN syndromes AD Tumors of thyroid and parathyroid, 

pheochromocytoma
*See Table 35-2 for examples of lower penetrance disorders.
AD � autosomal dominant; AR � autosomal recessive; MEN � multiple endocrine neoplasia; NF � 
neuro�bromatosis.

TABLE 35�2	 SINGLE�GENE DISORDERS WITH INCOMPLETE 
PENETRANCE THAT MAY ACCOUNT  
FOR INHERITED FORMS OF SELECTED 
COMMON DISORDERS

DISORDER INHERITANCE: GENES
MAJOR MEDICAL 

IMPLICATIONS
Hemochromatosis AR: HFE Cirrhosis, cardiomyopathy, 

diabetes mellitus
�rombophilia AD, AR: multiple genes Deep vein thrombosis
Breast and ovarian cancers AD: BRCA1, BRCA2 Breast and ovarian cancers
Familial adenomatous 

polyposis
AD: APC Multiple colonic polyps, 

colon cancer
Lynch syndrome AD: DNA mismatch repair 

genes
Colorectal cancer, 

endometrial cancer
Maturity-onset diabetes of 

the young
AD: multiple genes Diabetes mellitus

Cardiomyopathy AD: genes involved in 
cardiac contractile 
apparatus

Arrhythmia, heart failure

AD � autosomal dominant; AR � autosomal recessive.
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risks of common diseases were o�ered initially, major questions were raised 
about clinical validity and clinical utility of these tests. �e Food and Drug 
Administration has exercised restrictions on return of such results in DTC 
tests. Current DTC tests focus more on ancestry, �traits� (such as eye color), 
carrier status for autosomal recessive disorders, and some well-characterized 
pathogenic genetic variants.

 DISEASE STRATIFICATION
Another application of genomics in medical practice entails strati�cation of 
disease. Even if genetic testing is not used to predict individuals at risk, it may 
be used to determine the most appropriate treatment for a clinically diagnosed 
disorder. �is is o�en referred to as �precision medicine.� �ere is a major 
national research e�ort underway to identify risk factors for disease and appro-
priate treatments.13 Most common disorders, such as hypertension and diabetes, 
are symptom complexes that probably result from a variety of causes. �e 
particular combination of causes may di�er in di�erent individuals and may 
respond to di�erent types of treatments. For example, blood pressure has a 
substantial genetic component, and the choice among antihypertensive drugs 
may eventually be guided by genetic testing to determine the speci�c cause 
of hypertension in an individual patient. �e concept of disease strati�cation 
is particularly well developed in treatment of cancer, where targeted multigene 
tests and even genome sequencing is increasingly being used to guide therapy.14 
It is likely that genetic tests eventually will accompany many if not most treat-
ment decisions.

 PHARMACOGENETIC TESTING
Aside from helping to choose the most e�cacious drug, genetic testing may 
play a role in avoidance of side e�ects and in appropriate dosing.15 Many drugs 
are known to be associated with rare side e�ects, some of which are su�ciently 
severe as to lead the drug to be withdrawn from use. Some of these side e�ects 
may occur only in individuals who are susceptible on the basis of having a 
particular allele at a polymorphic locus. An example is the association of poly-
morphisms in certain sodium or potassium channel genes with risk for arrhyth-
mia on exposure to speci�c drugs.

Absorption and metabolism of drugs are largely under genetic control. 
Several polymorphisms are known to lead to particularly rapid or slow metabo-
lism, accounting for individuals who experience dose-related side e�ects or 
lack of e�cacy at standard dosages (Table 35-3). Detection of these polymor-
phisms would allow customization of drug dosage to an individual�s pa�ern 
of metabolism, increasing the likelihood of e�cacy without a prolonged period 
of trial-and-error dosing.

�e greatest gi� of genetics and genomics to medicine may be in the ability 
to identify new drug targets and develop new approaches to treatment. Iden-
ti�cation of genes that contribute to common disorders is revealing the cellular 
mechanisms that lead to disease. �is knowledge o�ers the opportunity to 
develop new pharmaceutical agents that would target the physiologic mecha-
nisms more precisely, leading to drugs that work be�er and cause fewer side 
e�ects. New approaches to gene replacement or insertion of genes into cells 
as localized drug delivery systems also may be developed. �e treatment of 
common disorders likely would entail the use of approaches developed as a 
result of genomics even in cases in which genetic testing is not used to predict 
individuals who are at risk.

  CONCLUSION
Most physicians in practice today trained before the elucidation of the 
sequence of the human genome. Nevertheless, physicians will be increasingly 

 GENETIC RISK ASSESSMENT
�e goal of genetic risk assessment is the identi�cation of individuals at risk 
for disease before the onset of signs or symptoms (Fig. 35-1). In principle, 
the genetic factors could be identi�ed at birth, or any time in life, by testing 
a DNA sample. Any individuals found to be at risk might be o�ered treatment 
in advance of onset of the disease to avoid complications or might be advised 
to modify their lifestyle to avoid exposure to environmental factors that might 
increase risk for disease.

Although the concept of genomic risk assessment would appear to be an 
a�ractive paradigm, many questions may be raised about its practicality and 
implementation. First, predictive testing is useful only insofar as it guides 
further management. �e utility of interventions may be valued di�erently 
by di�erent people. �is already has been the case for testing of disorders 
such as breast cancer. Some women at risk choose not to know their BRCA 
status because the options, including surveillance or prophylactic surgery, are 
unacceptable to them. If there were a low-cost, safe, and e�ective treatment 
that would neutralize any risk the decision to test would be simple, but short 
of that, there are reasonable arguments on both sides of the issue of whether 
to test. For many disorders, it will take a long time to show the e�cacy of any 
intervention because there may be a period of many years between the test 
and the onset of a disorder. Unless surrogate markers can be identi�ed and 
followed, the task of proving a bene�t to predictive testing may require years 
to decades in some instances.

 Predictive Value of Genetic Testing
A second issue surrounds the degree to which genetic testing would be 
predictive. In patients with suspected genetic conditions, whole exome 
sequencing currently can make a diagnosis in about 25% of cases. Most 
genetic tests, however, are likely to involve detection of relatively common 
polymorphic alleles that account for small increments of odds of ge�ing a 
disease. �e predictive value of these tests would be modest, perhaps too 
low to induce an individual to modify behavior or to take medication. Mis-
classi�cation of benign variants as pathogenic can also be a problem unless 
the genomes of su�ciently diverse asymptomatic controls are available for  
comparison. Recent progress in developing polygenic risk scores for some 
common disorders may lead to improved ability to identify individuals at 
high risk.12

 Social and Ethical Issues
A third concern relates to social and ethical issues. Will people use test results 
as an excuse to pursue self-destructive behaviors, having received what may 
be false reassurance of �immunity�? Will people misinterpret results of testing 
in terms of a simplistic notion of genetic determinism, erroneously believing 
that their futures have been wri�en, leaving them no recourse but to meet 
their fate? �e rapid pace of technologic change is going to challenge the 
ability of the social and legal systems to keep pace.

 Direct-to-Consumer Genomic Testing
As the costs of genomic analysis have gone down, some companies have o�ered 
genomic testing marketed directly to consumers. Although tests that addressed 

TABLE 35�3	 GENES IN WHICH COMMON POLYMORPHISMS 
AFFECT RATES OF DRUG METABOLISM OR 
ACTION

GENE MEDICATIONS (EXAMPLES)
CYP2C9 Phenytoin, warfarin
CYP2D6 Debrisoquin, �-blockers, antidepressants
VKORC1 Warfarin
UGT1A1 Irinotecan
�iopurine methyltransferase Mercaptopurine, azathioprine
N-acetyltransferase Isoniazid, hydralazine
CYP2C19 Clopidogrel

Disease

Presymptomatic

Prenatal Genetic liability

Environmental
factors

FIGURE 35�1.  Multifactorial etiology of disease. An individual is born with a genetic 
liability but remains in a presymptomatic state for some time until additional events 
occur, including exposure to environmental factors, that result in crossing a threshold 
that is identi�ed as disease. In instances of high-penetrance monogenic disorders, the 
genetic liability may be overwhelming. In other instances, genetic factors may contribute 
only slightly to disease risk. 



incorporating genomic medicine into their day-to-day practice in the coming 
years. Whether they are providing care for a patient with a rare genetic disorder 
or for a patient with a common condition not usually regarded as genetic, 
management choices will be informed by tests and treatments that in some 
way are based on genomic information.
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3.	 A woman requests genetic testing for risk for breast cancer. Which of the 
following would constitute a risk factor for familial breast and ovarian 
cancer?
	A.	 History of tobacco use
	B.	 Sister with breast cancer diagnosed at 40 years of age
	C.	 Mother with ovarian cancer diagnosed at 80 years of age
	D.	 Father with history of lung cancer
	E.	 Maternal uncle with colon cancer

Answer: B  A �rst-degree relative with early-onset breast cancer would con-
stitute a risk factor for hereditary breast and ovarian cancer. (See Role of the 
Nonspecialist.)

4.	 A 40-year-old patient with Marfan syndrome seeks advice regarding medical 
surveillance. Which of the following represents the greatest health risk that 
may be subject to medical intervention?
	A.	 Dislocation of joints
	B.	 Dislocation of lens
	C.	 Aortic root dilation
	D.	 Cardiomyopathy
	E.	 Skin laceration

Answer: C  Aortic root dilation and risk for aortic dissection are the most 
important life-threatening risks for individuals with Marfan syndrome and 
are subject to monitoring and intervention. (See Role of the Nonspecialist.)

REVIEW QUESTIONS
1.	 A couple have a child with autism spectrum disorder in whom chromosomal 

analysis has been done and was normal. Which of the following is recom-
mended to search for a possible genetic cause?
	A.	 Cytogenomic microarray testing
	B.	 Fluorescence in situ hybridization
	C.	 High-resolution chromosome banding
	D.	 Whole exome sequencing
	E.	 Whole genome sequencing

Answer: A  Cytogenomic microarray testing now can detect small copy-number 
changes (deletions or duplications) that would not be detected by standard 
cytogenetic analysis, including high-resolution banding. (See Genetic Testing.)

2.	 A man has a direct-to-consumer genomic test and is found to have a 1.2 
increased odds of type 2 diabetes. �e basis for this testing is which of the 
following?
	A.	 Sequencing a gene known to be involved in type 2 diabetes
	B.	 Single-nucleotide polymorphism variant genotyping
	C.	 Analysis of RNA sequences in a saliva sample
	D.	 Whole exome sequencing
	E.	 Whole genome sequencing

Answer: B  Direct-to-consumer genomic testing is currently based on geno-
typing of a large number of single nucleotide polymorphism variants. (See 
Population Studies.)
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ABSTRACT
Genomics describes a broad and rapidly changing suite of technologies that 
use high-throughput assays to globally assess the molecular basis of heritable 
disease. Genomics is changing the practice of medicine today, and clinicians 
are likely to have sequenced patients in their practice. �ey will want to know 
how to use these data to improve the health of their patients. �is chapter 
reviews the fundamentals of gene and genome structure and the myriad types 
of genomic variation and how those variations are correlated with inherited 
pa�erns of disease. �e chapter also touches on how to approach genetic 
testing reports and thoughts on how clinicians can embrace genetic and genomic 
testing as a routine part of medical practice.
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trait�from parent to child. �ere is a nuance in dominant inheritance�
formally a trait is called autosomal dominant only when the phenotype of the 
heterozygote is the same as the homozygous variant (see Fig. 36-2A). It turns 
out this is true for very few human disorders, Huntington disease being one. 
For other dominant traits, the phenotype of the heterozygote is intermediate 
in severity between that of the two homozygous states (normal and variant) 
(Fig. 36-2B). �e classic example is familial hypercholesterolemia where the 
heterozygote phenotype has moderate hypercholesterolemia (LDL-C levels 
350 to 550 mg/dL) whereas the homozygous (or compound heterozygous) 
variant phenotype is much more severe (LDL-C levels �600 mg/dL). �e 
formal term for this is semidominant (or incompletely dominant). In humans, 
most pathogenic variants of this type are su�ciently rare that there are very 
few matings where both parents are heterozygous for pathogenic variants in 
the same gene, and so this is not commonly observed. In common usage, all 
human traits that follow either the �true� autosomal dominant or the semi-
dominant pa�erns are called autosomal dominant. One �nal type of dominant 

either homozygous normal (both normal), homozygous variant (both variant), 
heterozygous (one of each), or compound heterozygous (two di�erent, but 
both variant). In males, for genes on the X chromosome, these are either 
hemizygous normal or hemizygous variant, to denote the fact that they only 
have one X chromosome. �e Y chromosome has some genes on it that are 
alleles of genes on the X, which are termed the pseudoautosomal genes of X 
and Y. �ese genes have genotypes like autosomal genotypes, homozygous 
normal, homozygous variant, heterozygous, or compound heterozygous.

Autosomal dominant inheritance is the pa�ern that results from a disorder 
where the gene is located on an autosome (i.e., not a sex chromosome) and 
the phenotype of the heterozygote and the homozygous variant (or compound 
heterozygous) genotypes is abnormal (Fig. 36-2A). �e heterozygous genotype 
is much more common than homozygous mutant, and if a parent is hetero-
zygous, the variant is present in only one of the two alleles, and there is a 50% 
chance of transmission to each o�spring. When analyzing a pedigree, autosomal 
dominant inheritance can be recognized by the vertical transmission of the 
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FIGURE 36�2.  Modes of inheritance. In the classical mendelian modes of inheritance, the inheritance pattern that is observed in families is determined by the biological e�ects of 
the variants in the gene. In autosomal dominant (A), the pattern re�ects the fact that the abnormal variant allele causes a phenotype when only one copy is present and it overrides 
the normal allele. Two copies of the variant cause the same severity as one. In semidominant (B), the e�ects of the abnormal variants are additive�so two copies of the variant are 
more severe than one. In autosomal recessive, (C) one copy of the abnormal variant causes little or no abnormality, and so only individuals with two variant alleles have the disorder. 
The sex-linked inheritance patterns (D, E) parallel the same ideas as for the autosomal patterns, with the caveat that males only have one copy of the gene, and thus have fewer com-
binations of alleles. Symbols: squares � male; circles � female; black symbol � a�ected individual; circles with dot in center � carrier; white symbol � una�ected individual; black triangle 
crossed out � terminated pregnancy. 
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fact essentially all humans have two copies of such genes. As well, it is incor-
rect to say that colon cancer is �caused by the Lynch syndrome gene.� Genes 
do not cause disease�they �cause� normal physiology and health.

NON�MENDELIAN INHERITANCE
Genetic disorders can present with multiple occurrences in a family (multiplex) 
or as a single occurrence (simplex). Simplex occurrence disease can develop 
through a de novo (new) mutation that in subsequent generations assumes 
a classic mendelian pa�ern of inheritance. However, simplex occurrence disease 
might also be due to nonmendelian inheritance such as genomic imprinting, 
uniparental disomy, digenic inheritance, mosaicism, and mitochondrial DNA 
variants.

Genomic Imprinting
Some genes become di�erently activated (usually by methylation) a�er passing 
through spermatogenesis compared with oogenesis, or vice versa. �is gene 
can be silenced (imprinted) depending on which parent contributed the gene 
originally.4 �is parent-of-origin e�ect is seen for the UBE3A gene, which is 
imprinted during spermatogenesis so that the only active copy comes from 
the mother; if the active maternal copy is deleted, mutated, or inactivated, 
the a�ected o�spring have Angelman syndrome.

Uniparental Disomy
Very rarely, a chromosomal pair may be inherited from only one parent. �is 
distortion from biparental inheritance, termed uniparental disomy, is associ-
ated with older maternal age. It can be clinically signi�cant if the uniparental 
chromosomes contain one or more imprinted genes or a pathogenic variant 
that typically manifests as an autosomal recessive inheritance pa�ern. If both 
homologues are inherited from one parent, the phenomenon is called het-
erodisomy; if both homologues come from only one of the parental homo-
logues, it is called isodisomy. �e most frequent origin of uniparental disomy 
is trisomy rescue, in which an early postzygotic embryo is trisomic because 
of chromosomal nondisjunction during meiosis, and the extra chromosome 
is later lost during development to restore disomy. Because such an event is 
random, the disomic chromosomes remaining a�er trisomy-to-disomy rescue 
will represent uniparental disomy in one third of embryos.

Digenic Inheritance
A variant in one gene can a�ect the phenotype caused by variants in another 
gene. In some diseases, pathogenic variants occur in single alleles of two dif-
ferent genes, while the other alleles at each given locus remain normal. �is 
double heterozygous phenomenon of two interacting genes, which is termed 
digenic inheritance,5 has been observed for ROM1 and RDS for retinitis pig-
mentosa and GJB6 and GJB2 for deafness. �is phenomenon can be considered 
as a special case of a modi�er where the e�ect of the two variants is about 
equal. �e general case is where variants in two or more genes interact to 
a�ect the phenotype, most o�en in an unequal manner. �e major e�ect 
variant can be considered the primary disease-associated variant and the lesser 
e�ect variants are termed modi�ers. Variants of any of the above molecular 
types can have subtle or occasionally major e�ects on a phenotype. Because 
there can be multiple modi�ers of varying e�ect on the main phenotype, it 
would be expected that there is an enormous spectrum of such variation. 
Terms such as oligogenic inheritance or triallelic inheritance describe a few such 
divisions of that spectrum, but it is best considered as a spectrum of in�uence 
of multiple genes upon one another.

Mosaicism
Another distortion from mendelian inheritance can be caused by mosaicism.6 
A parent can harbor two or more cell lines in the gonads (germline mosaicism) 
or in somatic cells. �e level of mosaicism in the somatic cells may be low 
enough or limited to noncritical tissues or organs such that the parent appears 
una�ected, or they may be a�ected in a patchy pa�ern (Fig. 36-3). Some 
mosaic disorders can manifest patchy pigmentary abnormalities that follow 
the lines of Blaschko. Mosaicism should be suspected when two or more 
children of healthy parents develop a disease that is typically inherited in an 
autosomal dominant pa�ern.

