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Muc tiéu
A/ Suy ho hip ,
- Hiéu dugc sinh ly bénh va phan loai suy ho hap.
- Phén tich dugc suy ho hap trén khi mau dong mach.

B/ Thang bang kiém — toan ‘ ‘
- Hi€u dugc sinh ly thang bang toan — kiém.
- Phén tich dugc cac dang rdi loan toan — kiém.
- Phan tich dugc nguyén nhéan giy r6i loan toan — kiém.

A/ Tiép cén tinh trang suy hé hip
Ha Oxy mo6 (Hypoxia) va tang CO2 mau (Hypercapnia)
1. Giai phiu va sinh ly
e Trao d6i khi ¢ phoi (Pulmonary Gas Exchange) 13 O: di
chuyén tir khi quyén vao mau va CO» tir méau vao khi quyén.
Dién ra tai phé nang (Alveoli) va mao mach (Capillary)
bang cach khuéch tan (Diffuse).

Upper lobes Respiratory

/A\ Capillaries bronchiole

Alveolar

\ 9 \
P )
duct
‘ !
#

- c\. ?0

02 and COy transfer
occurs at the alveolar-
A B capillary membrane

Middle lobe

Lower lobes

Figure 1 Respiratory anatomy.
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o Ap suat riéng phan (Partial Pressure) Khi mau dong mach
(ABGs) s& gitip ta danh gia hiéu qua cua trao d6i khi bang
cach do ap sudt riéng phan (Partial Pressure) ctiia Oz va
CO; trong méau dong mach. Ap suat riéng phan 13 ap suat cta
ting loai khi trong hon hop khi.

Key point
Po2 14 4p suét riéng phan ctia Oxy.
PaO: 13 ap suat riéng phan cua Oxy trong mau dong mach.

Khi di chuyén tir noi c6 ap suat cao dén noi c6 ap suét thap. Tai mang
phé nang — mao mach, khi & phé nang c6 Po2 cao va Pcoz thap hon
mao mach, nén O: di chuyén tir phé nang vao mau va nguoc lai, CO»
di chuyén tir mau vao phé nang.

Chu y vé 4p suat khi
- Muc nudc bién, ap suat ctia khi quyén 1a 760 mmHg
- 02 chiém 21% trong khong khi, do d0, 4p suét riéng phan cia
02 (Po2) trong khong khi 1a 21% x 760 = 160 mmHg
- CO:> chi chiém phan nho trong khong khi nén bo qua.

e Thong khiphé nang (Alveolar Ventilation) Pao thai CO>
ra khoi co thé phll thuC)c vao thong khi phé nang (Alveolar Ventilation), thé
hién cho viéc khong khi duoc dua dén vung trao d6i khi
trong mdi hoi tho.

o Vi du trong mdi hoi thd chira 500 mL khi, trong d6 c6
150 mL thudc khoang chét (1a vung thudc h¢ ho hép, chura
khi, nhung khong trao d6i khi véi mau).
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= Téng thong khi Vi la thong khi
» V=Vrxf phé nang

" V=500x15="7500 mL/phit zhllir:hfhzgz
= Vay thong khi phé nang

" Va=(Vr-Vp)xf Z;Detla khoang

= Va=(500-150) x 15 =5250 mL/phut. L

= Ting vé d sdu cua hoi tho. Flatn 0

= Ting l4n Va va V vi khoang chét 13 hang dinh.

= Néu ta thd sau, tir 500 mL 1én 700 mL thi tong thong
khi taing 200 mL va thong khi phé nang ting 200 mL
moi nhip tho.

= Ting vé tan so thé

= Tang V nhiéu hon Va.

= MOi lan hit vao, thé tich khi hit vao a 500 mL nén
tong thong khi (V) ting 500 mL nhung thong khi phé
nang chi ting 350 mL (vi 150 mL & khoang chét).

