Annual Update
in Intensive Care
and Emergency
Medicine 2021

@ Springer



Annual Update in Intensive Care
and Emergency Medicine



The series Annual Update in Intensive Care and Emergency Medicine is the
continuation of the series entitled Yearbook of Intensive Care and Emergency
Medicine in Europe and Intensive Care Medicine: Annual Update in the United States.

More information about this series at http://www.springer.com/series/8901


http://www.springer.com/series/8901

Jean-Louis Vincent
Editor

Annual Update in
Intensive Care and
Emergency Medicine 2021

@ Springer



Editor

Jean-Louis Vincent
Department of Intensive Care
Erasme University Hospital
Universit@ libre de Bruxelles
Brussels

Belgium
jlvincent@intensive.org

ISSN 2191-5709 ISSN 2191-5717  (electronic)
Annual Update in Intensive Care and Emergency Medicine
ISBN 978-3-030-73230-1 ISBN 978-3-030-73231-8 (eBook)

https://doi.org/10.1007/978-3-030-73231-8

" The Editor(s) (if applicable) and The Author(s), under exclusive license to Springer Nature
Switzerland AG 2021

This work is subject to copyright. All rights are solely and exclusively licensed by the Publisher, whether
the whole or part of the material is concerned, speci cally the rights of translation, reprinting, reuse of
illustrations, recitation, broadcasting, reproduction on micro Ims or in any other physical way, and trans-
mission or information storage and retrieval, electronic adaptation, computer software, or by similar or
dissimilar methodology now known or hereafter developed.

The use of general descriptive names, registered names, trademarks, service marks, etc. in this publica-
tion does not imply, even in the absence of a speci c statement, that such names are exempt from the
relevant protective laws and regulations and therefore free for general use.

The publisher, the authors, and the editors are safe to assume that the advice and information in this book
are believed to be true and accurate at the date of publication. Neither the publisher nor the authors or the
editors give a warranty, expressed or implied, with respect to the material contained herein or for any
errors or omissions that may have been made. The publisher remains neutral with regard to jurisdictional
claims in published maps and institutional af liations.

This Springer imprint is published by the registered company Springer Nature Switzerland AG
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland


mailto:jlvincent@intensive.org
https://doi.org/10.1007/978-3-030-73231-8

Contents

Part1 Sepsis

1

Effect of Sex and Gender in Sepsis and Septic Shock:
ANarrative ReVIEW. . . .. ... 3
A. Lopez, I. Lakbar, and M. Leone

Complex Immune Dysregulation in COVID-19 and
Implications for Treatment .......... ... .. ... ... ... ... ... ... ... 15
M. Mouktaroudi and E. J. Giamarellos-Bourboulis

Measuring Vitamin C in Critically Il Patients: Clinical Importance
and Practical Difficulties—Is It Time for a Surrogate Marker? .. ... 25
S. Rozemeijer, F. A. L. van der Horst, and A. M. E. de Man

Controversies on Non-renal Extracorporeal Therapies in
Critically Il COVID-19 Patients. . . ...t 35
S. Romagnoli, Z. Ricci, and C. Ronco

Secondary Infections in Critically 11l Patients with COVID-19...... 43
G. Grasselli, E. Cattaneo, and G. Florio

Part Il Shock

6

Heart Dysfunction in Septic Patients: From Physiology to
Echocardiographic Patterns. . ........... ... oo 55
A. Messina, F. Villa, and M. Cecconi

Non-adrenergic Vasopressors in Septic Shock: Overview
and update. ... ... 67
E. Antonucci, M. Giovini, and Y. Sakr

Pathophysiology and Clinical Implications of the Veno-arterial

Z. Ltaief, A. G. Schneider, and L. Liaudet

Still a Place for Aortic Counterpulsation in Cardiac Surgery
and Patients with Cardiogenic Shock? .......................... 93
M. Heringlake, A. E. Berggreen, and H. Paarmann