Mitochondrial DNA Variants
Rarely, a disease trait is transmi�ed to both daughters and sons only from 
their mothers. In such situations, a mitochondrial disease should be considered 
due to variants in mitochondrial DNA (mtDNA).7 Multiple copies of mtDNA 
are present in the cell cytoplasm and are inherited by progeny only via the 

inheritance is codominant, best known as the inheritance pa�ern of the ABO 
blood type system, where both alleles are expressed independently, and neither 
dominates the other.

Autosomal recessive inheritance is the pa�ern that results from variants 
where the phenotype of the heterozygote is indistinguishable from that of the 
normal homozygote (Fig. 36-2C). In other words, heterozygotes, or carriers, 
are una�ected. �is is the main distinction of recessive from dominant. In 
autosomal recessive inheritance, an a�ected individual has two pathogenic 
variants at a single locus. �ese variants can either be the same (homozygous) 
or distinct (compound heterozygous). Typically, both pathogenic variants are 
inherited, one each, from an una�ected parent. Because there is a 1 in 2 chance 
of transmission of the pathogenic variant from each parent, there is a 1 in 4 
chance that an o�spring will inherit the pathogenic variants from both parents 
(1

2
1

2� ). Autosomal recessive inheritance is observed as horizontal occurrence 
of the trait�that is, multiple a�ected siblings, but no parent-to-child transmis-
sion. Occasionally heterozygotes may manifest a mild phenotype, which is 
indeed the same situation described above for what was termed semidominant 
inheritance. However, if the heterozygous phenotype is very mild or only 
detectable with sophisticated and sensitive phenotyping, the trait is considered 
to have an autosomal recessive inheritance pa�ern.

In sex-linked inheritance male-to-male transmission is not observed because 
if a father is a�ected, he is hemizygous for the pathogenic variant on his X 
chromosome; he can either transmit his X chromosome with the pathogenic 
variant (in which case the o�spring must be female) or he can transmit his Y 
chromosome, which cannot have the pathogenic variant (in which case the 
o�spring is male). All daughters of a�ected fathers are therefore heterozygotes 
for the pathogenic variant. �e phenotypic correlation of sex-linked inherited 
disorders is complicated by X-inactivation. �is X-inactivation process provides 
a degree of similarity in gene expression between the sexes�males only have 
one X chromosome, so gene dosage is 1.0. �e X-inactivation process balances 
expression between males and females by randomly silencing the expression 
of most genes on X on one of the two chromosomes, leading to a functional 
gene dosage of 1.0.

Taking X-inactivation into account and the various combinations of geno-
type and phenotype that can manifest in sex-linked disorders, there are two 
classical pa�erns. �e sex-linked recessive inheritance pa�ern (Fig. 36-2D) is 
typically associated with a partial loss of function allele, which reduces, but 
does not abrogate gene function and is not cell-lethal. �is inheritance pa�ern 
typically only manifests in a�ected males. Female heterozygotes, having one 
normal allele of the gene, are una�ected because 50% dosage is su�cient for 
normal function. �is assumes random X-chromosome inactivation. However, 
a female can manifest the phenotype of what is typically a sex-linked reces-
sive inheritance if the inactivation of the X chromosome is incomplete or 
skewed, if she has only one X chromosome (Turner syndrome), or if there is 
translocation between the X chromosome and an autosome (X gene mate-
rial on the autosome is not inactivated). In sex-linked recessive inheritance, 
heterozygous females have a 1 in 2 probability that each male o�spring is 
a�ected and a 1 in 2 probability that each female o�spring is a heterozygous 
carrier. If the disorder is such that a�ected males can reproduce, all of their 
male o�spring are una�ected, and all their female o�spring are heterozygous 
carriers. �e classical description of sex-linked dominant inheritance (Fig. 
36-2E) is typically associated with more severe alleles, which are cell-lethal. �is 
leads to nonviability of the male embryos, and thus the pathogenic variant can 
never be transmi�ed from a male. Female heterozygotes are a�ected and have  
a 1 in 2 chance that each female o�spring will also be a�ected, but there is a 
1 in 2 chance a male will receive the variant, and all a�ected males die early  
in development.

Formally, the terms autosomal dominant, autosomal recessive, and sex-linked 
describe inheritance pa�erns, not genes, diseases, alleles, or variants. Although 
this may seem arcane, it is important because the inheritance pa�ern descriptor 
can be confused with the descriptor for the cellular basis of the disease. �is is 
most obvious for cancer susceptibility traits caused by variants in tumor sup-
pressor genes. �e inheritance pa�ern of the clinical trait, which is increased 
susceptibility to cancer, is autosomal dominant. Biologically, however, such 
disorders are o�en described as cellular recessives, because the phenotype 
of cancer only manifests following a secondary, somatic variant in the gene, 
causing the cells to be homozygous or compound heterozygous for variants 
in the gene. As well, it is best to associate disease or abnormal phenotypes 
to pathogenic variants in the gene, not to the gene itself. In this respect, one 
should describe a patient as �having a pathogenic variant in a Lynch syndrome 
gene,� instead of saying the person �has the Lynch syndrome gene.� It is also 
nonsensical to say that a patient �has the Lynch syndrome gene� because in 
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recombination, or repair. �e causes can include viruses, radiation, chemical 
mutagens, or transposons. A variant is a state of the genome such that one or 
more nucleotides di�ers from the reference sequence. At �rst this may seem 
arbitrary and unsatisfying�it seems to be dodging the issue of whether a variant 
is normal or abnormal, disease-associated or benign. But there is utility and 
merit to this approach because it is not so simple that at a given position an 
adenine is normal and a cytosine, guanine, or thymine is abnormal. Genetic 
variation can be complex and subtle, so the new formulation is simply to de�ne 
a reference sequence that is typical but not necessarily normal or abnormal. 
Because it is based on sequences from actual human beings, it can be a mix 
of both. �en one simply describes a variant as being di�erent from, or the 
same as, the reference.

Genomic variants can be inherited from a parent (hereditary, constitutional, 
or germline variants) (see Fig. 36-3) and be present in every cell, or variants 
can be acquired in only some tissues during development or any time during 
life (somatic or mosaic variants) (see Fig. 36-3).

SINGLE NUCLEOTIDE VARIANTS AND OTHER SMALL VARIANTS
SNVs are de�ned as a change of one nucleotide at a given position. Nonsyn-
onymous variants can (1) change a single amino acid (missense); (2) alter 
the reading, thereby altering the downstream protein structure (frameshi�); 
(3) introduce a stop codon (premature termination codon) that prematurely 
truncates the protein (nonsense); or (4) abolish the speci�c site at which the 
intron is spliced when precursor mRNA is processed into mature mRNA 

oocytes. Clinical symptoms and signs typically originate in the most energy-
dependent tissues (e.g., eyes, brain, skeletal muscle, and heart). �e phenotypic 
expression varies among family members and depends mainly on the propor-
tion of cytoplasmic mtDNA that carries the variant (i.e., heteroplasmy).

  GENOMIC VARIATION IN HUMANS
Variation in the genome is the fundamental biologic basis of all heritable traits 
and diseases. �is spectrum of genomic variation runs the gamut from one 
base pair (a single nucleotide variant [SNV]) to 3 � 109 base pairs (triploidy), 
and everything in between. �e categories of genomic variation that are 
described below represent slices of that spectrum of variation and are handy 
categorical clusters of this variation (much as red, orange, yellow, green, cyan, 
blue, and violet are useful but arbitrary slices of the continuous, visible elec-
tromagnetic spectrum). Another dimension of the broad and continuous 
spectrum of genomic variation is the relationship of this variation to health 
and disease. A given SNV can be so devastating that it is 100% lethal early in 
embryonic development. On the other extreme, each of us has over a million 
SNVs that have no known biologic consequences.

Mutation and Variants
�is terminology has recently been revised and is now simpler and clearer. 
�e process of changing a genome from one state to another is termed a muta-
tion; mutation is a process, not a state. Mutation is de�ned as the process of a 
change in nucleotide sequence owing to intrinsic errors of DNA replication, 

A B C

D
FIGURE 36�3.  Types of mosaicism. Mosaicism is categorized into germline and somatic. A given individual can harbor a mosaic variant in one of two general categories of cells: 
germline or nongermline (somatic) cells. Thus an individual can harbor in either (A or B) or both (C) of these compartments. How mosaicism is generated is illustrated in D. After fertil-
ization, in a multicellular embryo, one cell undergoes a mutation and all of the cells that derive from that cell harbor the variant. (From Spinner N, Biesecker LG. Mosaicism in human 
disease. Nat Rev Genet. 2013;14:307-320.)
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and distinct phenotypes (e.g., ovarian failure in females and late onset neu-
rologic disorders in males with pre-mutations in the fragile X syndrome FMR1 
gene). �e number of repeats tends to expand in subsequent generations, a 
phenomenon termed anticipation.

REPETITIVE ELEMENTS
�e other group of variable elements is represented by retrotransposons, which 
are long and short interspersed nuclear elements (LINEs and SINEs). �e 
most common Alu and L1 elements cause insertional mutagenic activity and 
genomic instability because of their proclivity to move around the genome. 
Although their positioning within the genome can vary substantially, relatively 
few pathogenic variants are a�ributable to them. However, because these 
repetitive elements comprise a large fraction of our genomes, they are impor-
tant to recognize when they occur.

STRUCTURAL VARIANTS AND COPY NUMBER VARIANTS
It has long been recognized that genomes can have large-scale variation in the 
amount of DNA or the arrangement of DNA, as delineated by microscopic 
chromosome analysis. Recent technologic advances (Chapter 37) have mas-
sively improved our ability to identify and characterize these variations. High-
resolution analysis of human genome sequences has identi�ed both moderate 
scale and higher order architectural features, with a potential to cause genomic 
instability and extensive submicroscopic structural variations. Copy number 
variant (CNV) is the term used to describe a larger scale gain or loss of DNA 
from a chromosome, as compared to an insertion, deletion, or indel, as described 
above. Again, all of these categories are arbitrarily de�ned, and some of these 
categories more re�ect how they are detected rather than a biologically based 
categorization. Each individual has on average about 1000 CNVs, with sizes 
ranging from 500 bp to 1.2 Mb (million base pairs). �ese structural variations 
consist of CNV gains or losses, including deletions, insertions, duplications, 
and triplications, as well as balanced rearrangements such as genomic inver-
sions and balanced translocations. Smaller CNVs (�1 kb, kilobase pair) and 
indels (insertion or deletion of bases �100 bp) are more frequent than larger 
rearrangements, because they are biologically be�er tolerated. �e number 
of CNVs is far smaller than the number of SNVs, but if one counts the base 
pairs that are abnormal, there are more base pairs in CNVs than in SNVs in 
any given individual.

CNVs are associated with mendelian diseases, nonmendelian traits (e.g., 
complex diseases), and common traits (including neurobehavioral traits),9 
but they also can be benign. CNVs can cause disorders by disrupting the 
structure of the gene or by changing the copy-number of dosage-sensitive 
genes. However, CNVs that involve nongenic sequences and leave a gene 
intact also can have long-range e�ects. �e Toronto Database of Genomic 
Variants (h�p://projects.tcag.ca/variation) summarizes CNVs, and many 
clinically relevant CNVs are also included in the Database of Chromosomal 
Imbalance and Phenotype in Humans using Ensembl Resources (DECIPHER) 
(h�ps://decipher.sanger.ac.uk/information).

�ere are two main classes of CNVs.10 Recurrent rearrangements (deletions, 
duplications, or inversions) are caused by nonallelic homologous recombina-
tion between low-copy repeats. �e �xed position of these low-copy repeats 
or segmental duplications result in recurrent rearrangements of a common 
size for a given region in the human genome. Nonallelic homologous recom-
bination between low-copy repeats leads to deletions or reciprocal duplications 
of the genomic region located between them, whereas nonallelic homologous 
recombination between oppositely oriented, low-copy repeats results in an 
inversion of the intervening genomic segment. In contrast, most nonrecurrent 
CNVs probably are caused by nonhomologous recombination mechanisms, 
and microhomology is o�en seen at the breakpoints. �e remainder of non-
recurrent heterogeneously sized rearrangements probably result from a non-
homologous end-joining mechanism. One prominent mechanism, particularly 
for complex rearrangements is the microhomology-mediated break-induced 
replication mechanism.

CHROMOSOMAL ABERRATIONS
Chromosomal aberrations are the class of genomic variation that causes the 
greatest perturbation of DNA. Chromosomal aberrations, which can be divided 
into numerical and structural aberrations, occur in about 1 in 160 live births.

Most numerical chromosome aberrations are lethal. Numerical aberrations 
are classi�ed as either polyploidy (number of chromosomes are in multiples 
of the haploid set of 23 chromosomes) or aneuploidy (with extra or missing 
chromosomes not in multiples of the haploid set). A normal female chromosome 

(splice site). Most mRNAs with nonsense variants are inactivated and removed 
from cells by a surveillance mechanism called nonsense mediated decay, which 
is initiated by a premature termination codon in any exon�except the last 
and a 50- to 55-bp portion of the second-to-last (i.e., penultimate) exon, which 
usually escape nonsense mediated decay. Transition variants refer to changes 
from pyrimidine to pyrimidine (e.g., cytosine to thymine) or purine to purine 
(e.g., adenine to guanine) bases and are more frequent than transversions, 
which are exchanges from purine to pyrimidine (e.g., adenine to cytosine) or 
pyrimidine to purine (e.g., thymine to guanine) bases. �e most common 
transition, cytosine to thymine, which is about 10-fold more common than 
other base changes, occurs in the methylated CpG dinucleotide (a cytosine-
guanine sequence) because methylated cytosine can be deaminated and con-
verted to thymine.

Any two unrelated humans di�er on average by about 3.5 million SNVs 
(�0.1% of the 3 billion bp reference haploid genome). Although most of these 
SNVs lie outside of the exons, an average of about 20,000 SNVs occur in 
coding regions. Among these SNVs, about 7,000 to 10,000 are nonsynonymous 
(i.e., the encoded amino acid changes). However, SNVs outside of the protein-
coding regions also can have phenotypic e�ects by modifying gene regulation, 
by altering the binding sites for transcription factors, by generating splicing 
variants, or by a�ecting noncoding RNAs. �e former term, SNP or single 
nucleotide polymorphism, was initially de�ned as a DNA variation that is 
present in more than 1% of the population, but this term is now discouraged 
because �polymorphism� carried a �benign� connotation, which is clearly false 
for a substantial number of SNPs.

Variants can be divided into substitutions, insertions, and deletions. If 
a variant in a protein-coding sequence changes the protein structure, it is 
termed nonsynonymous, whereas variants that do not change proteins are 
termed synonymous. Synonymous variants can still have functional conse-
quences; for example, they may generate a cryptic splice site, an exon splice 
enhancer, or a�ect regulatory elements. A set of consecutive SNVs (or other 
variants) that lie on a single chromosome is de�ned as a haplotype. A non-
random association of markers in a population not interrupted by meiotic 
recombination (crossing over) is described as linkage disequilibrium. Linkage 
disequilibrium exempli�es the exception to Mendel�s second law. More than 
100,000 SNVs have been shown to cause mendelian disorders. Many of 
these are cataloged in locus-speci�c databases (h�p://www.hgvs.org/locus 
-speci�c-mutation-databases), the Human Gene Mutation Database (h�p://
www.hgmd.cf.ac.uk/ac/index.php), and ClinVar (h�ps://www.ncbi.nlm.nih.gov/ 
clinvar/)

DELETIONS, INSERTIONS, AND INDELS
�ese variations are less common than SNVs. �ey comprise small nucleotide 
alterations including deletions of one to a moderate number of nucleotides, 
insertions of one or a moderate number of nucleotides (which may be a dupli-
cation of adjacent DNA or nucleotides from elsewhere in the genome), and 
variants that comprise both a deletion of one or more nucleotides and an 
insertion of one or more nucleotides. Many of these variants are catalogued 
in the same databases as described above for SNVs.

TANDEM REPEATS
Variable number of tandem repeats (called minisatellites) and short tandem 
repeats (e.g., dinucleotides, trinucleotides, and tetranucleotides�[GT]n, 
[CAA]n, or GATA]n�called microsatellites) are highly polymorphic repeats 
that can have a wide range of copy numbers of their repeating subunits.8 �e 
number of such markers can be used to derive a unique pa�ern of marker 
genotypes for each human individual, as is used in identi�cation for criminal 
forensic and paternity analysis (h�ps://www.�i.gov/services/laboratory/
biometric-analysis/codis).

Unstable mutations are termed dynamic. Pathogenic dynamic expansion 
of trinucleotide, tetranucleotide, and pentanucleotide repeat sequences can 
cause disease whether located in coding regions (e.g., CAG triplet in Hun-
tington disease) or noncoding introns (e.g., GAA in Friedreich ataxia) or 
untranslated 5� (e.g., CGG in fragile X syndrome) or 3� (e.g., CTG in myotonic 
dystrophy) regions. �ese variants can cause inherited autosomal dominant 
(e.g., myotonic dystrophy), autosomal recessive (e.g., Friedreich ataxia), or 
sex-linked pa�ern (e.g., fragile X syndrome) phenotypes owing to a gain or 
loss of function of the encoded protein. Each unstable repeat disease has a 
speci�c repeat number limit, above which the phenotypic disease occurs. 
Repeats above normal but below the disease threshold are called a premutation. 
Sometimes, however, pre-mutations are associated with a milder, later onset 
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is lost and leads to an abnormal phenotype. Isochromosomes develop when 
one part of the chromosome is duplicated and separated from the other. Iso-
chromosomes can be monocentric (breakpoint in the centromere) or dicentric 
and thus unstable unless one of the centromeres becomes inactivated (pseu-
doisodicentric). Rings are commonly unstable mitotically and o�en form 
double ring structures.

Mosaicism and Chimeras
Mosaicism is de�ned as the presence of two or more cell lines that originated 
from the same zygote with di�erent chromosome complements. A chimera 
is when the cells originated from di�erent zygotes, as is the case in an individual 
who receives a transplanted tissue. Mosaicism is common in a number of 
well-recognized disorders, such as sebhorrheic keratoses of the skin, caused 
by somatic variants in PIK3CA or FGFR3 and paroxysmal nocturnal hemo-
globinuria, associated with somatic variants in PIGA. Mosaicism is also the 
genomic basis of cancer�a clone of cells with extensive variants that originated 
from a normal cell in an individual.