Tidal Volume Rate Total Ventilation
Person A 600 mL 10/min 6,000 mL/min
Person B 300 mL 20/min 6,000 mL/min

= Nguoi A thong khi phé nang tot hon nguoi B. Vi
ngudi B thé nhanh nong, mic du tong thong khi binh
thuong nhung thong khi phé nang lai giam do 150 mL
& khoang chét, do d6, ngudi nay 13 giam thong khi
(Hypoventilation).

o Théng khi dugc diéu hoa boi trung tim hd hap nim &
than nio chira hoa thy thé nhay vé1 PaCQOas, néu bat
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thuong trung khu ho hap sé diéu chinh tin so va d siu
cua hoi tho.

o Binh thuong, phoi ¢ thé duy tri PaCO> binh thudng, mic
du trong tinh trang ting san xuat CO2 nhu nhiém khuan.
Do do, tang PaCO; luén ludén am chi la gidm thong khi
phé nang.

Key point: PaCO; dwgc diéu hoa béi thong khi va mire do thong
khi dwgc diéu chinh dé duy tri PaCO: trong gi6i han cho phép.

y Paco; = ¥Ventilation
v Paco»
Respiratory centre - CO,
7

— CO;
\/!'
AN

Accessory muscles CO,

O\aphl’agm\

Figure 2 Control of ventilation.
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O bénh nhén ting PaCO> man, nhitng receptor xac dinh nong do
CO: c6 thé tré nén kém nhay cam. Do d6, co thé s& dua vao nong
d6 PaO» dé xac dinh rang co thé c6 thong khi day du khong. Va
PaO; thap 1a tac nhan kich thich thong khi chinh. D6 goi 1a Hypoxia
Drive.

O nhitng bénh nhan dwa vao Hypoxia Drive, néu diéu chinh qua

murc viée thiéu O2 mau (Hypoxemia) bang viéc cung cap Oz, c6 thé
dan dén ngung thong khi, nén PaCO: tang rat manh. Do d6, & bénh
nhan ting PaCO, man, can b6 sung Oz c6 kiém soat bang cach theo
ddi ABG. Diéu nay khong ap dung cho bénh nhéan ting PaCO> cap.

e Do bao hoa Oz mau (So2)

o Hau hét phan t Oz trong mau déu dugc van chuyén boi
Haemoglobin. Do d6, lugng O: trong mau phu thude
vao 2 yéu to.

o Nong do Haemoglobin xac dinh bao nhiéu O trong
mau c6 thé van chuyén.

o Do bio hoa ciia Hb véi O2 13 phan trim vi tri bam cia
Hb chtra O».

Mot ghi cha vé Pulse Oximetry

Sao2 ¢ thé do duoc bang Pulse Oximetrygin vio ngon
tay hodc dai tai. Trong hau hét cases, nd cung cap day du
thong tin dé danh gia Ox, nhung s& khong chinh xac khi
do bao hoa < 75% va khong dang tin cay khi twéi mau
kém. N6 khong cung cap thong tin vé PaCO», do do,
khong thé thay thé ABG trong danh gia suy giam thong
khi.
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0, bound to Hb (99%)

Figure 3 Relative proportions of free O, molecules and O, molecules bound
to haemoglobin in blood.

Haemoglobin Free oxygen  Bound oxygen
molecule molecule molecule

Haemoglobin Haemoglobin Haemoglobin
100% saturated 75% saturated 50% saturated
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Key point: Poz khong do duoc lugng Oz trong mau, SaO> va Hb xac
dinh néng do Oz trong méau dong mach.

e Dwong cong phan ly OxyHaemoglobin
(OXYHAEMOGLOBIN DISSOCIATION CURVE)

o Poz ¢ thé duoc xem 1a dong luc dé phan tir O2 bam vao
Hb, nhu vay Po2 diéu chinh Soz. Po2 cang cao thi So2
cang cao, tuy nhién, n6 khong phai 1a tuyén tinh (nghia
la khong phai cang tang Po2 thi Soz cang tang). Duong
thang mau xanh “dang phang cua duong cong” nghia la
thay d6i Poz & duong thang nay s& c6 anh hudng rat it
dén Soa. Nguoc lai, dudong thing mau do dugc xem la
“phan dbc cua dudng cong” nghia 1a thay doi nho cua
Pos s& anh huong 16n dén Soo.