Vi Contents

Part 111 The Microcirculation

10 The Clinical Relevance of High-Altitude Microcirculation
Studies: The Example of COVID-19........... ... ... ...
G. Capaldo, C. Ince, and M. P. Hilty

11 Observation of Leukocyte Kinetics Using Handheld Vital
Microscopes During Surgery and Critical lllness .................
Z.Uz, C. Ince, and M. S. Arbous

Part IV Airway and Non-invasive Ventilation

12 Tracheostomy for COVID-19: Evolving Best Practice .............
T. Williams and B. A. McGrath

13 Modernizing Tracheostomy Practice to Improve Resource
Utilization and Survivorship Outcomes .. .......................
G. Hernandez, M. Brenner, and B. A. McGrath

14 Helmet Non-invasive Ventilation in Acute Hypoxemic
Respiratory Failure Dueto COVID-19............. ... ... ......
S. Aldekhyl, H. Tlayjeh, and Y. Arabi

PartVV Acute Respiratory Distress Syndrome

15 Mechanisms of Hypoxemia in the Acute Respiratory Distress
SYNAIOME. . .
I. Marongiu, B. Pavlovsky, and T. Mauri

16 To Prone or Not to Prone ARDS Patients on ECMO. . .............
0. Roca, A. Pacheco, and M. Garc a-de-Acilu

17 Mesenchymal Stromal Cell Therapy in Typical ARDS and
Severe COVID-19 . . .o
F. F. Cruz, P. R. M. Rocco, and P. Pelosi

Part VI Renal Issues

18 Acute Kidney Injury in ECMO Patients ........................
M. Ostermann and N. Lumlertgul

19 Management of Acute Metabolic Acidosis in the ICU: Sodium
Bicarbonate and Renal Replacement Therapy ...................
K. Yagi and T. Fujii

20 Critically Il Patients with Acute Kidney Injury: Focus on
NULHItION. .. o
L. Foti, G. Villa, and S. Romagnoli



Contents

Vii

Part VIl Acute Brain Injury

21

22

23

Carbon Dioxide Management in TBI: From Theory
TOPractice ... ... ...
E. Rossi, L. Malgeri, and G. Citerio

Monitoring and Modifying Brain Oxygenation in Patients at
Risk of Hypoxic Ischemic Brain Injury After Cardiac Arrest
M. B. Skrifvars, M. Sekhon, and A. " neman

ICU Delirium in the Era of the COVID-19 Pandemic. .. ....
K. Kot s, J. E. Wilson, and E. W. Ely

Part VIII Emergencies

24

25

Advanced Management of Intermediate-High Risk
Pulmonary Embolism............ .. ... .. ... ..
T. Weinstein, H. Deshwal, and S. B. Brosnahan

Enhancing Non-1CU Clinician Capability and ICU Bed
Capacity to Manage Pandemic Patient Surge .............
H. Bailey and L. J. Kaplan



Abbreviations

AKI
APACHE
ARDS
CovID
CRP
CRRT
CSF
DOZ
ECMO
GCS
ICU
IFN

IL

LV
MAP
NO
NOS
PEEP
RBC
RCT
RRT
RV
SARS-CoV-2
SOFA
TBI
TNF
VAP

Acute kidney injury

Acute Physiology And Chronic Health Evaluation
Acute respiratory distress syndrome
Coronavirus disease

C-reactive protein

Continuous renal replacement therapy
Cerebrospinal uid

Oxygen delivery

Extracorporeal membrane oxygenation
Glasgow Coma Scale

Intensive care unit

Interferon

Interleukin

Left ventricular

Mean arterial pressure

Nitric oxide

Nitric oxide synthase

Positive end-expiratory pressure

Red blood cell

Randomized controlled trial

Renal replacement therapy

Right ventricular

Severe acute respiratory syndrome coronavirus 2
Sequential organ failure assessment
Traumatic brain injury

Tumor necrosis factor
Ventilator-associated pneumonia



Part |

Sepsis

webofmedical.com



®

Check for
updates

Effect of Sex and Gender in Sepsis 1
and Septic Shock: A Narrative Review

A.Lopez, |. Lakbar, and M. Leone

1.1 Introduction

Most diseases are expressed differently in men and women. While nearly 80% of
cases of autoimmune disease occur in women, cancer is more frequent in men. This
sexual dimorphism effect is also present in infectious diseases [1], which are one of
the leading causes of mortality in the world.