  ASSAYING GENETIC VARIATION
Chromosomal aberrations longer than about 5 Mb can be detected by light 
microscopy (cytogenetics) a�er speci�c staining that generates a characteristic 
banding pa�ern (e.g., G-banded karyotype analysis). Submicroscopic rear-
rangements, such as microdeletions or microduplications (30 kb to 5 Mb), 
can be analyzed using �uorescence in situ hybridization (FISH).11 Overall, 
light microscopic techniques are declining in favor of molecular assays.

�e development of array-based comparative genomic hybridization 
(array CGH) or SNP-chip-based testing allows the entire human genome 
to be screened for imbalances, with the level of resolution depending only 
on the number, size, and distance between the arrayed interrogating probes. 
Millions of these oligonucleotide protein probes can be synthesized on one 
glass slide. Oligonucleotide probes are also used on SNP arrays, which, unlike 
microarray-based CGH, can generate association studies or detect uniparental 
disomies. �e widespread diagnostic use of array CGH and SNP-chips has not 
only increased the sensitivity for detecting diseases associated with CNVs but 
also has led to the discovery of many additional CNV-associated disorders. 
To detect genomic imbalances, an alternative is a quantitative polymerase 
chain reaction�based technique called multiplex ligation-dependent probe 
ampli�cation (MLPA). MLPA provides a simple, rapid, and sensitive method 
to detect dosage alterations in selected genomic regions.

Most recently, several next-generation sequencing (NGS) technologies 
enabled simultaneous and massively parallel DNA sequencing (Chapter 37). 
�ese technologies facilitate panel testing (simultaneous assay of multiple 
genes implicated in a particular phenotype), exome sequencing (the coding 
regions of the genome), and genome sequencing. NGS methods generate 
far larger quantities of data at less expense; however, the raw sequence data 
that are generated from individual ampli�ed DNA template sequences have 
shorter read lengths, which can be di�cult to map uniquely to the genome. 
�us, neither exome sequencing nor genome sequencing is truly �whole 
exome� or �whole genome.� Nevertheless, massively redundant sequencing 
of a diploid human genome (e.g., 30-fold coverage with respect to the haploid 
human reference genome sequence) can generate robust and accurate indi-
vidual genomic evaluation. �ese NGS technologies have led to an explo-
sion in gene discovery and an increasing understanding of the mechanistic 
bases of genetic disorders. Exome sequencing alone currently has about a 
25% yield for clinical diagnosis in patients with phenotypic syndromes of 
unknown cause�a signi�cant improvement over previously available testing  
modalities.

Recent advances and the relatively widespread use of array CGH, SNP-
chips, and NGS technologies have transformed our understanding and diagnosis 
of human disease (Chapter 37). As sequencing becomes less expensive and 
more available, our understanding of human evolution, disease, and treatment 
is advancing rapidly.

  GENETIC TEST REPORTS
Whereas gene changes used to be termed �polymorphism� if they were benign 
and �mutation� if they were disease- or trait-associated, these terms have been 
set aside. Instead, as noted above, a gene state di�erent from reference is 
termed a variant and the term variant is modi�ed by an adjective such as 
�benign,� �likely benign,� of �unknown signi�cance,� �likely pathogenic,� or 
�pathogenic.�12 Clinicians will increasingly encounter genetic test result reports 
with descriptors such as �likely pathogenic variant� or �benign variant� or 
�variant of unknown signi�cance.�

complement is 46,XX and male is 46,XY. Polyploidies such as triploidies 
(69,XXX, 69,XXY, and 69,XYY) are caused by abnormal fertilization of the 
egg by two sperms, whereas tetraploidies (92,XXYY or 92,XXXX) are caused 
by a failure in zygote division. Among viable chromosomal aneuploidies, the 
most common trisomies and monosomies involve chromosomes X, Y, 21, 18, 
and 13 and arise as a result of meiotic nondisjunctions. �ese aneuploidies 
are the most common because these four chromosomes have the smallest 
number of biallelically transcribed genes. Although these four aneuploidies 
are the most common in liveborn individuals, trisomy 16 is the most common 
human aneuploidy; however, because it has a large number of genes, it is 100% 
lethal in early development and therefore not seen clinically.

Aneuploidies of sex chromosomes, which are more common than autosomal 
aneuploidies, are found in 1 in 440 newborns. Monosomy X (45,X) in females 
causes Turner syndrome (Chapter 220), which occurs in one in every 4000 
female newborns. However, this observed birth rate represents only 1% of all 
45,X fetuses because more than 99% of such fetuses result in miscarriage. In 
most live patients, the 45,X cell line is a mosaic with another cell line that has 
either a normal karyotype or a structural rearrangement of the X chromosome 
(e.g., deletion of the short arm, ring chromosome, or isochromosome of the 
long or short arms). About one in every 1000 males is either 47,XXY Kline-
felter syndrome (Chapter 220) or 47,XYY (typically with at most phenotypic 
manifestations).

�e only autosomal trisomies compatible with life are Down syndrome 
(trisomy 21, 1 in every 670 newborns) (E-Fig. 36-1A), Edwards syndrome 
(trisomy 18, 1 in 7500 newborns), and Patau syndrome (trisomy 13, 1 in 
every 22,700 newborns). In contrast to trisomies, monosomies of all autosomes 
are lethal.

Incomplete supernumerary chromosomes, which are termed marker chro-
mosomes, usually originate from acrocentric autosomes (�50% from chromo-
some 15). �ey are found in 1 in 4000 newborns, and the severity of phenotypes 
varies substantially among di�erent chromosomes.

STRUCTURAL ABERRATIONS
Chromosomal deletions and duplications can be categorized as microscopi-
cally visible or submicroscopic, as terminal or interstitial, and as recurrent or 
nonrecurrent. Balanced reciprocal translocations, which result from an exchange 
of the DNA material between two chromosomes, are found in about 1 in 600 
individuals. During meiosis, the translocation chromosomes segregate and 
lead to the transmission of either balanced or unbalanced products to progeny. 
Unbalanced products o�en either cause spontaneous miscarriage or signi�cant 
clinical consequences. Up to 40% of apparently balanced translocations that 
are found in phenotypically abnormal patients are associated with additional 
imbalances at or near the translocation breakpoint or elsewhere in the genome. 
Translocations that involve short arms (or centromeres) of acrocentric chro-
mosomes are called Robertsonian translocations. Balanced Robertsonian 
translocations (45 chromosome complement) are thus the most common 
chromosome rearrangements in humans, present in 1 in 900 newborns. �e 
most frequent Robertsonian translocation, t(13;14), is found in 1 in 1300 
individuals. �e carriers of balanced Robertsonian translocations have a sig-
ni�cantly higher risk of progeny with unbalanced karyotype (e.g., trisomy 13) 
or uniparental disomy for chromosomes 14 and 15 that are known to contain 
imprinted genes. Constitutional non-Robertsonian chromosomal transloca-
tions are nonrecurrent, except for three recurrent translocations: t(11;22)
(q11.2;q23.3), t(4;8)(p16;p23), and t(4;11)(p16;p15.2), which are related 
by low-copy repeat gene clusters.

When a fragment of one chromosome is translocated internally into another 
chromosome�s arm, the aberration is termed an insertion or insertional trans-
location. Insertional translocations occur more than 100 times as o�en as was 
once thought. Carriers of balanced insertions have up to a 50% chance of 
abnormal progeny.

An inversion is de�ned as a chromosomal fragment that is reversed end to 
end. Inversions that include the centromere are termed pericentric, whereas 
inversions whose breakpoints map in the same chromosome arm are termed 
paracentric. �e acentric or dicentric products of paracentric inversions are 
unstable and not transmi�ed to progeny, but the products of pericentric inver-
sions (unbalanced terminal deletion of one chromosome arm accompanied 
by a terminal duplication of the second arm) o�en can be transmi�ed to 
progeny.

Other less common structural chromosomal abnormalities include isochro-
mosomes, ring chromosomes, complex chromosome rearrangements, and 
heterochromatin variants. Rings arise when two broken ends of the same 
chromosome fuse. Chromosomal material that is telomeric to the breakpoints 
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E�FIGURE 36�1.  Assaying copy-number variants (CNVs). Plots of array-based comparative genomic hybridization from patients with genomic rearrangements. Each �dot� on the plot 
represents an oligonucleotide that interrogates speci�c regions of the human genome from chromosome 1 (depicted on left) to the sex chromosomes depicted on the right). Gain of 
copy number is depicted in green, and loss of copy number is depicted in red. A, Patient with Down syndrome showing gain (three copies) of chromosome 21. B, Patient with congenital 
heart disease and velocardiofacial syndrome with a 3 Mb deletion of chromosome 22q11.2. C, Patient with autosomal dominant sensorimotor neuropathy (CMT1A) with a gain of copy 
number (duplication) on chromosome 17p12. D, Expanded view of the 17p12 duplication shown in C. E, Complex genomic rearrangement in a pediatric patient with epilepsy and 
hypotonia showing multiple breakpoints in a single chromosome. The rectangular boxes below the ideogram of the chromosome show copy number of genomic segments, and the 
numbers depict the size of the CNVs in Mb. del � Deletion; nml � normal; tri � triplication. 



Like all forms of medical testing, genetic test results are probabilistic. Some, 
like the �nding of nonmosaic trisomy 21, confer an extremely high likelihood 
(for all practical purposes, 100%) of phenotypic abnormality in the patient. 
Others, such as a novel premature termination codon in the BRCA1 heredi-
tary breast and ovarian cancer susceptibility gene may be reported as likely  
pathogenic.

Di�erent variants in one gene can cause the same (allelic heterogeneity) 
or distinct phenotypes (phenotypic heterogeneity). By contrast, the same 
abnormal clinical phenotype can be caused by variants in di�erent genes 
(genetic or locus heterogeneity).

Based on the functional consequences, variants can also be categorized by 
their consequences, as variants with loss-of-function or gain-of-function. �e 
former�also known as hypomorphic (partial loss) or amorphic (null) loss 
of function (complete loss)�a�ect the dosage-sensitive or haploinsu�cient 
genes, in which decreased protein production is insu�cient for normal func-
tion. Gain-of-function variants increase the function or add a new function 
for the protein (neomorphic), whereas dominant negative variants encode a 
protein that antagonistically interacts with the normal product of the other 
allele (antimorphic).

  GENOMICS AND GENETICS AS A NORMAL PART 
OF MEDICINE

Nongeneticists are sometimes intimidated or concerned about using genetic 
diagnostics in their practices, and there is some historical basis for this concern. 
Clinical genetics is associated with a tragic legacy of eugenics, the thoroughly 
discredited concept that our species should be �improved� by preventing the 
reproduction of individuals deemed to be genetically undesirable or un�t. 
Eugenics arose in Britain, was widely practiced in the United States, in some 
cases until the 1970s, but reached its catastrophic apogee in Germany during 
World War II. Clinical genetics and genomics practice in adult medicine has 
dramatically changed in this respect and has not only put aside eugenics, but it 
is arguably now dysgenic. �at is, the practice of genetics seeks to improve the 
health and lifespan of individuals with genetic disorders, theoretically increasing 
the frequency of pathogenic variants in the population because successfully 
treated individuals can live longer and reproduce. �e theoretical quali�er 
here is important because in the larger picture, this e�ect on the population 
is much smaller than that of the natural mutation rate. Reproductive genetics 
can still elicit concerns of eugenic tendencies. While there are no longer any 
overtly eugenic laws or medical practices, there are lingering concerns that 
the very availability of prenatal testing and selective termination coupled with 
social and economic pressures against disease and disability, comprise a subtle 
eugenic bias in reproductive medicine.

�e important takeaway from this history and sociology of genetics is that 
adult medicine practitioners seeking to improve the health of their patients 
should not hesitate to use genetic and genomic diagnosis and targeted thera-
peutics because of any lingering fears of the eugenic history of the �eld. In this 
respect, genetics is just like any other technologically advanced component of 
modern medicine and is therefore unexceptional within the broader �eld of 
medicine. It can have bioethical conundrums, which may be di�erent from those 
in other specialties, but they are not overall greater or more worrisome than 
those in other disciplines. Clinicians should ignore protestations that genetics 
and genomics is somehow exceptional from all other aspects of medicine, or 
something to be avoided or discouraged. A genetic or genomic test used to 
diagnose and treat an adult with cardiac disease is no di�erent from a catheter, 
an ultrasound, or a troponin level�another arrow in the modern biomedical 
quiver that has great potential to improve health and extend longevity.

  CONCLUSION
�e structure of the human genome is a�ected by ancient and ongoing muta-
tional processes, which lead to a broad and continuous spectrum of variation 
comprising SNVs, CNVs, and chromosomal aberrations. While the genome 
is overall stable, the continuous and regular occurrence of variants contributes 
to disease, and interindividual genetic variation is extensive. Understanding 
the full spectrum of this variation and its association with variation in the 
human phenotype, including disease, is the central challenge of the �eld of 
clinical genomics. �e e�ective use of genetic technologies is rapidly increas-
ing and has already a�ected all medical disciplines.
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ABSTRACT
Scienti�c advances in the genome sciences in the past decade have provided 
an opportunity to deliver health care in a distinctly patient-centered way. Pre-
cision medicine (PM) uses individual molecular information alongside highly 
speci�c clinical information about the composition of diseases to tailor pre-
vention and therapies. In 2003 the NHGRI announced its �rst successful 
a�empt to sequence a human genome. Fourteen years later genome sequencing 
projects were being carried out at scale both in the United States and across 
the globe. Genome-based technologies for measurement and assays of RNA, 
proteins, and metabolites are augmenting our ability for diagnosis and treat-
ment as well as changing our taxonomy of disease. Genetic variation associated 
with drug response, or pharmacogenomics, is allowing for more precise target-
ing of therapeutics to an individual�s genetic background to optimize the bene�t 
and reduce the risks associated with drug therapies. Despite progress and 
momentum in the discovery of genomic information with great potential to 
impact health care, there remain signi�cant challenges and barriers to the 
broad use of genomics in clinical practice. Four of these barriers are: (1) 
evidence generation, (2) implementation methods, (3) data ownership, sharing, 
and infrastructure, and (4) participant engagement and trust. Until these are 
addressed, PM may remain a futuristic concept rather than being fully inte-
grated into mainstream medicine.

KEYWORDS
precision medicine
precision health
genomics
pharmacogenomics
genomic medicine
implementation
policy
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targeting HER-2, was developed in 1998, which was shown to have increased 
e�cacy in patients whose tumors tested positive. HER-2 testing is now part 
of the standard work-up and management of breast cancer. In the past decade, 
other examples of cancer therapies with companion diagnostics emerged 
(h�ps://www.mycancergenome.org/). For example, EGFR mutation testing 
has markedly improved the e�cacy of ge�tinib and erlotinib, small molecule 
drugs for the treatment of non�small cell lung cancer that target EGFR. In 
metastatic colorectal cancer, tumors with mutated K�S are usually resistant 
to treatment with cetuximab and panitumumab, leading the American Society 
of Clinical Oncologists and the U.S. Food and Drug Administration (FDA) 
to recommend withholding the drugs in these patients. NGS now allows a 
comprehensive assessment of actionable tumor markers that indicate the 
potential for a speci�c therapeutic to have e�cacy in a given tumor (h�ps://
www.mycancergenome.org/). In 2011, two cancer drugs received accelerated 
approval by the FDA for use with a companion diagnostic test: crizotinib for 
the treatment of patients with locally advanced or metastatic non�small cell 
lung cancer with its companion diagnostic designed to detect the EML4-ALK 
fusion gene, and vemurafenib for the treatment of patients with metastatic or 
unresectable melanoma positive for B�F V600E mutations. �e International 
Cancer Genome Consortium (h�ps://www.icgc.org/icgc) and the Cancer 
Genome Atlas (h�p://cancergenome.nih.gov/) represent international col-
laborative e�orts to de�ne the spectrum of mutations found in tumors, mapping 
the genomic landscape of cancer. �ese e�orts will provide a foundation from 
which to develop additional therapeutic strategies against new targets; however, 
even when successful, the results may be short-lived as therapeutic resistance 
evolves. �us, although NGS is a promising new tool for surveying cancer 
genomes, it may not be a panacea for cancer genomic medicine.

 Microbial Sequencing for Infectious Disease Diagnosis
In infectious disease, diagnosis by NGS may supplant the need to �rst grow 
microorganisms in culture, previously a major impediment to pathogen iden-
ti�cation. For example, in 2003, sequencing of samples from infected patients 
with the severe acute respiratory syndrome (SARS) identi�ed the causative 
agent as a coronavirus. Comparison of sequences of multiple isolates of an 
organism from a single epidemic gives a picture of the organism�s evolution, 
allowing one to infer where the outbreak began and how the infection spread.9 
Sequencing has been used to determine the origins of historical outbreaks of 
cholera, tuberculosis, and the 2009 H1N1 in�uenza. �e clinical application 
of NGS to infectious disease was highlighted when the source of carbapenem-
resistant Klebsiella pneumoniae in a hospital outbreak was identi�ed by sequenc-
ing isolates of the bacteria�in real time�from infected individuals and 
examining the genetic di�erences.

  THE EXPRESSED GENOME
 Complex Multimarker Genomic Tests  
for Disease Diagnosis and Prognosis
Beyond DNA sequence, measures of gene expression, proteins, metabolites, 
and epigenetic changes are being used to generate comprehensive pro�les of 
biological systems in health and disease. Many of the computational chal-
lenges of analyzing these large, complex datasets are being addressed to yield 
next-generation biomarkers that are multianalyte, diagnostic, prognostic, 
and predictive. A growing number of marketed tests now typically measure 
protein or RNA levels, o�en with complex algorithms, enabling diagnosis and 
prognosis. One example is Oncotype Dx (Genomic Health, Inc.), a test that 
examines expression of 21 genes in tumor tissue to determine the likelihood 
of disease recurrence in women with early-stage hormone estrogen receptor�
positive breast cancer. �e test analyzes expression levels and converts them 
to a recurrence risk score, which has been shown to help guide treatment in 
patients, reduce overall health care costs, and improve outcomes and is cur-
rently covered by many major insurance companies. Other examples include 
MammaPrint (Agendia, Inc.), which analyzes the expression of 70 genes to 
determine whether patients are at high or low risk of breast cancer recurrence; 
Allomap (CareDx, Inc.), an 11 blood gene RNA signature for monitoring 
rejection following cardiac transplant; and Corus CAD (CardioDx, Inc.), a 23 
gene blood RNA signature to screen for obstructive coronary artery disease.