WLl Curve shifts to left when:
ApH, § Pcoy,
ytemperature,
80 - ¥2,3-DPG
3
s Curve shifts to right when:
= 60
g V¥pH, 4 Pacoz,
3 AMemperature,
gz 42,3-DPG
40 -
3
=
==
==
20 -
0 T T T T ik T
: ? 1 P 1 I5 29 8|0 Po, kPa
37.5 75 112.5 150 600 Po;mmHg

Figure 5 Oxyhaemoglobin dissociation curve. The curve defines the
relationship between PO, and the percentage saturation of haemoglobin
with oxygen (S0,). Note the sigmoid shape: it is relatively flat when PO is
greater than 80 mmHg (10.6 kPa) but steep when PO, falls below 60 mmHg
(8 kPa). 2,3-DPG = 2,3-diphosphoglycerate.
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Key point: Po2 khong phai 1a lugng Oz trong méau, nhung n6 tac dong
dén viéc gan O vao Hb. Khi Hb dat do bao hoa O: tdi da, thi viéc ting
Poz khong lam tang luong Oz trong mau.

e Théng khi phé nang va PaO;
o Pa0; diéu hoa Sa0..
o 3 tac nhan diéu hoa PaOs,

= Thong khi phé nang (d4 nhic ¢ trén)

= Tilg V/Q

- Tudng tuong nhu 13 mdt ving phé nang ¢ phoi khong dugc
thong khi tt (do xep phdi hodc dong dic phoi). Mau di chuyén
qua phé nang d6 sé& khong dugc trao d6i khi va trd vé hé tuan
hoan véi mau it Oz va nhiéu CO» hon binh thuong. D6 1a Shunt
(c6 mau nhung khong c6 khi. Khoang chét 13 c6 khi nhung
khong c6 mau).

- Bang cach ting thong khi, chtng ta c6 thé dao thai nhiéu CO»
hon & phé nang con tac dung. Piéu dé duy tri PaCO..

- biéu tuong tu khong xay ra voi Oxy. Mau di chuyén dén “phé
nang t6t” khong thé mang nhiéu O di dugc vi Hb di bao hoa toi
da. Do do, PaO; giam trong Shunt.

- Key Point: V/Q mismatch lam cho mau nghéo O> tré vé hé tuan
hoan, nén giam PaO» va Sa0». Vi thong khi phé nang duoc duy
tri, nén V/Q mismatch khong lam tang PaCO..

Nguyén Qudc Huy 23/05/2019 Page 10



Khi mau dong mach

Exhaled Exhaled TP, O Toor5 7
CO, CO, Tissue CO, <> Tissue CO, <>

Inhaled Inhaled
)
M Ventilation | Unventilated
nventilate
alveoli
002 002 ng

So,
75%

\ / \
W A\

4 0 } b (arterial)
co, CO, = CO,
CO, constant Tissues CO, constant S0, 100% Tissues

Figure 7 Effect of shunt on oxygen and carbon dioxide. > Exhaled Exhaled

o Nong d6 O trong khi tho (FiO2)

- FiOz khi phong 14 21%, c6 thé ting khi cung cép Oo.

- PaO; thap khi V/Q mismatch va thong khi khong di, va ting
FiO2 s& cai thién PaO.. FiO2 can cung cip dua vao muc do Oxy
bi 1i loan va né quyét dinh phuong phap cung cip Oxy thich
hop. Khi nguyén nhan 1a do thong khi khong du, ting FiO2 s€
khong cai thién PaCOa.