In the intensive care unit (ICU), sepsis and septic shock are frequent and still
have high mortality rates, reaching 45% for patients with septic shock [2]. Patient
outcomes seem to rely on different phenotypes [3]. Sexual dimorphism could be
approached as a rst step in the personalized management of septic patients.

In this narrative review, we describe sex differences in infectious diseases in
patients admitted to the ICU.
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1.2  Epidemiology

Men are more likely to develop infectious disease than women, with a mean annual
relative risk (RR) of 1.28 (95% con dence interval [CI] 1.24-1.32) [4]. Over the
last decade, large-scale studies have reported a higher incidence of sepsis in men
than in women [4]. To understand the extent of this challenge, one should know that
the number of men admitted to the ICU for sepsis and septic shock is higher than the
number of men admitted to the ICU for other medical reasons [5]. Despite this nd-
ing, a multicenter study did not nd any differences in patient sex on the decision to
admit to the ICU [6].

1.2.1 Source of Infection

Epidemiological studies suggest different susceptibility to infectious diseases
according to sex (Fig. 1.1). Men are more likely to have lower respiratory tract
infections than women [7], whereas sinusitis and tonsillitis occur more frequently
in women than in men because of differences in respiratory tract anatomy [8].
Men are overrepresented among patients with severe bloodstream infections,
with a relative risk of 1.3 (95% CI 1.1-1.6, P < 0.05) [9], and among patients

h

Bloodstream

infection
Respiratory tract Gastrointestinal tract
infection infection
- E E E O O S O = = --. i BN B W = O = O O = = .
Bone infection Skin infection

Genital and urinary tract
infection

Fig. 1.1 Differences in source of infection according to sex
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Table 1.1 Differences in sex distribution according to source of infection

Source of infection Common causative bacteria More frequent in
Respiratory tract Streptococcus pneumonia Men
Chlamydophila pneumoniae
Legionella spp.
Mycoplasma pneumoniae
Mycobacterium tuberculosis
Pseudomonas aeruginosa
Acinetobacter baumanii
Bloodstream Escherichia coli Men
Staphylococcus aureus
Coagulase-negative staphylococci
Streptococcus pneumonia
Klebsiella spp
Gastrointestinal tract Salmonella typhi Men
Helicobacter pylori
Yersina enterocolitica
Escherichia coli
Enterobacteria
Enterococcus faecalis, Enterococcus
faecium
Urinary tract Escherichia coli Women
Enterococcus spp.
Staphylococcus saprophyticus
Klebsiella pneumonia

with digestive infections [10], probably in relation to differences in dietary and
hygiene behavior between men and women. However, an animal study showed
that the female intestinal mucosa was more resistant to hypoxia and acidosis than
that of males and that the production of pro-in ammatory markers was increased
in males. This production was decreased after administration of utamide, a tes-
tosterone antagonist [11].

In contrast, women are more likely to develop urinary and genital tract infections
than men. Differences in anatomy, physiology, and cell biology of the lower urinary
tract may explain this nding. Moreover, the urinary microbiome and hormonal
regulation may amplify the rate of urinary and genital tract infections in the female
population [12]. Table 1.1 summarizes this sexual dimorphism in source of infection.