Despite their complexity, in vitro diagnostic multianalyte index assays 
(IVDMIAs) like these are �nding their way to the clinic. �e 2007 dra� guid-
ance from the U.S. FDA suggested that IVDMIAs are used to make critical 
health care decisions and thus should be regulated by the FDA. Some, but 
not all, of the marketed IVDMIAs have demonstrated analytical and clinical 
validity, but evidence of clinical utility is usually lagging. Moreover, the very 

�is is largely due to the sparsity of de�nitive diagnoses associated with a 
causal variant and the siloed databases in which these �ndings are located. 
With increasing e�orts to encourage data sharing and creating interoperable 
data stores, it is anticipated that de�nitive diagnoses from genomic data will 
become more common.6 �e American Colleges of Medical Genetics and 
Genomics currently de�nes 59 actionable variants in the human genome 
(h�ps://www.ncbi.nlm.nih.gov/clinvar/docs/acmg/) that, when found, should 
be discussed with the patients who harbor them.

 Risk Prediction for Common Complex Diseases
Despite strong statistical associations linking genetic variants with complex 
diseases in GWAS, the low relative risk of the disease allele (generally �2) 
limits their use for disease predisposition testing and risk assessment. �ere 
are notable exceptions including genetic variation underlying inherited breast 
cancer syndromes, Lynch syndrome, and familial hypercholesterolemia, where 
some variants have enabled preventive treatment or screening of family members 
as well as their consideration as part of population screening programs. Despite 
the advances in genetic testing, a simple family history continues to be among 
the best tools to identify risks for common diseases. In fact, for conditions 
with high heritability, such as cardiovascular disease, family history is a much 
stronger predictor of disease than any single or combination of genetic/genomic 
markers. One model suggests that neither family history nor genetic testing 
should be used as a standalone but that the real power for disease prediction, 
risk assessment, and di�erential diagnosis comes from their combined use.

 Clinical Sequencing for Rare Diseases and  
Diagnostic Dilemmas
More than 3500 mendelian disorders have a known molecular basis (h�p://
omim.org/). However, there are nearly as many suspected mendelian traits for 
which the molecular basis remains to be identi�ed. �e potential for clinical 
sequencing to �nd the underlying cause and identify treatment options for these 
rare, sometimes debilitating diseases has led to the formation of various large 
national and international rare disease consortia. In some specialized clinical 
centers and through programs such as the National Human Genome Research 
Institute�s Undiagnosed Diseases Program (h�p://www.genome.gov/27544402) 
clinical sequencing is being o�ered to patients with suspected genetic diseases, 
the so-called �diagnostic dilemmas.� Early results from these clinical sequenc-
ing programs suggest that the success rate of disease gene identi�cation is 
�33%, o�ering hope of a diagnosis to thousands of individuals with previously 
undiagnosed or untreated rare disorders.7

 Pharmacogenomics: Germline Genetic Variants and  
Drug Response
Over the past decade a plethora of genomic markers of e�cacy, adverse events, 
and dosing of therapeutics have been discovered and recommended for clinical 
use (see E-Table 37-1), but their uptake into clinical practice has been variable, 
despite their clear actionability. In some cases, such as with the HLA-B*5701 
genotype for the HIV drug abacavir and HLA-B*1502 for the antiseizure drug 
carbamazepine, carriers of these genotypes should avoid the drug entirely to 
eliminate a speci�c serious adverse event. In other cases, such as TPMT for 
mercaptopurine or CYP2C9/VKORC1 for warfarin, adjusting the dose of drug 
based on genotype can help to avoid toxicity and improve e�cacy. Actionability 
is not enough to ensure uptake of pharmacogenomics testing as exempli�ed 
with the anti-platelet drug clopidogrel, where despite having an FDA �black 
box warning� for e�cacy in individuals carrying the CYP2C19 genetic variant, 
there is o�en no clear consensus among physicians on its use. Genetic markers 
that predict reduced therapeutic e�cacy may face a high hurdle for established 
drugs, unless there is strong evidence of the test�s clinical validity and utility 
(see below).

 Cancer Pharmacogenomics: Somatic Sequencing of Tumor 
DNA for Targeting Drug Therapies
Cancer arises as a result of somatic DNA mutations that confer a growth 
advantage upon the cells in which they have occurred, giving rise to tumors. 
Comparison of the genetic pro�les of tumors and the surrounding normal 
tissue can reveal the acquired DNA variations that drive growth and that 
may reveal targets for treatment.8 �e idea of pairing medicines with speci�c 
tumor markers in a targeted fashion became a reality in the mid-1980s when 
detailed molecular studies of breast tumors led to the discovery of human 
epidermal growth factor receptor 2 (HER-2), a biomarker overexpressed in 
approximately 30% of breast tumors and associated with adverse outcomes. 
Subsequently, trastuzumab (Herceptin), a humanized monoclonal antibody 
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FIGURE 37�1.  Use of molecular technologies across the continuum from health to 
disease. Various molecular technologies may now be used to complement the traditional 
approach to evaluating health and disease across the lifespan. The red curve indicates 
the course of a chronic disease over time. The dashed line indicates when clinical symp-
toms are manifest. Overall the goal is to shift the detection and treatment paradigm to 
the left. (Adapted from Ginsburg GS, Willard H. eds., Genomic and Personalized Medicine. 
3rd ed: Academic Press; 2016.)

TABLE 37�1	 APPLICATION OF MOLECULAR DIAGNOSTICS ALONG THE CONTINUUM FROM HEALTH TO DISEASE

TIME POINT IN CLINICAL 
DECISION MAKING

CANCER CARDIOVASCULAR DISEASE
TEST INDICATION TEST INDICATION

Risk/susceptibility BRCA1, BRCA2
HNPCC
TP53, PTEN

Breast
Colon
Sarcomas

9p21
Familion 5-gene pro�le

CAD
LQTS

Screening HPV genotypes Cervical APOB, LDLR, LDL�P1, PCSK9 Familial Hypercholesterolemia
Diagnosis Cancer Origin

OVA1
Cancer of unknown primary
Ovarian mass malignancy

ABCC9, A�P9, ANK2, CACNA1C, 
CACNA2D1, CACNB2, CALM1, CALM2, 
CALM3, CASQ2, CAV3, DES, DSC2, 
DSG2, DSP, GPD1L, HCN4, JUP, KCND3, 
KCNE1, KCNE1L, KCNE2, KCNE3, 
KCNH2, KCNJ2, KCNJ5, KCNJ8, KCNQ1, 
LMNA, NKX2-5, PKP2, PLN, �NGRF, 
RYR2, SCN10A, SCN1B, SCN2B, SCN3B, 
SCN4B, SCN5A, SNTA1, TGFB3, 
TMEM43, TRDN, TRPM4, �N

TnI, BNP, CRP
CorusCAD

Long QT Syndrome

ACS
CAD

Prognosis Oncotype DX (21-gene assay)
MammaPrint (70-gene assay)
HER2/neu, ER, PR

Breast

Drug Response* BCR-ABL
EML4-ALK

Imatinib (CML)
Crizotinib (NSCL)

CYP2C19 Clopidogrel

Monitoring CTCs Tumor recurrence or progression AlloMap Transplant rejection
ACS � acute coronary syndromes; BNP � brain natriuretic peptide; CAD � coronary artery disease; CRP � C-reactive protein; CTCs � circulating tumor cells; ER � estrogen receptor; HPV � human 
papillomavirus; LQTS � long QT syndrome; PR � progesterone receptor; TnI � troponin I. (Data from Ginsburg GS, Willard H. eds., Genomic and Personalized Medicine. 3rd ed: Academic Press; 2016.)
*Additional drug-gene pairs can be found in E-Table 37-1.

expanding the number of genetic variants that have traditionally been detected 
in utero.

Prior to conception, carrier screening enables couples to assess their risk of 
having a child with a recessive mendelian disorder (Chapter 36) and use this 
information to guide their reproductive decisions. �ere are over 1000 rare, 
recessive mendelian disorders for which the underlying genetic mutation is 
known. �ough individually rare, these can have a sizable public health impact 
considering that each person is estimated to carry on average 2.8 mutations 
for known severe recessive disorders the impact of screening could be sizable 
in terms of reduced disease morbidity and mortality in the population.

 Sequencing: A Driver of Precision Medicine
Genome-wide association studies (GWAS) debuted in 2005 with the iden-
ti�cation of variants in the complement factor H gene as a cause of age-related 
macular degeneration, (h�ps://www.ebi.ac.uk/gwas/). Now the GWAS catalog 
contains over 3000 publications and over 50,000 unique SNP-trait associations 
from large cohorts of patients and controls across numerous diseases. GWAS 
has been a transformative approach to identifying common genetic variation 
across the entire human genome in an unbiased fashion, o�ering an unprec-
edented opportunity to uncover new biological pathways of disease. Yet the 
actual discovery of disease-causing variants and functional genomics of GWAS 
�ndings have been slow to mature. However, new gene editing technologies 
using Clustered Regularly Interspaced Short Palindromic Repeats (CRISPR) 
and Transcription Activator-Like E�ector Nucleases (TALEN) are changing 
the approach to de�ning the biology of genetic variants discovered by GWAS 
and sequencing.4

Since 2001, the cost of sequencing a human genome has dropped from 
more than $3 billion to under one thousand dollars. Next-generation sequenc-
ing (NGS) technology can now read approximately 150 billion bases in a day 
and allows direct measurement not just of common variants, but also theoreti-
cally of all variation in a genome. It is estimated that the population frequency 
of germline variants is approximately one in every 1000 of the 3.2 billion 
nucleotide positions, giving rise to approximately 3 million variants in a given 
human genome. �e challenge lies in �guring out the meaning of variants, 
many of which occur in noncoding regions of the genome whose function is 
largely unknown. �e signi�cance of the noncoding variants remains poorly 
understood; thus, the focus clinically has been on exome sequencing (which 
examines variation in the coding sequence), where mutations have predictable 
e�ects on downstream protein structure. Genome interpretation is a key 
bo�leneck in the ubiquitous application of sequencing to clinical medicine.5 

screening), in utero (prenatal diagnosis), or pre-conception (carrier testing). 
Newborn screening�mandatory, state-supported public health program meant 
to protect newborn children by screening them for rare, treatable (and thus 
preventable) disorders at birth�has been steadily increasing from an average 
of �ve conditions in 1995, to a panel of 34 core disorders currently recom-
mended by the U.S. Department of Health and Human Services.2 Rapid genome 
sequencing (�26 hours from test to result) has been reported and utilized to 
treat patients with undiagnosed and potentially fatal disorders in the neonatal 
intensive care unit.3 As the number of conditions considered for newborn 
screening will undoubtedly grow, rapid sequencing can potentially broaden 
and foreshorten di�erential diagnosis, resulting in fewer empirical treatments 
and faster progression to genetic and prognostic counseling and potentially 
ending the diagnostic odyssey for patients and their families.

Cell-free fetal DNA circulating in maternal blood was isolated, ampli�ed 
and sequenced noninvasively through a sample of maternal plasma in 1997. 
In 2008, next-generation sequencing (NGS) technologies were used success-
fully to identify fetal aneuploidy from cell-free fetal DNA in maternal plasma. 
Clinical trials of the new method rapidly followed, and by late 2011 NonIn-
vasive Prenatal Testing (NIPT) of trisomy 21 by sequencing of maternal plasma 
DNA was being o�ered on a clinical and commercial basis in the United 
States. NIPT eliminates the need for invasive procedures, while also greatly 
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targeting HER-2, was developed in 1998, which was shown to have increased 
e�cacy in patients whose tumors tested positive. HER-2 testing is now part 
of the standard work-up and management of breast cancer. In the past decade, 
other examples of cancer therapies with companion diagnostics emerged 
(h�ps://www.mycancergenome.org/). For example, EGFR mutation testing 
has markedly improved the e�cacy of ge�tinib and erlotinib, small molecule 
drugs for the treatment of non�small cell lung cancer that target EGFR. In 
metastatic colorectal cancer, tumors with mutated K�S are usually resistant 
to treatment with cetuximab and panitumumab, leading the American Society 
of Clinical Oncologists and the U.S. Food and Drug Administration (FDA) 
to recommend withholding the drugs in these patients. NGS now allows a 
comprehensive assessment of actionable tumor markers that indicate the 
potential for a speci�c therapeutic to have e�cacy in a given tumor (h�ps://
www.mycancergenome.org/). In 2011, two cancer drugs received accelerated 
approval by the FDA for use with a companion diagnostic test: crizotinib for 
the treatment of patients with locally advanced or metastatic non�small cell 
lung cancer with its companion diagnostic designed to detect the EML4-ALK 
fusion gene, and vemurafenib for the treatment of patients with metastatic or 
unresectable melanoma positive for B�F V600E mutations. �e International 
Cancer Genome Consortium (h�ps://www.icgc.org/icgc) and the Cancer 
Genome Atlas (h�p://cancergenome.nih.gov/) represent international col-
laborative e�orts to de�ne the spectrum of mutations found in tumors, mapping 
the genomic landscape of cancer. �ese e�orts will provide a foundation from 
which to develop additional therapeutic strategies against new targets; however, 
even when successful, the results may be short-lived as therapeutic resistance 
evolves. �us, although NGS is a promising new tool for surveying cancer 
genomes, it may not be a panacea for cancer genomic medicine.

 Microbial Sequencing for Infectious Disease Diagnosis
In infectious disease, diagnosis by NGS may supplant the need to �rst grow 
microorganisms in culture, previously a major impediment to pathogen iden-
ti�cation. For example, in 2003, sequencing of samples from infected patients 
with the severe acute respiratory syndrome (SARS) identi�ed the causative 
agent as a coronavirus. Comparison of sequences of multiple isolates of an 
organism from a single epidemic gives a picture of the organism�s evolution, 
allowing one to infer where the outbreak began and how the infection spread.9 
Sequencing has been used to determine the origins of historical outbreaks of 
cholera, tuberculosis, and the 2009 H1N1 in�uenza. �e clinical application 
of NGS to infectious disease was highlighted when the source of carbapenem-
resistant Klebsiella pneumoniae in a hospital outbreak was identi�ed by sequenc-
ing isolates of the bacteria�in real time�from infected individuals and 
examining the genetic di�erences.

  THE EXPRESSED GENOME
 Complex Multimarker Genomic Tests  
for Disease Diagnosis and Prognosis
Beyond DNA sequence, measures of gene expression, proteins, metabolites, 
and epigenetic changes are being used to generate comprehensive pro�les of 
biological systems in health and disease. Many of the computational chal-
lenges of analyzing these large, complex datasets are being addressed to yield 
next-generation biomarkers that are multianalyte, diagnostic, prognostic, 
and predictive. A growing number of marketed tests now typically measure 
protein or RNA levels, o�en with complex algorithms, enabling diagnosis and 
prognosis. One example is Oncotype Dx (Genomic Health, Inc.), a test that 
examines expression of 21 genes in tumor tissue to determine the likelihood 
of disease recurrence in women with early-stage hormone estrogen receptor�
positive breast cancer. �e test analyzes expression levels and converts them 
to a recurrence risk score, which has been shown to help guide treatment in 
patients, reduce overall health care costs, and improve outcomes and is cur-
rently covered by many major insurance companies. Other examples include 
MammaPrint (Agendia, Inc.), which analyzes the expression of 70 genes to 
determine whether patients are at high or low risk of breast cancer recurrence; 
Allomap (CareDx, Inc.), an 11 blood gene RNA signature for monitoring 
rejection following cardiac transplant; and Corus CAD (CardioDx, Inc.), a 23 
gene blood RNA signature to screen for obstructive coronary artery disease.

Despite their complexity, in vitro diagnostic multianalyte index assays 
(IVDMIAs) like these are �nding their way to the clinic. �e 2007 dra� guid-
ance from the U.S. FDA suggested that IVDMIAs are used to make critical 
health care decisions and thus should be regulated by the FDA. Some, but 
not all, of the marketed IVDMIAs have demonstrated analytical and clinical 
validity, but evidence of clinical utility is usually lagging. Moreover, the very 

�is is largely due to the sparsity of de�nitive diagnoses associated with a 
causal variant and the siloed databases in which these �ndings are located. 
With increasing e�orts to encourage data sharing and creating interoperable 
data stores, it is anticipated that de�nitive diagnoses from genomic data will 
become more common.6 �e American Colleges of Medical Genetics and 
Genomics currently de�nes 59 actionable variants in the human genome 
(h�ps://www.ncbi.nlm.nih.gov/clinvar/docs/acmg/) that, when found, should 
be discussed with the patients who harbor them.

 Risk Prediction for Common Complex Diseases
Despite strong statistical associations linking genetic variants with complex 
diseases in GWAS, the low relative risk of the disease allele (generally �2) 
limits their use for disease predisposition testing and risk assessment. �ere 
are notable exceptions including genetic variation underlying inherited breast 
cancer syndromes, Lynch syndrome, and familial hypercholesterolemia, where 
some variants have enabled preventive treatment or screening of family members 
as well as their consideration as part of population screening programs. Despite 
the advances in genetic testing, a simple family history continues to be among 
the best tools to identify risks for common diseases. In fact, for conditions 
with high heritability, such as cardiovascular disease, family history is a much 
stronger predictor of disease than any single or combination of genetic/genomic 
markers. One model suggests that neither family history nor genetic testing 
should be used as a standalone but that the real power for disease prediction, 
risk assessment, and di�erential diagnosis comes from their combined use.