Oxygen delivery devices

Nasal prongs: Fio: < 40%. Comfortable and convenient. Fio, non-specific:
depends on flow rate (1—6 L/min) and ventilation.

Standard face mask: Fio. 30-50% at flow rates 6—10 L/min but
imprecise. May cause CO:. retention at flows less than 5 L/min
(rebreathing) and, therefore, not useful for providing lower Fio,.

Fixed performance (high-flow) face mask: Fio. 24-60%. Delivers fixed,
predictable Fio,. Ideal for providing controlled, accurate O, therapy at low
concentrations.

Face mask with reservoir: Fio. 60-80%. Can achieve even higher
Fio- with a tight-fitting mask. Useful for short-term use in respiratory
emergencies.

Endotracheal intubation: Fio, 21-100%. Used in severely unwell patients
with very high Oz requirements, especially in patients with ventilatory failure.
The patient is sedated and mechanically ventilated.
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Nasal prongs Fixed performance mask

Variable performance mask Mask with reservoir

Figure 8 Oxygen delivery devices.

2. Roéi loan trao d6i khi
Ha Oxy mé6 (Hypoxia), ha oxy mau (Hypoxemia), va Impaired
Oxygenation.

o Ha Oxy mé dugc dinh nghia 13 bat ky tinh trang nao lam cho
mo khong nhan di Oxy dé chuyén héa hiéu khi. Co thé 1a
do ha Oxy mau hodc roi loan tudi mau mod (Ischemia: thiéu
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mau cuc bd). Lién quan dén viéc nhiém toan Lactic vi té bao
chuyén hoa yém khi.

o Ha Oxy mau 1a bat ky tinh trang ndo ma Oxy trong mau
dong mach giam. C6 thé 1a do Impaired Oxygenation, thiéu
mau (Anemia) hodc giam ai luc cia Hb vai O2 (Ngd doc
CO).

o Impaired Oxygenation 1a giam Oxy mau do roi loan van
chuyén O; tir phoi vao mau. Pugc xac dinh khi PaO: < 80
mmHg.

Can phai phan biét giita Impaired Oxygenation (din dén Ha Oxy
mau) va Inadequate Oxygenation (din dén Ha Oxy mo). Vi du nhu
bénh nhan PaO; < 60mmHg, nghia la bénh nhan nay c¢6 Impaired
Oxygenation, nghia 14 ¢6 rdi loan chic ning ho hap. Tuy nhién, SaO>
> 90% vi Hb va cung luong tim binh thudng, du lugng Oxy dén mo.

All tissues
(shock)
HYPOXIA Ischaemia
(cells not getting —> (not enough
enough Oy) biaod) Specific tissues
(e.g. myocardial
infarction)
Hypoxaemia
(not enough O,
in blood)
Haemoglobin Low haemoglobin Low Pao;
unable to carry O, (anaemia) (impaired
(e.g. CO poisoning) oxygenation)

Figure 9 Causes of hypoxia.
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e Suy ho hap type 1

o Pa02 thap va PaCO: c6 thé thap hodc binh thuong do

tang bu bang cach tang thong khi.

o Nhé dudng cong phan ly Oxy, PaO» giam dén 60 mmHg

s€ anh hudng it SaO2, nhung khi gidm qua 60 mmHg, thi
Sa0: s€ gidm nhanh chong.

Curve shifts to left when:
ApH, ¥ Pcoy,

ytemperature,
80 - ¥2,3-DPG

Curve shifts to right when:

&
@,
c
.o =
= 60 ¥PH, 4Pacoy,
§ Memperature,
32 42,3-DPG
40
3
e
o
=
20
0- T T T T it T
9 . 1|0 1|5 ZP 8|O Po, kPa
0 37.5 75 1125 150 600 Po,mmHg