1.2.2 Sepsis and Septic Shock

Population-based cohort studies have identi ed an increase in the incidence of sep-
sis over time, probably due to an improvement in clinical diagnosis after the new
Sepsis 3 de nitions, but also to an increasing proportion of frail patients in the
population [13]. In a recent review [14] of large multicenter studies, 54-61% of
patients admitted to the ICU for sepsis or septic shock were men. Offner et al. iden-
ti ed male sex as an independent risk-factor for severe infections after trauma (odds
ratio [OR] 1.58 [95% CI 1.01-2.48], P = 0.04) [15].
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As the production of sex hormones evolves with aging, age interferes with the
relationship between sex hormones and infectious diseases. In children, most stud-
ies show that sepsis distribution is similar in boys and girls. In adults, the widest
difference in sepsis incidence between the sexes occurs between 25 and 30 years of
age [16]. However, a small difference between male and female patients is still
observed at extreme ages [16]. In elderly patients, sepsis tends to affect women at
older ages than men [4].

1.2.3 Sepsis and Shock Septic Outcomes

Sepsis and septic shock are a worldwide public health problem. Sepsis involves life-
threatening organ dysfunction, and has a global incidence of almost 50 million
cases per year worldwide, with a mortality rate of nearly 20% [16]. In a meta-
analysis, the frequency of septic shock was estimated at 10.4% for patients diag-
nosed at ICU admission and 8.4% for patients diagnosed at any time during an ICU
stay [17]. In general, women seem to have better clinical outcomes than men, who
have longer ICU and in-hospital lengths of stay [18]. A retrospective analysis of a
large clinical database reported that male patients with sepsis were more likely to
require mechanical ventilation (P = 0.012) and vasoactive agents (dopamine
[P = 0.113], norepinephrine [P = 0.016], and epinephrine [P = 0.093]) during an
ICU stay than women [18]. Men are also more likely to develop acute kidney injury
than women [19].

All-cause ICU mortality and in-hospital mortality rates for septic shock are 37%
and 39%, respectively [17]. In terms of differences according to sex, contrasting
evidence is reported. Most epidemiological studies do not show sex differences in
terms of sepsis-related deaths [20]. In a retrospective analysis of patients admitted
to a polyvalent ICU, a higher mortality rate was found in older women with sepsis
than in men [21]. However, age confounds the relationship between sex and mortal-
ity. In European countries, the median age at death in men in 2015 was 78 years,
compared with 83 years in women [22]. Men are at higher risk of dying from major
trauma, cancer, and cardiovascular diseases than women [1]. This can affect the

ndings associated with sepsis mortality.

1.2.4 Coronavirus Disease 2019 (COVID-19)

Another sexual dimorphism has recently been illustrated in ICUs around the world,
with men developing more severe forms of severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) infection than women. Men have been reported to be
almost three times more likely to be admitted to the ICU with SARS-CoV-2 infec-
tion than women (OR = 2.84; 95% CI 2.06-3.92) [23], although this study was
unable to adjust the data for sex differences in comorbidities. In a cohort of 1522
ICU patients, Moiseev et al. reported higher mortality rates in men over 50 years of
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age than in women of the same age, although women had a higher occurrence of
chronic diseases and comorbidities [24]. Therefore, sex disparities in disease sever-
ity may be explained by immune, hormonal, and chromosomal differences rather
than by differences in comorbidities. Women exhibit higher CD4 T-cell counts and
higher type I interferon (IFN-I) serum concentrations than men during viral disease
[25]. IFN-1 is believed to play a critical role in the immune response to SARS-
CoV-2 infection [26]. On the other hand, estradiol reportedly stimulates humoral-
mediated immune responses and increases the production of antibodies [26]. With
respect to chromosome-bias differences, SARS-CoV-2 binds to angiotensin-
converting enzyme 2 (ACE-2), a protein encoded by X chromosome genes. Since
ACE-2 is expressed differently in men and women, this may partly explain the lack
of protection against SARS-CoV-2 in men [27].