 Clinical Sequencing for Rare Diseases and  
Diagnostic Dilemmas
More than 3500 mendelian disorders have a known molecular basis (h�p://
omim.org/). However, there are nearly as many suspected mendelian traits for 
which the molecular basis remains to be identi�ed. �e potential for clinical 
sequencing to �nd the underlying cause and identify treatment options for these 
rare, sometimes debilitating diseases has led to the formation of various large 
national and international rare disease consortia. In some specialized clinical 
centers and through programs such as the National Human Genome Research 
Institute�s Undiagnosed Diseases Program (h�p://www.genome.gov/27544402) 
clinical sequencing is being o�ered to patients with suspected genetic diseases, 
the so-called �diagnostic dilemmas.� Early results from these clinical sequenc-
ing programs suggest that the success rate of disease gene identi�cation is 
�33%, o�ering hope of a diagnosis to thousands of individuals with previously 
undiagnosed or untreated rare disorders.7

 Pharmacogenomics: Germline Genetic Variants and  
Drug Response
Over the past decade a plethora of genomic markers of e�cacy, adverse events, 
and dosing of therapeutics have been discovered and recommended for clinical 
use (see E-Table 37-1), but their uptake into clinical practice has been variable, 
despite their clear actionability. In some cases, such as with the HLA-B*5701 
genotype for the HIV drug abacavir and HLA-B*1502 for the antiseizure drug 
carbamazepine, carriers of these genotypes should avoid the drug entirely to 
eliminate a speci�c serious adverse event. In other cases, such as TPMT for 
mercaptopurine or CYP2C9/VKORC1 for warfarin, adjusting the dose of drug 
based on genotype can help to avoid toxicity and improve e�cacy. Actionability 
is not enough to ensure uptake of pharmacogenomics testing as exempli�ed 
with the anti-platelet drug clopidogrel, where despite having an FDA �black 
box warning� for e�cacy in individuals carrying the CYP2C19 genetic variant, 
there is o�en no clear consensus among physicians on its use. Genetic markers 
that predict reduced therapeutic e�cacy may face a high hurdle for established 
drugs, unless there is strong evidence of the test�s clinical validity and utility 
(see below).

 Cancer Pharmacogenomics: Somatic Sequencing of Tumor 
DNA for Targeting Drug Therapies
Cancer arises as a result of somatic DNA mutations that confer a growth 
advantage upon the cells in which they have occurred, giving rise to tumors. 
Comparison of the genetic pro�les of tumors and the surrounding normal 
tissue can reveal the acquired DNA variations that drive growth and that 
may reveal targets for treatment.8 �e idea of pairing medicines with speci�c 
tumor markers in a targeted fashion became a reality in the mid-1980s when 
detailed molecular studies of breast tumors led to the discovery of human 
epidermal growth factor receptor 2 (HER-2), a biomarker overexpressed in 
approximately 30% of breast tumors and associated with adverse outcomes. 
Subsequently, trastuzumab (Herceptin), a humanized monoclonal antibody 
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E�TABLE 37�1	 DRUG�GENE PAIRS TO GUIDE PHARMACOGENOMIC TESTING
GENE DRUG
SLCO1B1 cerivastatin
G6PD chloramphenicol
G6PD chloroquine
G6PD chlorpropamide
G6PD cipro�oxacin
CYP2C19 clomipramine
CYP2D6 clomipramine
G6PD dapsone
CYP2D6 desipramine
CYP2C19 dexlansoprazole
G6PD dimercaprol
POLG divalproex sodium
CYP2C19 doxepin
CYP2D6 doxepin
CYP2B6 efavirenz
CYP2D6 eliglustat
CYP2C19 esomeprazole
G6PD glibenclamide
G6PD glimepiride
G6PD glipizide
G6PD hydroxychloroquine
CYP2C19 imipramine
CYP2D6 imipramine
CYP2C19 lansoprazole
G6PD levo�oxacin
G6PD mafenide
G6PD me�oquine
G6PD mesalazine
CYP2B6 methadone
G6PD methylene blue
CYP2D6 methylphenidate
CYP2D6 mirtazapine
G6PD moxi�oxacin
HPRT1 mycophenolic acid
G6PD nalidixic acid
CYP2B6 nevirapine
G6PD nitrofurantoin
G6PD nor�oxacin
CYP2C19 omeprazole
HLA-B oxcarbazepine
CYP2C19 pantoprazole
G6PD pegloticase
G6PD phenazopyridine
CYP4F2 phenprocoumon
SCN1A phenytoin
CYP2D6 pimozide
G6PD primaquine
G6PD probenecid
CYP2D6 protriptyline
G6PD quinine
CYP2C19 rabeprazole
CYP2D6 risperidone
CYP2C19 sertraline
CYP2D6 sertraline
G6PD sodium nitrite
RYR1 succinylcholine

GENE DRUG
HLA-B abacavir
HLA-B allopurinol
CYP2C19 amitriptyline
CYP2D6 amitriptyline
UGT1A1 atazanavir
TPMT azathioprine
DPYD capecitabine
HLA-A carbamazepine
HLA-B carbamazepine
CYP2C19 clopidogrel
CYP2D6 codeine
CACNA1S des�urane
RYR1 des�urane
DPYD �uorouracil
CYP2D6 �uvoxamine
UGT1A1 irinotecan
CACNA1S iso�urane
RYR1 iso�urane
CFTR ivaca�or
TPMT mercaptopurine
CYP2D6 nortriptyline
CYP2D6 ondansetron
CYP2D6 oxycodone
CYP2D6 paroxetine
CYP2C9 phenytoin
HLA-B phenytoin
G6PD rasburicase
CACNA1S sevo�urane
RYR1 sevo�urane
SLCO1B1 simvastatin
CACNA1S succinylcholine
CYP3A5 tacrolimus
CYP2D6 tamoxifen
DPYD tegafur
TPMT thioguanine
CYP2D6 tramadol
CYP2D6 tropisetron
CYP2C19 voriconazole
CYP2C9 warfarin
CYP4F2 warfarin
VKORC1 warfarin
CYP2C19 citalopram
CYP2C19 escitalopram
IFNL3 peginterferon alfa-2a
IFNL3 peginterferon alfa-2b
IFNL3 ribavirin
CYP2C9 acenocoumarol
CYP4F2 acenocoumarol
HLA-A allopurinol
CYP2D6 aripiprazole
CYP2D6 atomoxetine
UGT1A1 belinostat
CYP2D6 brexpiprazole
SCN1A carbamazepine
NAGS carglumic acid
CYP2C9 celecoxib
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E�TABLE 37�1	 DRUG�GENE PAIRS TO GUIDE PHARMACOGENOMIC TESTING�cont�d
GENE DRUG
G6PD sulfacetamide
G6PD sulfadiazine
G6PD sulfamethoxazole and trimethoprim
G6PD sulfasalazine
CYP2C19 trimipramine
CYP2D6 trimipramine
ABL2 valproic acid
ASL valproic acid
ASS1 valproic acid
CPS1 valproic acid
NAGS valproic acid
OTC valproic acid
POLG valproic acid
GBA velaglucerase alfa
CYP2D6 venlafaxine
CYP2D6 vortioxetine
CYP4F2 warfarin
CYP2D6 dextromethorphan
CYP2D6 quinidine
G6PD erythromycin
G6PD sul�soxazole
CYP2C19 brivaracetam
CYP2C19 carisoprodol
SLC6A4 citalopram
G6PD dabrafenib
UGT1A1 dolutegravir
CYP2D6 donepezil
SLC6A4 escitalopram
CYP2C9 �urbiprofen
CYP2D6 iloperidone
G6PD lidocaine
UGT1A1 pazopanib
CYP2D6 perphenazine
HLA-C allopurinol
MT-RNR1 aminoglycoside antibacterials
MC4R antipsychotics
HLA-DPB1 aspirin
CFTR ataluren
CYP3A5 atazanavir
MTHFR capecitabine
HLA-B carbimazole
MTHFR carboplatin
CYP2D6 carvedilol
CYP2D6 cevimeline
XPC cisplatin
CYP2C19 clobazam
CYP2D6 clozapine
MTHFR cyclophosphamide
CYP3A5 cyclosporine
HLA-B dapsone
CYP2D6 darifenacin
CYP2C19 diazepam
CYP2C9 diclofenac
CYP2D6 dolasetron
CYP2D6 duloxetine
F5 eltrombopag

GENE DRUG
SERPINC1 eltrombopag
CYP2D6 fesoterodine
CYP2D6 �ecainide
CYP2C19 �ibanserin
CYP2C9 �ibanserin
CYP2D6 �ibanserin
MTHFR �uorouracil
CYP2D6 �uoxetine
CYP2D6 haloperidol
F5 hormonal contraceptives for systemic use
NAT2 isoniazid
HLA-DQA1 lapatinib
CYP2C9 lesinurad
MTHFR leucovorin
HLA-B methazolamide
HLA-C methazolamide
HLA-B methimazole
MTHFR methotrexate
SLCO1B1 methotrexate
CYP2D6 metoprolol
CYP3A5 midazolam
CYP2D6 moda�nil
HLA-B nevirapine
HLA-DRB1 nevirapine
UGT1A1 nilotinib
CYP2D6 olanzapine
MTHFR oxaliplatin
CYP2D6 palonosetron
SLCO1B1 pravastatin
CYP2D6 propafenone
CYP2D6 propranolol
HLA-B propylthiouracil
CYP2D6 quinine
DRD2 risperidone
SLCO1B1 rosuvastatin
COMT Selective serotonin reuptake inhibitors
CYP3A5 sirolimus
CYP3A4 tacrolimus
CYP2D6 tamsulosin
CYP2D6 terbina�ne
CYP2D6 tetrabenazine
CYP2D6 thioridazine
CYP2D6 timolol
CYP2D6 tiotropium
CYP2D6 tolterodine
TNF Tumor necrosis factor alpha (TNF-alpha) inhibitors
G6PD vitamin c
CYP2D6 zuclopenthixol
OPRM1 alfentanil
COMT cisplatin
CES1 clopidogrel
GSTP1 cyclophosphamide
ABCB1 digoxin
CYP2A7P1 efavirenz
GSTP1 epirubicin
OPRM1 ethanol
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E�TABLE 37�1	 DRUG�GENE PAIRS TO GUIDE PHARMACOGENOMIC TESTING�cont�d
GENE DRUG
GRIK4 citalopram
HTR2A citalopram
HTR2C clozapine
SOD2 cyclophosphamide
TP53 cyclophosphamide
ANKK1 ethanol
DYNC2H1 etoposide
NQO1 �uorouracil
TYMS �uorouracil
UMPS �uorouracil
CRHR1 �uticasone propionate
CRHR1 �uticasone/salmeterol
ADD1 furosemide
CYP2D6 galantamine
NT5C2 gemcitabine
CETP HMG CoA reductase inhibitors
HMGCR HMG CoA reductase inhibitors
LPA HMG CoA reductase inhibitors
NEDD4L hydrochlorothiazide
PRKCA hydrochlorothiazide
YEATS4 hydrochlorothiazide
C8orf34 irinotecan
SEMA3C irinotecan
UGT1A4 lamotrigine
PTGFR latanoprost
C11orf65 metformin
SLC47A2 metformin
ATIC methotrexate
MTRR methotrexate
CYB5R1 metoclopramide
CYB5R2 metoclopramide
CYB5R3 metoclopramide
CYB5R4 metoclopramide
CCHCR1 nevirapine
CHRNA3 nicotine
HTR2C olanzapine
GSTM1 oxaliplatin
UGT2B15 oxazepam
HTR1A paroxetine
VDR peginterferon alfa-2b
XRCC1 platinum
DYNC2H1 platinum compounds
ERCC1 platinum compounds
NQO1 platinum compounds
KIF6 pravastatin
TANC1 radiotherapy
VDR ribavirin
HTR2C risperidone
FCGR3A rituximab
ABCG2 rosuvastatin
COQ2 rosuvastatin
COL22A1 salbutamol
CRHR2 salbutamol
TXNRD2 selective serotonin reuptake inhibitors
GNB3 sildena�l
ADD1 spironolactone

GENE DRUG
ABCB1 fentanyl
OPRM1 fentanyl
GSTP1 �uorouracil
ITPA interferon alfa-2b, recombinant
ABCB1 methadone
OPRM1 methadone
ABCB1 methotrexate
ABCB1 morphine
OPRM1 morphine
OPRM1 naloxone
OPRM1 naltrexone
ABCB1 nevirapine
CYP2A7P1 nevirapine
COMT nicotine
ABCB1 ondansetron
GSTP1 oxaliplatin
ABCB1 oxycodone
GSTP1 platinum compounds
CYP2C8 rosiglitazone
ADRB2 salbutamol
ADRB2 salmeterol
ABCB1 simvastatin
BCHE succinylcholine
ABCB1 sunitinib
ABCB1 tramadol
OPRM1 tramadol
KCNIP4 ACE inhibitors, plain
NQO1 alkylating agents
CBR3 anthracyclines and related substances
HAS3 anthracyclines and related substances
NQO1 anthracyclines and related substances
SLC28A3 anthracyclines and related substances
FKBP5 antidepressants
GRIK4 antidepressants
HTR2A antidepressants
ANKK1 antipsychotics
GP1BA aspirin
LTC4S aspirin
PTGS1 aspirin
APOE atorvastatin
COQ2 atorvastatin
KIF6 atorvastatin
LDLR atorvastatin
FDPS Bisphosphonates
CRHR1 budesonide
ANKK1 bupropion
ADO�2A ca�eine
TYMS capecitabine
ACE captopril
EPHX1 carbamazepine
FLOT1 carbamazepine
EGF cetuximab
FCGR3A cetuximab
GSTM1 cisplatin
TMEM43 cisplatin
TP53 cisplatin
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E�TABLE 37�1	 DRUG�GENE PAIRS TO GUIDE PHARMACOGENOMIC TESTING�cont�d
GENE DRUG
NAT2 hydralazine
NAT1 isosorbide dinitrate
NAT2 isosorbide dinitrate
IFNL4 peginterferon alfa-2a
IFNL4 peginterferon alfa-2b
ABCB1 antidepressants
NUDT15 azathioprine
NUDT15 mercaptopurine

GENE DRUG
TCF7L2 sulfonamides
ABCC4 tenofovir
CRHR1 triamcinolone
CALU warfarin
GGCX warfarin
PROC warfarin
PROS1 warfarin
NAT1 hydralazine
Adapted from h�ps://cpicpgx.org/





Engineering (h�p://www.nationalacademies.org/hmd/Activities/Research/
GenomicBasedResearch/Innovation-Collaboratives/EHR.aspx).

Clinical decision support is becoming more relevant as the sheer volume 
of information providers need to have �just in time� increases and also as 
clinical conditions continue to be subdivided and treated di�erently.13 Clinical 
decision support has the power to use genetic information to guide decision 
making, reduce cognitive load, and potentially limit medication errors. Clinical 
decision support, empowered by a robust IT infrastructure, represents an 
important approach for ensuring adherence to evidence-based precision medi-
cine in clinical practice as well as a platform from which to share clinical 
success and cost-savings information.

 DATA OWNERSHIP, PRIVACY, AND SHARING
Data sharing among health care systems, industry, researchers, clinicians, and 
patients is integral to evidence generation and to advancing our understanding 
of health and disease. Prototypes for sharing genomic and clinical data on a 
centralized platform are being developed,14 but the IT costs prohibit some 
health care systems from participating in data sharing. �us underserved 
populations may be le� out, and their populations either underrepresented 
in or completely absent from the shared datasets. Amassing larger and more 
diverse datasets and sharing these data with smaller or resource-limited health 
se�ings will be critical for their inclusion in precision medicine strategies in 
the future. Indeed, All of Us (h�ps://allofus.nih.gov/) has taken the inclusion 
of underserved minorities and underrepresented populations in the cohort 
as a priority.

Policy and regulatory frameworks must address participants� concerns related 
to data ownership and privacy. Given the intrinsic identi�able nature of genomic 
data, patients have concerns about their privacy and rights.15 Because obtain-
ing participant consent is a necessary �rst step to gathering research data, the 
informed consent process could be made more standardized and streamlined 
globally, including implementing and standardizing nontraditional electronic 
consent tools to make it easier on patients and researchers.

Legislation prohibiting discrimination based on genetic information, such 
as the Genetic Information Nondiscrimination Act of 200816 in the United 
States, is an important step toward allaying the public�s fears of how their 
(genomic) data might be used. �e informed consent process might be further 
enabled by a framework that (1) addresses the risks to and concerns of patients 
and the general public, (2) provides information on what privacy protections 
are currently in place, and (3) provides information on how data sharing 
promotes the public good.

 PARTICIPANT ENGAGEMENT AND TRUST
Participants are truly the key enablers of precision medicine. �eir genomic 
and personal information contributes to research and eventually to evidence 
generation. �eir appetite for data sharing will encourage implementation of 
genomics into health care. �eir trust that personal data will be used e�ectively 
and ethically will enable data sharing. Initiatives that pursue deeper engage-
ment between participants and the clinical care and research components of 
their various health care systems will enable the �eld to progress. Engagement 
is being enhanced through several channels, including traditional education 
approaches (for providers, patients, and the general public) and with patient 
and health advocacy organizations.