Figure 5 Oxyhaemoglobin dissociation curve. The curve defines the
relationship between PO, and the percentage saturation of haemoglobin
with oxygen (S0,). Note the sigmoid shape: it is relatively flat when PO, is
greater than 80 mmHg (10.6 kPa) but steep when PO, falls below 60 mmHg
(8 kPa). 2,3-DPG = 2,3-diphosphoglycerate.
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o Muyc tiéu diéu tri 12 duy tri PaO2 va SaO> bang cach bo
sung O> va diéu tri bénh nén

Box 1.3.1 Common causes of type 1 respiratory impairment*

Pneumonia Acute asthma

Pulmonary embolism Acute respiratory distress syndrome
Pneumothorax Fibrosing alveolitis

Pulmonary oedema Chronic obstructive pulmonary disease

*The usual mechanism is V/Q mismatch; however, some conditions (e.g. alveolitis)
impair diffusion of gases across the alveolar capillary membrane.

Table 1.3.1 Assessing severity of type 1 respiratory impairment

Mild Moderate Severe
Pao, (kPa) 8-10.6 5.3-7.9 <5.3
Pao, (mmHg) 60-79 40-59 <40
Sao, (%) 90-94 75-89 <75

Other markers of severe impairment

¢ High Fio, requirements to maintain adequate Pao,

e Lactic acidosis (indicating tissue hypoxia)

¢ Organ dysfunction (drowsiness, confusion, renal failure,
haemodynamic collapse, coma)
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e Suy hé hap type 2

o PaCO;cao do thong khi khong dii nén PaO; thap.

o Tang PaCO> cap tinh s& lam tich trit Acid trong mau (toan
h6 hap). Tang PaCO, man s& lam ting HCO3™ do bu trir
bdi than.

o Cung cap Oxy giup cai thién tinh trang Ha Oxy mau
nhung khong cai thién tinh trang PaCO,. Piéu tri nén
huéng dén cai thién thong khi (thong dudng thé, hd trg ho
hap,...). B6 sung Oxy qué mirc & bénh nhan ting PaCO»
man c6 thé 1am tinh trang suy hd hap ning hon (d3 nhic ¢
trén).

o Vi Pulse Oxymetri khong cung cap théng tin PaCO», nén
n6 khong thay thé ABG trong viéc theo ddi suy ho hap
type 2.

Table 1.3.2 The ABG in different patterns of type 2 impairment
Paco, HCO, pH
Acute T - !
Chronic T T N
Acute on chronic T T !

Box 1.3.2 Common causes of type 2 respiratory impairment

*May lead to either type 1 or type 2 respiratory impairment.

Chronic obstructive pulmonary disease® Opiate/benzodiazepine toxicity
Exhaustion Inhaled foreign body

Flail chest injury Neuromuscular disorders
Kyphoscoliosis Obstructive sleep apnoea

Nguyén Qudc Huy 23/05/2019

Page 16



Khi mau dong mach

Box 1.3.3 Clinical signs of hypercapnia

Confusion Drowsiness
Flapping tremor Bounding pulse
Warm extremities Headache

Table 1.3.4 Patterns of ABG abnormality in disorders
of gas exchange

Pao, Paco, HCO;
Respiratory impairment
Type 1 l (/AN -
Acute type 2 /- T -
Chronic type 2* V- T T
Hyperventilation - l -/

*Acute on chronic distinguished from chronic by presence of T H*.
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e Tiép cin bénh nhin suy ho hap

Normal values

Is the Pa0; low
Pao;,
(on room air)
=>10.6 kPa

l— |SPaCOz _l I- Is Paco; Pao(:r>80mmHg

Normal High High Lowlnormal (on supplemental O,)
¢ v . V s
Tvoe 2 Tvoe 1 =<10kPa
ormal ype ype :
Hyperventilation Ne bl respiratory respiratory Paco, = 4.7-6.0 kPa
impairment impairment or 35-45 mmHg
HCO3= 22-28 mmol/L
l
Y
Is HCOj3 low ? Is HCO3high ?
Yes
l No Yes
No Secondary to
metabolic
Y | Y
Primary v Assess severity
hyperventilation Acute 3 (see text)