1.3  Mechanisms Underlying Sex Differences
1.3.1 Animal Models

The effect of sexual dimorphism on infection has been determined by comparing
males and females before and after castration. Males are less resistant to the
development of endotoxic shock than females. The castration of males prevents
this sexual dimorphism, but ovariectomy has no effect. The survival rate of
females is higher than that of males and ovariectomized females in cecal ligation
and puncture models [28]. In murine models, pro-in ammatory cytokines are
higher in male than in female mice. In a murine model of intra-abdominal sepsis
caused by injection of endotoxin, exogenous estradiol prevented organ oxidative
damage [29].

Hence, sexual dimorphism reported in epidemiological studies is con rmed in
experimental models of infection. A similar pattern has been found for most intra-
cellular bacteria. Leone et al. showed that male and ovariectomized mice infected
by Coxiella burnetii exhibited higher rates of tissue infection than female mice [30].
The susceptibility of male and ovariectomized female mice to Mycobacterium
avium-intracellulare infection and resultant mortality were higher than those of
females [31].

1.3.2 Sex Hormones

Merkel et al. showed excess mortality after induction of sepsis in ovariectomized
female rats, which was corrected by the administration of estradiol; treatment with
estradiol reduced mortality from 80% to 50% [32]. Female sex hormones seem to
have a protective role and androgens an immunosuppressive action [1]. In animal
models of infection, an immunosuppressive effect of androgens has been observed,
resulting in worse outcomes in males [1].
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Unfortunately, the picture at the bedside is more complex, with dual effects of
sex hormones according to their concentrations. In the ICU, a high serum estradiol
concentration is associated with increased mortality [33]. In elderly patients with
infections, mortality is associated with elevated estradiol concentrations in both
sexes [34]. At variance with previous studies, elevated testosterone concentrations
were found in women who did not survive [34].

1.3.3 Chromosomes

The X chromosome supports not only many genes that affect sex hormone levels but
also genes involved in the immune response. The X chromosome, X-linked genes,
and X chromosome inactivation mechanisms contribute to male susceptibility to
infectious diseases [35]. This observation arises from studies in autoimmune dis-
eases. For example, an autoimmune female predisposition is found in systemic
lupus erythematosus; indeed, the interleukin receptor-associated kinase 1 enzyme
(IRAK-1), encoded by the X chromosome, is a risk factor for the occurrence of the
disease [36]. In genetic chromosomal pathologies, there is a decrease in circulating
T and B lymphocytes in Turner syndrome (45, X), but the opposite is noted in
Klinefelter syndrome (47, XXY). Men with lowered serum testosterone concentra-
tions exhibit immunoglobin levels close to those of healthy women [37]. In an
experimental study on Drosophila melanogaster, X chromosome genes involved in
the immune response were found to have a role in regulating bacterial load [38].
This can be a selective advantage for the female sex in the immune response to
infection. The inactivation of the X chromosome during embryonic development in
women is not complete, because 10% of the genes are not inactivated. Thus, this
genetic dimorphism may give women a natural advantage over men in ghting
infections.

1.3.4 Immune Response

Immune functions are affected by a speci c sex response. Male and female lym-
phocyte cells possess sexual hormone receptors on their surface, which work as
nuclear transcription factors [39]. Estrogens directly stimulate B-lymphocyte cells
and antibody production. This explains the greater humoral immune response with
higher levels of immunoglobins in women than in men [40]. Androgen receptors
have also been described on the surface of immune cells. Testosterone reduces
natural killer (NK)-lymphocyte cell activity and the production of pro-in amma-
tory cytokines by inhibiting the nuclear factor-kappa B (NF-kB) pathway.
Testosterone has a negative control on Thl differentiation, decreasing the produc-
tion of IFNy and tumor necrosis factor (TNF)-a, and increasing susceptibility to
bacterial infection. Animal studies have observed a negative effect of testosterone
also on the development of B-lymphocyte cells and thus on the development of
antibody production [41].
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1.3.5 Behavioral Factors and Gender Dimorphism

Exposure to pathogens and different social behaviors may interfere with the effect of
sex in explaining differences between men and women. For a long time, smoking was
more prevalent in men than in women [42] and was associated with an increased risk
of respiratory diseases and infection [43]. Observational data may not discriminate
between male groups and smoker groups among patients at high risk of infection;
thus, the increased rate of infected men may be due to a higher prevalence of smokers
among men than in women. This underlines the need for experimental investigations
looking at the role of sex hormones in the process of infectious diseases.