Due to the longitudinal nature of evidence generation in precision medicine, 
continuous e�orts should be made to engage and update participants on the 

ADDITIONAL RESOURCES
WEBSITE URL DESCRIPTION
CPIC h�p://www.pharmgkb.org/page/cpic Provides freely available, peer-reviewed, updatable, and detailed gene/drug clinical practice 

guidelines
EGAPP h�p://www.egappreviews.org/ Synthesizes scienti�c evidence and makes recommendations on appropriate use of genetic tests in 

clinical practice
FDA Biomarkers h�p://www.fda.gov/drugs/scienceresearch/researchareas/

pharmacogenetics/ucm083378.htm
List of pharmacogenomic biomarkers on drug labels (link to drug labels provided)

Genetic Testing 
Registry

h�p://www.ncbi.nlm.nih.gov/gtr/ Central location for voluntary submission of genetic test information by providers; includes 
information on test methodology, validity, evidence of the test�s usefulness, and laboratory 
contacts and credentials

PharmGKB h�p://www.pharmgkb.org Information on potentially clinically actionable gene-drug associations and genotype-phenotype 
relationships

IGNITE h�ps://ignite-genomics.org/ A toolbox for implementation of genomics into diverse care practices

existing and/or potential risks and bene�ts of participating in precision medi-
cine research to help secure an ongoing research partnership with participants 
and their families. Engagement strategies with the participant should pay 
a�ention to the diversity of health literacy and numeracy (such that risk infor-
mation, for example, can be understood) of the population. �e degree to 
which individuals engage with research and clinical care depends on their 
ability to access and understand their health care information, relevant consent 
documents, and the potential impact of testing and treatment on their clinical 
outcomes. E�orts could be made to not only ensure that information is pro-
vided to participants (perhaps through patient portals connected to precision 
medicine�enabled EHRs, as discussed above), but also that such materials 
are context sensitive and culturally appropriate. Genomic and precision medi-
cine may exacerbate existing health disparities; therefore, additional e�orts 
will be required to ensure that diverse ethnic and cultural groups are informed, 
engaged, and represented to ensure maximum impact of precision medicine 
to improve health outcomes.17
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ABSTRACT
�e signi�cant developments in recent years in the areas of stem cells biology, 
molecular interventions, and tissue engineering opened a new biomedicine 
discipline; regenerative medicine. �is approach seeks to replace or repair 
lost or dysfunctional cells, tissue, and organs in an a�empt to develop curative 
strategies for unmet clinical needs such as diabetes, heart failure, and neuro-
degenerative disorders. Among the most important regenerative medicine 
tools is the use of stem cells (either adult or pluripotent stem cells) for various 
cell therapy procedures. Such experimental approaches include the use of 
bone marrow and blood derived stem/progenitor cells, delivery of extracel-
lular vesicles, the activation of tissue-speci�c resident stem/progenitor cells 
or induction of cell proliferation to induce endogenous regeneration, the use 
of transcription-factor reprogramming to convert one cell type into another, 
and the engra�ment of fetal tissue or ex-vivo pre-di�erentiated cell-derivatives 
from pluripotent stem cells. An alternative conceptual therapeutic approach 
is gene therapy, which involves the transfer of genetic material (DNA, siRNA, 
or modi�ed RNA) into cells in order to correct inherited disorders through 
the expression of the missing proteins, to favorably alter cellular function for 
treatment of nongenetic diseases through overexpression of a speci�c protein, 
or for various oncologic applications. Recent clinical trials of gene therapy 
have shown encouraging therapeutic bene�ts and an excellent safety record. 
Future e�orts are expected to shi� the focus from uncontrolled overexpression 
of the missing protein to directly correcting the mutation at the DNA level 
through the use of gene-editing strategies such as the CRISPR-Cas9 system.
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Stem cell

Stem cell Specialized cell

(e.g., neuron)

FIGURE 38�1.  Asymmetrical cell division. Although this �rst characteristic was con-
sidered a required characteristic for stem cells based on their original description in the 
adult hematopoietic system, not all cell types currently named as stem cells necessarily 
display this property. For instance, human embryonic stem cells divide by symmetrical 
cell division. 

function. It therefore draws upon the three conventional pillars of medical 
therapeutics (pharmaceuticals, biologics, and medical devices) as well as from 
the newest platform technology, namely, cell therapy. �e long-term goal of 
regenerative medicine is to cure disease by replacing the lost functions of 
tissues and organs, and therefore truly represents a transformative addition 
to conventional therapies aiming to alter the natural course of disease or to 
provide symptomatic control.

Cell Therapy
Cell therapy involves the application of cells to achieve a therapeutic bene�t, 
regardless of the cell type or clinical indication. Although achieving tissue 
and organ regeneration through cell replacement represents an important goal 
of cell therapy technology, its applications may reach beyond the �eld of 
regenerative medicine. Hence, the spectrum of cell therapy applications may 
range from transient or permanent cell replacement strategies to achieve 
immunomodulatory e�ects (for example, for prevention of gra�-versus-host 
disease [GVHD]), to act as vehicles for the delivery of genes or gene products 
(cell-based gene therapy strategies), and as genetically engineered cell-based 
anti-cancer therapies. In this chapter, we will focus on the use of cell therapy 
for regenerative medicine and speci�cally concentrate on the potential role 
of di�erent stem cell types to meet this challenge.

Stem Cells
Stem cells possess two de�ning properties: (1) the capacity for self-renewal 
and (2) the ability to di�erentiate into cell types with specialized cellular func-
tions (Fig. 38-1). �is may occur at the individual stem cell level through the 
process of asymmetrical cell division or at the cell population level wherein 
a subset of cells di�erentiate and the remaining stem cells remain dormant 
or replicate themselves as stem cells. A�er asymmetrical cell division, non�
stem cell derivatives may either generate a pool of organ system�restricted, 
transit-amplifying cells with enhanced proliferative capacity or continue to 
di�erentiate by epigenetic and gene expression pro�le changes until reaching 
the terminally di�erentiated state. �is conceptual framework was developed 
a�er the discovery of bone marrow cells that were capable of reconstituting 
the adult hematopoietic system. �ese hematopoietic stem cells constitute 
the basis for hematopoietic stem cell transplantation, the only form of stem 
cell therapy that is currently routinely well established in clinical practice  
(Chapter 168).

�e di�erent stem cells types are routinely classi�ed based on the protein 
or transcription factors they express, but also according to three basic addi-
tional a�ributes: (1) replicative capacity (limited versus unlimited); (2) the 
scope or potency of di�erentiation (e.g., pluripotent, multipotent, oligopotent, 
unipotent); and (3) their place in the life history of the organism (develop-
mental or postdevelopmental). �us, more recent terminology has broadened 
use of the term stem cells to cover a wider array of cell types that contribute 

to organ development or have the capacity to repopulate tissues and organ 
systems. �e term stem cells, together with the formulations noted previously, 
has also recently been extrapolated to describe certain cellular subpopula-
tions that may be principally responsible for the growth of malignant tumors. 
However, because cancer stem cells have no role in tissue regeneration, they 
are discussed in Chapter 171.

Adult (Postnatal) Stem Cells
A�er birth, many tissues are thought to contain a subpopulation of cells with 
the capacity for extended self-renewal, combined with the ability to di�er-
entiate into more mature cell types with specialized functions (Fig. 38-2). 
Adult stem cells, thought to represent less than 0.01% of the total number 
of cells, are located in specialized supportive niche compartments at various 
sites within the hematopoietic system and elsewhere and respond to cues 
in their local microenvironment. As a result of the success of hematopoi-
etic stem cell transplantation in the treatment of bone marrow failure or in 
conjunction with myeloablative therapy in malignancy, scientists have been 
motivated to �nd adult stem cells in other organs. Adult tissues and organ 
systems reported to contain putative stem cells include bone marrow (hema-
topoietic and mesenchymal compartments) and peripheral blood, blood 
vessel endothelium, dental pulp, epithelia of the skin, adipose tissue, digestive 
system, cornea, retina, testis, and liver. Similar stem/progenitor cells were also 
reported in organs historically not thought to contain such cells, such as the 
central nervous system and the kidney. Whether adult stem cells represent 
remnants of developmental stem cells that persist into adulthood for purposes 
of organ maintenance and repair or represent a distinct cell type dedicated 
for this la�er purpose is not clear. Importantly, in many organs, despite the 
presence of such tissue-speci�c stem cells, their regenerative capacity is still 
inadequate to deal with massive cell loss such as occurs following ischemic brain  
injury.

Embryonic and Induced Pluripotent Stem Cells
In contrast to adult stem cells that have relatively limited di�erentiation potency, 
cells in the developing preimplantation embryo retain the capacity to dif-
ferentiate into derivatives of all three germ layers (ectoderm, mesoderm, and 
endoderm), eventually contributing to all tissues in the body (Fig. 38-2). In 
normal development, however, such cells do not persist beyond the blastocyst 
stage. When isolated from unused preimplantation blastocysts generated for 
in vitro fertilization, the inner cell mass cells isolated can be used to generate 
human embryonic stem cell (hESCs) lines (Fig. 38-3). �e generated hESCs 
exhibit unlimited self-renewal in cell culture in the undi�erentiated state, while 
retaining the capacity to di�erentiate into cell derivatives of all three germ 
layers, essentially giving rise to any cell type in the body. Taking advantage of 
lessons learned from embryology, scientists were able to utilize the sequential 
application of di�erent combinations of growth factors to achieve e�cient 
di�erentiation systems from hESCs, yielding puri�ed populations of di�erent 
types of neurons, glial cells, cardiomyocytes, vascular endothelial and smooth 
muscle cells, pancreatic �-cells, hepatocytes, di�erent blood cells (platelets, 
red blood cells) and several other cell-lineages.

One of the limitations of the hESC technology is the inability to derive 
such cells from an adult individual, preventing their utilization in a patient-
speci�c manner. �ese limitations can be overcome with the introduction of 
induced pluripotent stem cell (iPSCs) technology. �is approach allows adult 
somatic cells (such as �broblasts or blood cells) to be reprogrammed into 
pluripotent stem cells by the introduction of a set of transcription factors 
linked to pluripotency. �e human iPSCs (hiPSCs) generated in this manner 
can then be coaxed to di�erentiate into a variety of cell types, using di�eren-
tiation protocols similar to those already in place for hESC. Importantly, because 
the hiPSCs can be generated in a patient-speci�c manner, this technology can 
potentially be used to develop autologous cell-replacement strategies that can 
preempt immunologic rejection, to generate patient/disease-speci�c models 
of di�erent genetic disorders, to optimize patient-speci�c therapies, and to 
establish screens for drug testing and drug discovery (Fig. 38-4).

 Cell Therapy Approaches for Regenerative Medicine
Historically, the �eld of cell therapy can be traced to the transfusion of blood 
and blood products (Chapter 167), solid organ transplantation (Chapter 43), 
in vitro fertilization, and bone marrow transplantation (Chapter 168). Nev-
ertheless, beyond the aforementioned therapies, which have become the 
mainstay treatments in several medical �elds, additional cell therapy approaches 
are considered highly experimental and are still at di�erent stages of preclinical 
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EVs are a�racting considerable scienti�c interest both in understanding 
their diverse biologic roles in di�erent tissues, but also as biomarkers for dif-
ferent disease states, and importantly, as potential therapeutic agents. As noted 
above, many stem cells types can potentially exert their bene�cial e�ect in 
tissue repair/regeneration via a paracrine e�ect. Recently, it was reported that 
EVs derived from di�erent stem cell/cell types could recapitulate the thera-
peutic e�ects of such cell transplantation procedures. �e prevailing hypothesis 
is that stem cell EVs exert their therapeutic e�ects by transferring biologically 
active molecules such as proteins, lipids, mRNA, and microRNA from the 
stem cells to injured or diseased cells. Delivery of EVs rather than cells may 
possess a number of advantages, such as reduced cost, simpler technical manu-
facturing and delivery, and limited immunogenicity. Ongoing preclinical and 
clinical studies are evaluating the potential e�cacy of such EV delivery pro-
cedures for tissue regeneration/repairs in multiple organs. Finally, because 
EVs represent a novel drug delivery approach providing high delivery e�ciency, 
intrinsic targeting properties, and low immunogenicity, a�empts are also being 
made to engineer their properties (directly or through modi�cation of the 
source cells) to confer unique properties to these delivery agents tailored for 
speci�c applications.

Delivery or Activation of Tissue-Speci�c Stem/Progenitor 
Cells or Induction of Cell Proliferation
In contrast to the conventional dogma, recent evidence suggests that a number 
of organs previously believed to lack any regenerative capacity (such as the 
brain, pancreas, kidney, and heart) in fact do possess such ability, albeit at a 
limited capacity. Whether this capability is due to the presence of tissue-speci�c 
stem/progenitor cells or due to some replication capability of terminally dif-
ferentiated cells is still a ma�er of debate for each organ.

Signi�cant e�orts have been made in recent years to isolate such putative 
tissue-speci�c stem/progenitor cells based on the expression of general or 
speci�c stem cell markers or based on their unique culturing properties. �ese 
studies also highlighted the potential of such cells to be cultured in a clonal 

and clinical development. �ese ongoing e�orts can be conceptually grouped 
into seven di�erent approaches (Fig. 38-5).

Delivery of Bone Marrow� and Blood-Derived  
Stem/Progenitor Cells
A �urry of studies during the past decade evaluated the ability of bone marrow�
derived hematopoietic or mesenchymal stem cells to achieve tissue repair 
following delivery to a variety of organs. �ese studies were based initially on 
the assumption that these types of adult stem cells may display some degree 
of plasticity, allowing them to transdi�erentiate into the relevant cell types 
(such as heart cells, nerve cells, and liver cells) following transplantation into 
the appropriate tissue environment. Although mounting evidence suggests 
that such transdi�erentiation probably does not occur to a signi�cant extent, 
many of these studies did result in varying degrees of functional improvement 
following stem cell delivery to di�erent organs. It now seems that the clinical 
bene�t may stem from the secretion of di�erent growth factors by the engra�ed 
cells (�paracrine hypothesis�), which in turn are thought to augment endog-
enous tissue repair mechanisms, improve tissue vascularization, modulate 
in�ammation, and protect tissues at risk.

Delivery of Extracellular Vesicles
Extracellular vesicles (EVs) are intrinsic mediators of intercellular communica-
tion in the body, allowing functional transfer of biomolecules (lipids, proteins, 
and nucleic acids such as DNA, mRNA, microRNAs [miRs] and other non-
coding RNA) between diverse locations. EVs represents a collective term for 
vesicles that are secreted or shed by cells and can be found in the culture 
media when cells are cultured in vitro or in di�erent body �uids in vivo such 
as blood, urine, saliva, and cerebrospinal �uid. A�empts were made to catego-
rize EVs into groups, either by their size or by their mechanisms of formation 
and release. �ese include apoptotic bodies (ABs, 1 to 5 �m), microparticles 
(100 to 1000 nm), and exosomes (�100 nm). However, recent studies have 
concluded that these groups overlap.
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FIGURE 38�2.  Adult stem cells. Adult stem cells can be multipotent and have the capacity to di�erentiate into a limited number of di�erent cell types, often restricted to a given 
tissue or organ system, as in the case of adult hematopoietic or epidermal stem cells. Two stem cell types have been isolated from adult bone marrow�the hematopoietic stem cell 
and the mesenchymal stem cell. Adult mesenchymal stem cells of bone marrow origin, although their range of di�erentiation has been shown to be broader than that of any other 
adult stem cell type, do not reach pluripotency. It is thought that in some organ systems, such as the gastrointestinal epithelium, a unipotent pool of progenitors exists for repopulating 
a rapid population turnover of only one type of cell�although it is di�cult to be certain whether such progenitors can be distinguished from the overall population of fully di�erenti-
ated cells in tissues with high cellular turnover. 
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such stem/progenitor cells. Such an e�ect may underlie the potential thera-
peutic bene�t of bone marrow�derived stem cells a�er their delivery to dif-
ferent organs.

�e �nal strategy aims to boost endogenous organ repair through the rep-
lication of terminally di�erentiated tissue-speci�c cells. Such strategies can 
either augment the inherent physiologic capability of a given organ (for example 
insulin secretagogues for pancreatic �-cells) or a�empt to induce replication 
in cells that have already withdrawn from the cell cycle. Caution is warranted 
with respect to the la�er approach, because induction of uncontrolled prolif-
eration (for example, by genetic manipulation) may increase the risk of 
tumorigenesis.

manner and to give rise to one or more cell types relevant to the organs from 
which they were isolated. Current e�orts to utilize the aforementioned �nd-
ings for regenerative medicine are focused either on the isolation, ex vivo 
expansion, and transplantation of such putative stem/progenitor cells back 
to their respective native organs or on the augmentation of their endogenous 
reparative potential in vivo. �e former strategy can be exempli�ed in the 
central nervous system where progenitor cells are harvested, cultivated in 
culture (as neurospheres), and give rise to di�erent types of neurons and 
supporting glial cells. Similar e�orts are being pursued for other organ systems.

�e la�er approach, in contrast, aims to in�uence putative stem-cell niches 
within damaged organs to enhance the endogenous reparative properties of 
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FIGURE 38�3.  Embryonic stem cells. Totipotency refers to the capacity to di�erentiate into all cell types in an organism, including extraembryonic tissues, placenta, and umbilical 
cord, a property con�ned to the fertilized egg itself, including the cells derived from the �rst few cell divisions after fertilization. Pluripotency refers to the capacity to di�erentiate into 
all the specialized cell types derived from the three germ layers (ectoderm, mesoderm, endoderm) of the developing embryo and is a hallmark feature of embryonic stem and germ 
cells. 
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clinical studies in the central nervous system (Parkinson disease using dopa-
minergic cells) and for treatment of diabetes planned for the future.

Despite the signi�cant achievements made with hESCs, the inability to 
create patient-speci�c hESCs from adult individuals, the ethical issues arising 
from destructive use of human embryos, and the anticipated immune rejection 
associated with such allogeneic cell transplantation impose important hurdles 
for their clinical utilization. �e hiPSC technology provides a potential solu-
tion to these challenges. As noted, the patient�s own somatic cells (�broblasts, 
hair follicles, urine eplithelial cells, or blood cells) can be reprogrammed by 
a set of transcription and chemical factors to yield pluripotent stem cells. �e 
patient-speci�c hiPSCs could then be coaxed to di�erentiate into a variety of 
cell lineages, using protocols similar to those already in place for hESCs. In 
turn, these di�erentiated derivatives could then be transplanted either in an 
autologous or allogeneic manner. Clinical trials using hiPSC-derived cell lin-
eages were either recently initiated, such as in the case of macular degeneration 
(RPE cells),1 or are expected to begin in the coming few years targeting Par-
kinson disease (dopaminergic neurons), blood product transfusion (platelets 
and red blood cells), and heart failure (cardiomyocytes).

One of the concerns in translating hESCs and hiPSCs into a therapeutic 
platform is the oncogenic risk. �is concern stems from the potential of remain-
ing undi�erentiated cells within the cell gra�s to form teratomas, from the 
use of oncogenic reprogramming factors, from the random integration of the 
viral vectors used in cellular reprogramming (�insertional oncogenesis�), and 
from genetic instability, potentially leading to both chromosomal aberrations 
and mutations. Progress to clinical trials requires de�nitive clari�cation of this 
key concern. Another challenge is the expected immune rejection associated 
with allogeneic cell transplantation (requiring immunosuppression) and the 
regulatory, technical, and cost barriers associated with autologous-based trans-
plantation. To overcome the former challenge, e�orts are being made using 
diverse strategies for the creation of universal iPSC cell donors.

Direct Reprogramming
In contrast to the iPSCs approach, which seeks to initially reprogram somatic 
cells to a pluripotent state followed by di�erentiation of the generated iPSCs 
to speci�c cell lineages, recently described direct reprogramming strategies 
aim to directly convert the phenotype of one mature cell type (�broblasts) to 
another. �e prototype for such a strategy was the demonstration that MyoD, 
a master regulator of skeletal muscle formation, can convert �broblasts directly 

Engraftment of Fetal Tissue
�e most straightforward approach for organ repair would be to replace the 
missing cells with identical counterparts. Harvesting and expanding adult 
human cells for transplantation, however, may not be possible in the case 
of several organs with limited regenerative capacity. During prenatal human 
development, cells of fetal origin o�en show enhanced proliferative capacity 
as well as the ability to di�erentiate into more than one type of mature or 
specialized cell. Moreover, animal studies have demonstrated that transplan-
tation of tissues harvested from developing organs (harvested at a speci�c 
time window during embryonic development) may give rise to entire func-
tioning organs such as kidneys, lungs, and pancreas. In the case of kidney, 
recent success in the isolation of expandable nephron precursor cells from 
fetal sources and their use to slow or halt the progression of chronic kidney 
injury in experimental models is now being followed by the development of 
protocols to generate such progenitor cells by reprogramming cells from non-
fetal sources. Nevertheless, to date, the only fetal-derived cells that have been 
used in human clinical applications are the dopaminergic cells derived from 
the developing fetal nervous system for the treatment of Parkinson disease 
(Chapter 381). �e broader use of fetal tissues for regenerative medicine may 
be hampered by the limited access to such cells due to both technical and 
ethical reasons, the allogeneic nature of such procedures (requiring immune 
suppression), and the potential for tumor formation as already described in some  
case reports.

Transplantation of Ex Vivo Di�erentiated Pluripotent  
Stem Cells
Unlike fetal tissues, hESCs are truly pluripotent (can give rise to advanced 
cell derivatives of all three germ layers). Importantly, hESCs can be propagated 
in the undi�erentiated state and then coaxed to di�erentiate into a variety of 
cell types, giving rise to a potentially unlimited number of specialized cell 
types for transplantation. Consequentially, numerous preclinical studies have 
demonstrated the ability of hESC derivatives to engra�, survive, and improve 
organ performance in a wide spectrum of relevant animal disease models 
(heart failure, Parkinson disease and other neurodegenerative disorders, dia-
betes, etc.). Early clinical studies using hESC derivatives are just emerging 
and have been focused so far on the retina (transplantation of retinal pigmented 
epithelium [RPE] cells), spinal cord injury (using oligodendrocyte progeni-
tors), and the heart (using hESC-derived vascular progenitor cells) with early 
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derive � cells for transplantation therapy.5 Harnessing lessons from embryol-
ogy, e�cient protocols have been developed to promote the di�erentiation of 
pluripotent cells in vitro into a precursor or early-stage �-cell phenotype. �e 
�eld has moved even closer to clinical application by tackling the challenge of 
creating more mature and functional � cells. �is approach is now entering 
early clinical trials, with subjects receiving implants of hESC-derived pancre-
atic progenitors, but detailed results of the trials have not yet been released.

One of the problems in using � cells for cell replacement therapy is that 
the autoimmune destruction of endogenous � cells, which underlies the 
pathogenesis of type 1 diabetes, will probably also result in the destruction 
of the pluripotent cell�derived � cells even when derived from an autologous 
(hiPSCs) source. �erefore, e�orts are being made to develop the biotech-
nological means (encapsulation technologies) to deliver the cells in an immu-
noprotective environment that will prevent cell rejection, but will retain the 
capacity of the engra�ed � cells to sense glucose and to secrete insulin. Another 
challenge is the complex interaction of � cells with neighboring cells within 
the pancreatic islet for appropriate physiologic glucose and metabolic control.

�e �nal regenerative strategy focuses on increasing pancreatic � cells mass 
by inducing the replication of existing � cells. �is therapeutic approach would 
probably mainly target type 2 diabetic patients by decreasing the burden on 
existing overworked � cells, but may also be bene�cial for some patients with 
type 1 diabetes that still retain some � cells mass. Whereas several tissues are 
regenerated by di�erentiation of tissue-speci�c stem cells, new pancreatic � 
cells are derived from the replication of existing � cells. Promising candidates 
for augmenting �-cells replication were recently identi�ed and include the 
use of glucokinase activators or betatrophin, a protein secreted by the liver.

 Stem Cell�Derived Platforms for Disease Modeling, Personalized Medicine,  
and Drug Discovery
In addition to the generation of cells for regenerative applications, the ability 
to grow a wide variety of di�erent specialized cell types of human origin in 
culture provides unparalleled opportunities for gene and drug discovery and 
testing. For example, the ability to grow human cardiomyocytes in culture 
provides a preclinical human cellular-based experimental platform for screen-
ing newly developed drugs in terms of their potential to cause QT-interval 
prolongation and hence the risk for arrhythmia in the clinical se�ing. Other 
examples include the creation of an experimental tissue microenvironment 
of human origin for studying the stromal response to tumor growth and testing 
anticancer drugs that target tumorigenic responses such as angiogenesis.

�e advent of the hiPSC technology has further revolutionized this �eld 
because it allows for the �rst time the generation of disease/genotype and 
patient-speci�c hiPSC models of a wide array of inherited disorders. Initial 
studies focused on diseases with monogenic inheritance, but more recent 
studies have included diseases with more complex inheritance pa�erns. Con-
sequently, di�erent types of patient-speci�c hiPSC-derived neurons, cardio-
myocytes, skeletal muscle, blood cells, hepatocytes, and other cell types have 
been demonstrated to recapitulate in the culture dish the abnormal phenotype 
of a wide array of genetic disorders, including those of neurodegenerative 
disorders (such as spinal muscular atrophy, familial dysautonomia, amyotrophic 
lateral sclerosis, schizophrenia, and even late-onset disease such as Parkinson 
and Alzheimer disease), di�erent cardiomyopathies and arrhythmogenic syn-
dromes, a wide array of blood disorders, and several other genetic disorders. 
�ese models have already yielded important insights into the mechanisms 
underlying these disease states and have established unique experimental 
platforms that will enable the testing of existing therapies in a patient-speci�c 
manner (personalized medicine) to evaluate evolving therapies (�clinical studies 
in the culture dish�), and to develop new therapeutic strategies.

  CELL THERAPY IN THE TREATMENT OF CANCER
Because these promising new approaches involve genetic engineering of cells 
ex vivo, they will be considered under Gene �erapy.

  GENE THERAPY
Gene therapy can be broadly de�ned as the transfer of genetic material into 
cells to restore or correct a cellular dysfunction or to provide a new cellular 
function in an a�empt to cure a disease or at least to improve the clinical 
status of a patient. �e use of genes as therapeutic platforms emerged during 
the mid-20th century, and in the 1990s the �rst regulated registered studies 
were performed in the United States. In the �rst clinical study, a 4-year-old 
girl with adenosine deaminase (ADA) de�ciency was treated by transfecting 
the ADA gene into her white blood cells, resulting in improvements in her 

disease, Alzheimer disease, or amyotrophic lateral sclerosis (ALS) and in acute 
injuries leading to rapid cell loss (e.g., ischemic stroke, traumatic spinal cord 
injury). Stem cell�based therapies are being explored as potential novel thera-
peutic paradigms for both acute and chronic neurodegenerative disorders. Con-
sistent with the spectrum of cell therapy related mechanistic actions described 
above, these procedures could potentially act through the following mechanisms: 
(1) cell replacement, whereby cells (precommi�ed to a speci�c neuronal or 
glial lineage) are transplanted to replace the speci�c subtypes of cells that were 
lost (i.e., dopaminergic neurons in Parkinson disease, motor neurons in ALS, 
or a mixture of di�erent neuronal and glial subtypes in other disorders); (2) 
trophic support, whereby the engra�ed cells are used to promote the survival 
of a�ected neurons or glia or stimulate endogenous repair of the diseased 
brain through the secretion of neurotrophic factors; and (3) modulation of 
the in�ammatory process thought to contribute to the pathogenesis of many 
neurodegenerative processes. Achieving the �rst mechanistic goal, despite 
being the most a�ractive, is probably also the most challenging, because one 
would not only need to derive clinically relevant numbers of the speci�c glial 
or neuronal subtypes or a combination of these cells, but also to deliver them 
to the appropriate site (either focally or di�usely throughout the brain), as 
well as to assure cell-gra� survival, its continuous and appropriate function, 
and importantly, also its integration with host neuronal network.

Investigations of stem cell�based approaches for the treatment of other 
neurodegenerative diseases, including ALS, Alzheimer disease, Ba�en disease, 
stroke, and brain and spinal cord injury, are now moving between experimental 
animal model studies to planning of clinical trials. Recent reports have shown 
a major clinical bene�t in animal models on directed di�erentiation and trans-
plantation of hESCs and hiPSCs toward a retinal pigment epithelium (RPE). 
Human studies with these cells were recently initiated for patients su�ering 
from macular degeneration in a number of countries.

Heart Disease
Although some studies have challenged the dogma of the heart being a com-
pletely terminally di�erentiating organ especially at the neonatal stage, the 
endogenous repair mechanisms of the adult heart are usually inadequate in 
dealing with an extensive myocardial infarction. �e resulting decrease in the 
contractile mass, which is associated with the loss of approximately one billion 
cardiomyocytes, may lead to the development of clinical heart failure (Chapters 
52 and 53). With heart failure being the leading cause of hospitalizations and 
with paucity of donor organs limiting the number of heart transplantations 
worldwide, it is not surprising that the heart has become the focus of various 
regenerative medicine e�orts.4

�e largest clinical experience in myocardial cell therapy comes from the 
use of bone marrow�derived stem cells (primarily hematopoietic stem cells 
and more recently also mesenchymal stem cells). �e e�ects of delivery of 
such cells (mainly via the coronary circulation) were studied in thousands of 
patients, primarily in the se�ing of acute/recent myocardial infarction. Meta-
analyses in ischemic or nonischemic cardiomyopathies have demonstrated 
inconsistent results, with some studies suggesting mild improvement in le� 
ventricular function and others showing neutral results. A1 

,
 A2 

Most recent e�orts in the �eld have focused on a�empting to induce mature 
cardiomyocytes to reenter the cell cycle (directly or following an initial de-
di�erentiation phase) or to convert the phenotype of nonmyocytes (�broblasts) 
into cardiomyocytes. In the la�er approach, it has been demonstrated that 
the phenotype of murine �broblasts can be converted both in vitro and in 
vivo into cardiomyocyte-like cells by the expression of a combination of 
cardiomyocyte-speci�c transcription factors. Although these and other e�orts 
have the potential to augment the number of cardiomyocytes and consequently 
improve contraction of the failing heart, they are still in the early phase of 
discovery.

Diabetes Mellitus
Successful pancreatic transplantation and improved glucocorticoid-free protocols 
for transplantation of islets of Langerhans have been shown not only to restore 
glucose control in patients with diabetes mellitus but also to prevent or even 
reverse some of the disease�s complications (Chapter 216). However, whole 
organ or islet-based transplantation approaches are limited both by immuno-
logic rejection and by limitation of an available source of transplantable tissues. 
�is has motivated the search for cell types that can replace (type 1 diabetes 
mellitus) or augment (type 2 diabetes mellitus) de�cient �-cell function.

�e development of hESCs and hiPSCs, coupled with improved understand-
ing of �-cell development, has provided a potentially unique cell source to 
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Beyond the derivation of new � cells from pluripotent stem cells, progress 
has also been made in reprogramming closely related cell types to � cells by 
overexpressing of master regulatory transcription factors. Early studies focused 
on the conversion of hepatocytes to �-like cells through the overexpression 
of PDX1, the transcription factor MAFA, and NeuroD. In vivo transdi�eren-
tiation of mouse acinar cells to � cells has been achieved by transient viral 
overexpression of three transcription factors (PDX1, NGN3, and MAFA), 
whereas overexpression of a single transcription factor, PAX4, has successfully 
converted murine � cells to � cells.

In contrast to bone marrow cells, human pluripotent stem cell lines (hESCs 
and hiPSCs) can undoubtedly become cardiomyocytes during ex vivo dif-
ferentiation. Research e�orts in recent years established e�cient directed 
di�erentiation systems that could give rise to clinically relevant number of 
cardiomyocytes (and even to chamber-speci�c cardiomyocyte subtypes such 
as ventricular myocytes or SA node�like pacemaker cells) and demonstrated 
the ability of the generated cells to engra�, functionally integrate with host 
cardiac tissue, and improve myocardial performance in animal models of 
myocardial infarction. In 2015, Menasche and colleagues reported the �rst 
case of a human with severe heart failure treated with hESC derivatives, using 
a cardiovascular progenitor based cell seed patch sown to the le� ventricle at 
the time of bypass surgery. Nevertheless, issues related to ethics and the allo-
geneic nature of the gra� (hESCs), to the ine�cient and incomplete repro-
gramming process (iPSCs), to the heterogeneous and relative immature 
properties of the generated cardiomyocytes, and to the complex regulatory 
and �nancial issues are still hindering large-scale clinical implantation of such 
cell therapy procedures.

�e �rst cell type that reached clinical trials for heart failure was skeletal 
myoblasts. Such cells could be harvested (satellite cells) in an autologous 
manner, expanded ex vivo, and transplanted to the heart. However, skeletal 
myoblasts display di�erent physiologic properties than cardiomyocytes and 
cannot form electromechanical connections with host cardiac tissue. Conse-
quentially, these clinical e�orts have largely been abandoned due to lack of 
e�cacy as well as evidence suggesting increasing arrhythmogenicity in some 
patients.

Given the aforementioned limitations of fetal tissue engra�ment, stem cell 
derivatives could o�er a viable alternative for the treatment of Parkinson disease 
by either replacing the dopaminergic neurons or by slowing the degeneration 
process and restoring the integrity of the nigrostriatal pathway through the 
release of trophic factors. Importantly, dopaminergic neuroblast-like cells have 
been generated ex vivo from di�erent stem cell sources, including from plu-
ripotent stem cells (hESCs and hiPSCs) by direct �broblast reprogramming, 
from neural stem cells (NSCs) and progenitors from the embryonic ventral 
mesencephalon, and from adult NSCs from the subventricular zone. Preclinical 
engra�ment studies demonstrated that such cells can survive in animal models 
of Parkinson disease and exert bene�cial functional e�ects following cell 
maturation.3 Nevertheless, some properties that are fundamental for successful 
clinical translation have not yet been fully met in animal transplantation trials 
employing human stem cell�derived dopaminergic neurons. Additional chal-
lenges that should be addressed include development of methods to prevent 
the disease process from also destroying the gra�ed neurons (for example, 
engineering the cells to secrete neurotrophic factors) and limiting gra�-induced 
dyskinesia (for example, by minimizing the number of serotonergic neuroblasts 
in the gra�ed tissue). Initial clinical trials using human pluripotent stem cell 
derivatives for Parkinson disease are expected to be initiated in the near future.

Parkinson disease (Chapter 381) involves loss of melanin-containing dopa-
minergic neurons within the substantia nigra pars compacta of the midbrain, 
coupled with accompanying depletion of striatal dopamine. �is cellular loss 
is responsible for the major motor features of the disease. In the search for 
more de�nitive therapy than pharmacology, early reports of cell replacement 
therapy suggested signi�cant improvement in motor function a�er intrastriatal 
implantation of mesencephalic dopamine-rich tissue, obtained from aborted 
human fetuses aged 6 to 9 weeks. Long-term immunosuppressive treatment 
is essential to allow transplanted dopaminergic neurons to develop into their 
full functional potential despite the notion of an immunologic sanctuary within 
the brain. Clinical assessment standards have provided evidence of long-lived 
gra� survival, morphologic and functional integration, and clinical bene�t 
a�er therapy with cells of fetal origin that has lasted up to 10 years or longer 
in some patients. Further progress, however, has been limited by lack of suf-
�cient source tissue to treat a large number of a�ected patients, prohibitive 
variability in functional outcome, reports of serious dyskinesias in a subset of 
treated patients, and ethical considerations.
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component, and it is important to select the most e�cient delivery method 
for any genetic therapy as well as to be aware of the potential adverse e�ects 
of each vector type, thus tailoring the therapy to speci�c clinical considerations. 
�ere are formidable barriers to successful gene transfer, such as crossing the 
cellular membrane, escaping from the endosome, moving through the nuclear 
membrane, and integrating into the host genome. Vectors that have been 
developed to try to overcome these obstacles fall into two broad categories: 
nonviral and viral vectors.

Gene therapy mediated by nonviral vectors is referred to as transfection 
and consists of the direct delivery of naked DNA by injection, the use of 
liposomes (cationic lipids mixed with nucleic acids), nanoparticles, and other 
means. Although nonviral vectors can be produced in relatively large amounts 
and are likely to present minimal toxic or immunologic problems, their major 
shortcoming is ine�cient gene transfer. In addition, expression of the foreign 
gene tends to be transient, precluding their application to many disease states 
in which sustained and high-level expression of the transgene is required. �e 
e�ciency of nonviral vector delivery could be enhanced by the use of di�erent 
physical methods, such as electroporation (for well-circumscribed body com-
partments or masses such as muscle, skin, and tumors), gene gun (for DNA 
vaccination), and ultrasound delivery (for cardiovascular and tumor-related 
applications).

Gene therapy mediated by viral vectors is referred to as transduction, and 
this approach has been the main conduit for transferring genes to human cells 
in most gene therapy trials. �e basic concept of viral vectors is to harness 
the innate ability of viruses to deliver genetic material into the infected cell. 
Viruses used in gene therapy have been modi�ed to enhance safety, increase 
speci�c uptake, and improve e�ciency. However, for each speci�c virus-based 
gene therapy vector, there have been major disadvantages that should be bal-
anced against potential therapeutic bene�ts. For example, in cancer gene 
therapy, the immune response to the delivery vehicle carrying the anticancer 
genetic material can be used to advantage by serving as an adjuvant. In contrast, 
the system for delivery of a gene to be expressed for a prolonged period to 
replace or supplement a missing gene product in monogenic disease states 
should preferably be ignored by the immune system.