Lifestyle is also in uenced by gender. In a population of 761 adolescents, young
girls did less physical exercise and had lower physical and psychological well-being
but higher vegetable consumption and greater satisfaction from an educational context
[44]. Such stereotypes may in uence behavior and affect susceptibility to infection.

Gender inequalities also exist regarding access to healthcare. The prevalence of
perceived unmet health care is signi cantly higher in women than in men. In 2019,
the #LancetWomen movement was created to promote sex equality worldwide and
highlight the inequalities in science, medicine, and global health between men and
women [45].

In summary, the term “sex’ concerns biological features, chromosomes and hor-
mone expression, whereas ‘gender’ refers more to social roles and human behavior
(Fig. 1.2); both can in uence the susceptibility and response to sepsis.

GENDER SEX

Social roles and behaviors
(food, sport, work, access to care)

Biological features, chromosomes,
hormonal expression, and anatomy

2

-
‘W

Fig. 1.2 Differences between gender and sex
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1.4  Therapeutic Strategies and Sex Inequalities

Physicians should consider sex differences as the rst step toward personalized
management patient in sepsis. In an observational study on tuberculosis, women
had a signi cantly longer delay before diagnosis and introduction of speci ¢
treatment [46]. In contrast, men had worse outcomes because of lower sputum
culture conversion and higher mortality rates despite speci ¢ treatment [47].
These ndings re ect a sexual dimorphism in patient management. In patients
with septic shock, intravenous antimicrobials should be introduced as soon as
possible after diagnosis [2]. However, the DISPARITY-II study found a delay of
31 min before antimicrobial onset in septic women compared with men after rec-
ognition of infectious sources [48]. This nding is in line with a nationwide cohort
study, in which swifter diagnosis and shorter time to antibiotics were noted for
men, without a signi cant difference in ICU nursing workload [49]. These nd-
ings justify the implementation of preventive protocols to reduce sex inequalities
in health and wellbeing from an early age [45]. Finally, pharmacokinetics differs
in men and women. In healthy volunteers, the median elimination half-life of
Ringer’s acetate was shorter in women than in men [50]. In animal studies, car-
diac dysfunction during sepsis has been described in both sexes, but was more
marked in male mice. Mathieu et al. compared the performance of landiolol, a
short-acting beta-blocker, to prevent deleterious cardiac damage in male and
female septic mice [51]. There were signi cant differences, with a dual effect
being highlighted in males and females: whereas cardiac performance was
improved in the male rats treated with landiolol, the treatment was deleterious in
females. A sexual dimorphism of beta-receptors was described on tissue analysis
[52]. This was related to sex hormones, because ovariectomy corrected this dele-
terious effect (personal data).

Regarding the effect of adjunctive corticosteroids during septic shock, hydrocor-
tisone decreased the ICU length of stay and duration of mechanical ventilation in
men compared to women, but no signi cant differences were found for outcomes,
support therapy, or health-related quality of life [53]. It is still too early to direct
therapy based on these ndings; further multicenter studies are necessary.

15 Conclusion

Male sex predisposes to developing sepsis and septic shock. This difference between
men and women seems to get worse until the onset of menopause in females, sup-
porting a strong role for sex hormones. By contrast, the mortality of patients with
sepsis is not affected by sex, probably because age confounds this outcome.
Knowledge of sexual dimorphism mechanisms may offer an opportunity to person-
alize the management of patients with sepsis according to their age and sex.
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