Viral vectors are derived from viruses with either RNA (retroviruses and 
lentiviruses) or DNA (adenovirus, adeno-associated virus [AAV], herpes 
simplex virus [HSV] and poxvirus [vaccine virus]) genomes. Viral vectors 
also fall into one of two main categories: integrating vectors, which insert 
themselves into the recipient�s genome, and nonintegrating vectors, which 
o�en (although not always) form an extrachromosomal genetic element. 
Integrating vectors, such as �-retroviral vectors and lentiviral vectors, are gen-
erally used to transfect actively dividing cells, because they are stably inherited. 
Integrating vectors, however, may carry the risk of insertional mutagenesis 
(with clinical oncogenic transformations reported with the use of retroviruses). 
Nonintegrating vectors, such as adenoviral vectors and AAV vectors, can be 
used to transfect quiescent or slowly dividing cells, but they are quickly (in 
the case of adenoviral vectors) lost from cells that divide rapidly. Finally, e�-
cient gene transduction can also be achieved using vectors that are maintained 
as episomes, especially in nondividing cells.

 Diseases Treated by Gene Therapy
Inherited Immunode�ciency
HSCs are the preferred target for ex vivo gene therapy because genetic modi-
�cation of self-maintaining multipotent HSCs would ensure a steady supply 
of their gene-corrected progeny in the body. �erefore, such approaches have 
the potential to treat conditions that manifest when mature hematopoietic 
lineages fail to develop or to function correctly. �e process of HSC-based 
gene therapy involves the initial isolation of these progenitors from the bone 
marrow or peripheral blood using antibodies targeting the CD34 surface 
marker, followed by ex vivo genetic modi�cation using vectors carrying the 
expression casse�e for the corrective transgene. Before the modi�ed cells can 
be administered back to the patient, the recipient is usually treated with a 
preconditioning chemotherapy regimen aiming to deplete endogenous pro-
genitors and to favor engra�ment of the gene-corrected cells.

�e �rst convincing clinical bene�t of gene delivery, in general, and of 
HSC-based gene therapy in particular, was demonstrated in patients with 
inherited immunode�ciencies (Chapter 236). �ese early studies targeted 
two types of severe combined immunode�ciency (SCID) syndromes, both 
of which are characterized by dysregulation of lymphocyte development, as 
well as a third disorder, X-linked chronic granulomatous disease (X-CGD). 
A�ected children with these disorders present with overwhelming infections 
or failure to thrive.

immune system. Since then, tens of thousands of patients have been involved 
in a large number of clinical gene therapy trials performed throughout the 
world. �e most common patient populations targeted in these studies have 
been cancer patients and those with monogenic inherited disorders (E-Fig. 
38-1). Although gene therapy initially was conceived as a way to treat life-
threatening disorders (inborn errors, cancers) refractory to conventional treat-
ment, gene therapy is now being explored for non�life-threatening conditions 
that adversely a�ect a patient�s quality of life.

Although early clinical failures and a number of reported deaths (only two 
of which were actually a�ributed directly to gene therapy) and cases of gene 
therapy�related leukemic transformation led many to dismiss gene therapy as 
hazardous and premature, recent clinical successes have bolstered new opti-
mism in the promise of this discipline.6 �ese include entirely novel initia-
tives in treating primary immunode�ciency syndromes, blood disorders, and 
leukodystrophies; the improvement of vision in patients with retinal disease; 
innovative approaches targeting chronic viral infections (such as HIV); and 
encouraging experimental and clinical results in treating di�erent forms of  
cancer.

Despite these success stories, only a few gene therapy agents are currently 
approved and available. Fomivirsen (Vitravene) is used for the treatment of 
cytomegalovirus retinitis (Chapter 346) in patients with acquired immuno-
de�ciency syndrome (AIDS). In 2012, Glybera became the �rst gene therapy 
treatment to be approved for clinical use in either Europe or the United States. 
Glybera uses a virus injected into a patient to deliver a working copy of a 
gene for producing lipoprotein lipase (LPL) for treatment of the rare inher-
ited disorder of LPL de�ciency. Similarly, the p53 tumor suppressor coding 
sequence in an adenovirus vector is used for the treatment of head and neck 
cancer patients, but is registered only in China. Ex vivo genetic engineering 
of T lymphocytes to express chimeric antigen receptors (CAR-T cells) in the 
treatment of cancer have shown highly encouraging results and have received 
U.S. FDA approval for use in certain hematologic malignancies in children 
and young adults, with more under review (see below). Similarly, in 2016, 
the European Commission granted market approval for ex vivo hematopoi-
etic stem cell (HSC) gene therapy for the treatment of adenosine deaminase 
(ADA)-de�cient severe combined immunode�ciency (SCID). �is therapy 
consists of a single infusion of autologous gene-corrected HSC and is pre-
pared from the patient�s own bone marrow (BM) HSCs, which are genetically 
modi�ed using a gamma-retroviral vector to insert a functional copy of the  
ADA gene.7

 Classi�cations and Mechanisms of Action
In general, somatic gene therapy applications can be divided into those aiming 
to treat or correct various genetic disorders and those targeting nongenetic 
diseases by a�empting to alter cell, tissue, and organ function in a favorable 
manner. According to the World Health Organization, there are more than 
10,000 disorders with monogenic inheritance (h�p://www.who.int/genomics/
public/geneticdiseases/en/index2.html), but only a small fraction of these 
may be amenable to gene therapy. Traditional gene therapy e�orts for inherited 
disorders have mainly focused on the exogenous expression of genes encoding 
the missing or abnormal proteins and to a lesser extent also on altering the 
abnormal gene expression pa�erns. Future e�orts are expected to shi� the 
focus from uncontrolled overexpression of the missing protein to directly 
correcting the mutation at the DNA level (gene-editing strategies) described 
in greater detail below.

For nongenetic disorders, gene therapy e�orts are aimed at overexpressing 
a speci�c protein in an a�empt to favorably alter cellular function (e.g., to 
increase contractility in heart failure by overexpression of proteins related to 
calcium handling), to protect tissue at risk (e.g., in acute kidney injury, see 
Chapter 112), to exert paracrine e�ects through local secretion of speci�c 
proteins by the engineered cells (e.g., to promote angiogenesis in ischemic 
tissues or to induce neurotrophic e�ects in neurodegenerative disorders), and 
even to secrete proteins systemically (e.g., in gene therapy trials a�empting 
to correct bleeding disorders by secretion of coagulation factors or for systemic 
delivery of hormones such as erythropoietin for the treatment of anemia). 
Major e�orts in the gene therapy arena to date have been focused on immu-
notherapeutic approaches to treatment of cancer (see below).

 Gene Therapy Delivery Methods
Gene therapy agents are o�en composed of two elements: (1) the genetic 
material itself (i.e., the DNA expression casse�e [the most common therapeutic 
payload used], short interfering RNA, or an antisense molecule) and (2) the 
vector delivery system. �e la�er is usually the more complex and limiting 
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Adenoviral vectors and retroviral vectors based on Moloney murine leukemia 
virus featured prominently in early gene therapy trials. �ere has been a move-
ment away from both, however, a�er a case of fatality, which was linked to 
the toxicity of the adenoviral vector (used to introduce the ornithine trans-
carbamylase gene in that speci�c study) and the leukemia cases in SCID-X1 
patients (which were linked with activation of LMO2, an oncogene on chro-
mosome 11, due to insertional mutagenesis associated with the murine leukemia 
viral vector). �erefore, these vectors have been largely been replaced with 
AAV and lentiviral vectors respectively, which became the most common 
vectors used in clinical trials today. Other viral vectors may have applications 
in speci�c se�ings. For example, in gene therapy applications being developed 
for pain management, a replication-defective herpes simplex virus vector is 
being used due to its tropism for nerve tissues and di�erent oncolytic viruses 
with a preferential tropism to cancer cells are being used for gene therapy 
applications in cancer.

�e in vivo gene therapy approach, in contrast, involves the delivery of the 
relevant transgene (through the use of various vectors) directly to the targeted 
tissue, followed by the stable or transient expression of the transgene in the 
relevant cells. �e expression of the transgene only in the relevant cells/tissues 
can be achieved by the combination of localized delivery (injection), a par-
ticular tropism of the vector used for the tissue of interest, and the expression 
of the transgene under the control of a cell/tissue-speci�c promoter.

Progress in the �eld of gene therapy has developed into two di�erent strate-
gies: ex vivo and in vivo gene therapy. �e ex vivo gene therapy approach 
(combined cell and gene therapy strategy) involves the initial harvesting of 
cells from a given patient followed subsequently by genetic modi�cation of 
these cells in the laboratory. �e genetically modi�ed cells can then be selected, 
ampli�ed in numbers and returned to the same patient in an a�empt to achieve 
the desired therapeutic e�ect. �is strategy is speci�cally a�ractive for the 
genetic modi�cation of stem cells that could reconstitute the relevant tissues, 
organs, and organ systems following transplantation. �e most prominent 
example is using hematopoietic stem cell gra�s in gene therapy trials for hema-
topoietic disorders.

Phases of Gene Therapy Trials
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E�FIGURE 38�1.  Gene therapy trials. Distribution of the clinical gene therapy trials 
according to clinical indication and trial phase. (Adapted from the Journal of Gene Medi-
cine, 2017.)
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studies in animal experimental models of ischemia were very encouraging, 
leading eventually to several clinical trials. Despite the established proof of 
concept and reasonable safety, however, results of the latest clinical trials on 
therapeutic angiogenesis for myocardial ischemia and CLI have provided 
inconsistent results and the de�nite means of inducing clinically useful thera-
peutic angiogenesis remain elusive. �ese less than optimal results may stem 
from a number of reasons, including the application of a single growth factor 
that may not be su�cient to meet the multifaceted challenge for developing 
e�cient induction of collateral vessels, the need for a more sustained growth 
factor delivery to establish more stable vessels, and the need to target arterio-
genesis rather than angiogenesis to achieve a more signi�cant increase in 
perfusion. �erefore, e�orts in the �eld are moving toward the use of di�erent 
cell therapies for these ischemic conditions, as well as using combined cell 
and gene delivery strategies to achieve be�er outcome. For example, a recent 
elegant approach has utilized a combined delivery of endothelial and smooth 
muscle cells (each cell type modi�ed to secrete a di�erent angiogenic growth 
factor) for CLI patients.

For heart failure, gene therapy trials have focused on restoring the abnor-
mal calcium handling characteristic of failing human cardiomyocytes.11 
Because a reduction in levels of the sarcoplasmic reticulum calcium ATPase 
(SERCA2a), the sarcoplasmic reticulum calcium pump, was found to be a 
key factor in the alteration of calcium cycling in heart failure, this protein 
became an a�ractive clinical target for gene delivery purposes. Overexpression 
of SERCA2a levels by cardiomyocyte gene delivery has led to the restoration 
of the abnormal calcium transients leading to improved cardiac contractility, 
reduction of the frequency of arrhythmias, and improved oxygen utilization 
in animal models with heart failure. As a result, the clinical bene�ts of AAV 
delivery of the SERCA2a transgene via the coronary circulation was shown in 
phase I and II of the Calcium Upregulation by Percutaneous Administration 
of Gene �erapy in Cardiac Disease (CUPID) trials. Unfortunately, a larger 
follow-up study (CUPID-2) A3  failed to demonstrate similar clinical bene�ts, 
most probably due to ine�cient transgene expression in the myocardium. 
�is underscores the challenge of achieving e�ective gene delivery to the  
heart.

Cystic Fibrosis
Experimental protocols for gene therapy for cystic �brosis (CF) (Chapter 
83) have been implemented since 1990. �e cystic �brosis transmembrane 
conductance regulator (CFTR) protein is mutated in patients with CF. Trans-
ducing the epithelium of the nasal and bronchial tree is potentially feasible 
through nonsystemic approaches. Nonviral gene therapy methods that deliver 
a copy of the CFTR gene to the airway of CF patients have been developed. 
Several placebo-controlled clinical trials of liposome-mediated CFTR gene 
transfer to the nasal epithelium have con�rmed its safety and demonstrated 
variable degrees of functional correction. In addition, several clinical studies 
have assessed the potential of retrovectors, adenovectors, and AAV vectors 
for gene therapy for CF. With both nonviral and viral delivery systems, there 
were only mild side e�ects. However, the long-term clinical bene�t has been 
marginal. Improved vectors are being assessed in preclinical studies.

Cancer
One of the most exciting opportunities for gene therapy lies in the cancer 
arena. Gene therapy strategies targeting cancer can be grouped according to 
their proposed mechanisms of action. �ese include gene therapies aiming 
to directly induce cytotoxic e�ects in cancer cells (through the use of oncolytic 
viruses or by the delivery of apoptotic inducers and suicide genes), gene thera-
pies aiming to boost the immune response to tumor antigens, and gene therapies 
targeting the tumor microenvironment.

Direct Cytotoxic E�ects
Oncolytic viruses are therapeutically useful anticancer viruses that will selec-
tively infect, amplify, and then damage cancerous tissues without causing harm 
to normal tissues. Cancer selectivity of the di�erent oncolytic viruses takes 
advantage of defects commonly found across many tumor types, such as lack 
of antiviral responses, activation of Ras pathways, loss of tumor suppressors, 
and defective apoptosis. Oncolytic viruses can kill infected cancer cells in 
many di�erent ways, ranging from direct virus-mediated cytotoxicity through 
a variety of cytotoxic immune e�ector mechanisms.

Beyond the direct viral cytopathic e�ect, viral vectors can be used to deliver 
genes to cancer cells that will result in tumor cell death. �e relevant transgenes 
encode for cellular proteins that are involved in apoptosis or prevent prolifera-
tion. �e selectivity for activation of such genes only in tumor cells is achieved 

SCID patients due to adenosine deaminase (ADA) de�ciency su�er from 
the premature death of T, B, and natural killer (NK) cells as a result of the 
accumulation of purine metabolites. Patients with this condition have been 
treated with vectors expressing the ADA gene. In the �rst patients with ADA-
SCID, transduced T cells expressing the transgenic ADA were shown to persist 
for longer than 10 years; however, the therapeutic e�ect of gene therapy resulted 
in only partial correction of the metabolic defect. More recently, an improved 
gene transfer protocol of bone marrow CD34-positive cells, combined with 
low-dose busulfan, resulted in multilineage, stable engra�ment of transduced 
progenitors at substantial levels, restoration of immune function, correction 
of the ADA metabolic defect, and proven clinical bene�t.

�e X-linked type (X-SCID group), in which there is defective cytokine-
dependent survival signaling in T and NK cells, was shown to be corrected 
by introduction of the wild-type sequence of the common �-C chain, which 
is an essential component of �ve cytokine receptors. Complete reconstitution 
of the immune system, clearing of infections, and gains in growth occurred 
in most of the treated children. In one clinical study, hematologic malignancies 
developed in four patients. However, among the more than 20 patients treated 
in two separate clinical trials, �ve developed acute leukemia-like disease result-
ing in one death. Finally, two adult X-CGD patients who su�ered recurrent 
bacterial infections have been treated with CD34-positive cells transduced 
with gp91 phox, with signi�cant clinical improvement in the short term. 
However, in both of these patients, there was an expansion of gene-transduced 
cells caused by the transcriptional activation of growth-promoting genes leading 
to myelodysplasia (Chapter 172) and gradual loss of e�cacy.

Despite the convincing clinical improvement observed in most patients 
treated with �rst-generation HSC-based gene therapies for immunode�ciency, 
the severe and even life-endangering adverse consequences resulting from 
the random integration of retroviruses have stalled progress in this �eld for 
many years. �e recent development of vectors (such as lentiviral vectors) 
with improved e�cacy and safety in preclinical models, has renewed interest 
in the approach. As a result, HSC gene therapies incorporating these new 
vectors have been successfully tested in severe inherited diseases of the immune 
system (Wisko�-Aldrich syndrome [WAS] and X-linked severe combined 
immunode�ciency [SCID-X1]) and in blood (�-thalassemia) and neuro-
degenerative storage diseases (adrenoleukodystrophy and metachromatic  
leukodystrophy).

Visual Loss
�e remarkable bene�ts that gene replacement can provide to patients with 
severe degenerative diseases were �rst highlighted by retinal gene therapy. 
Clinical scientists have used gene augmentation therapy, with direct subretinal 
injection of a recombinant adeno-associated virus expressing the RPEG5 
transgene, in adults and children with Leber congenital amaurosis.8 �is rare 
inherited eye disease destroys photoreceptors (Chapter 396), and the gene 
therapy results have shown medical evidence of visual preservation despite 
continued retinal degeneration.

Liver
�e liver represents an a�ractive target for direct in vivo gene therapies because 
hepatocytes are robust protein factories that release their products into the 
blood circulation. �erefore, liver gene therapies could provide a strategy for 
treating several inherited metabolic diseases as well as plasma protein de�cien-
cies such as the di�erent coagulopathies (Chapter 165). Because raising cir-
culating coagulation factor levels from less than 1% (in a�ected individuals) 
into the range of 5% may be su�cient for e�ective treatment, liver-directed 
gene therapy has been tested mainly for the treatment of severe hemophilia 
B. In studies using AAV-8 vectors (with speci�c tropism to hepatocytes) to 
deliver the factor VIII or IX transgene, coupled with transient immunosup-
pression (steroids), stable long-term su�cient factor blood levels (6%) were 
observed, resulting in signi�cant clinical improvement.9,10

Cardiovascular and Pulmonary Conditions
Gene therapy e�orts in the cardiovascular �eld have focused on achieving 
therapeutic angiogenesis for patients su�ering from chronic ischemic heart 
disease or from critical limb ischemia (CLI) and for improving cardiac func-
tion in heart failure patients. �e use of genes to revascularize the ischemic 
myocardium due to coronary artery disease (CAD) and CLI due to peripheral 
artery disease (PAD) has been the focus of two decades of preclinical research 
with a variety of angiogenic mediators, including vascular endothelial growth 
factor (VEGF), �broblast growth factor, hepatocyte growth factor, and others, 
encoded by DNA plasmids or adenovirus vectors. Overall, these gene therapy 
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Several viruses such as the Newcastle disease virus (which activates the 
innate or adaptive immune response), reovirus (which activates host protein 
kinases to shut down protein production), and mumps virus have an inherent 
ability to speci�cally target cancer cells and upon virus replication, cause sig-
ni�cant cell death and tumor regression. Other viruses (herpes simplex virus, 
adenovirus, vaccinia virus, vesicular stomatitis virus, and poliovirus) need to 
be genetically engineered to engender oncolytic activity. Genetically engineered 
viruses and inherently antitumor-selective viruses are being tested in early 
and late clinical conditions such as for metastatic melanoma and for di�erent 
brain tumors.
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