*Rarel, may instead be due to chronic hyperventilation with metabolic compensation.
Figure 22 Assessing pulmonary gas exchange.
[ Case 1am sang: Bénh nhan nam 25 tudi, vao vién vi sot, ho dam va
kho thé 2 ngay. Tham kham ghi nhan sét 39°C, dung co hd hap phu,
16ng nguc ko cang phong, gb duc phoi trai, am phoi tho va co rale no &
day phoi trai

Pulse 104 beats/min
Respiratory rate 28 breaths/min
Blood pressure 118/70 mmHg
Sao, (room air) 89%
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Khi mau dong Binh thuong
mach

pH 7.5 7.35 - 7.45
PaCO: 28.1 mmHg 35-45
PaO: 57.8 mmHg >80

HCO; 23.9 mmol/LL |22 —28

Na 138 mmol/L 135 - 145

K 3.7mmol/L 35-5

Cl 99 mmol/L 95 - 105

1/ Panh gia tinh trang trao d6i khi? Toan — kiém?

- Suy hé hép type 1 (Ha Oxy méau) mirc d6 trung binh.

- Va tinh trang giam Oxy méu dugc dép ung phu hop bang cach
tang thong khi (ting nhip thd) nén PaCO» thap va do ting thong
khi nén bénh nhan bi nhiém kiém hé hép.

2/ Bénh nhan nay co can cung cap Oxy khong?

- Can cung cap Oxy nham cai thién tinh trang giam Oxy mau va
khang sinh phu hop dé diéu tri nhiém trung.

[ Case 1am sang: Mot nguoi dan 6ng 68 tudi vao vién vi kho tho ting
dan va giam kha ning gang stc, dng c6 tién sit COPD. Binh thuong,
ong ta c6 thé di duge 500 mét nhung bay gio kho tho ké ca khi nghi
ngoi. Thaim khdm ghi nhan bénh nhan thé nhanh, sir dung co hé hap
phu, 16ng nguc cing phong, va c6 rale ngay.

Pulse 96 beats/min
Respiratory rate 24 breaths/min
Blood pressure 138/82 mmHg
Sao, (room air) 78%
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Khi mau dong Binh thuong
mach

pH 7.36 7.35-17.45
PaCO: 54.1 mmHg 35 - 45 mmHg
PaO; mmHg >80 mmHg
HCO:3 30.6 mEq/L 22 - 28 mEq/L
Na 144 mEq/L 135 — 145 mEq/L
K 3.7 mEq/L 3.5-5mEq/L
Cl 102 mEq/L 95 — 105 mEqg/L

1. Panh gié tinh trang trao d6i khi?

- Suy ho hép type 2 man.

- Tang PaCO: cho thiy tinh trang réi loan thong khi.

- HCOs tang cao cho thay day 1a tinh trang man (vi than c6 thoi
gian dé bu).

- Pa0: giam, do d6, tinh trang kho tho cang nang né thém va co
thé giam kha ning gang strc (khi PaO> < 60 mmHg thi néu giam
nhe thém PaO; s€ lam giam manh Sa0y).

- B1 vi tinh trang tang CO2 mau man, nén bénh nhan phai dya vao
tinh trang giam Oxy (Hypoxic Drive) dé kich thich thong khi.

2. Ong ta duoc dung gidn phé quan bang khi dung, Prednisolone
udng va duogc thd Oxy 60% bang mask. P bio hoa Oxy duoc
cai thién nhung 1h sau, tinh trang 6ng ta ning hon va 6ng iy
khong thé noi chuyén duge. Tri giac Lir dir, khong tinh téo.
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Pulse 88 beats/min
Respiratory rate 14 breaths/min
Blood pressure 132/80 mmHg

Sa0, (room air) 96%
Khi mau dong Tho 60% O2 | Binh thwong
mach
pH 7.29 7.35-17.45
PaCO: 65.3 mmHg 35-45
PaO; 84 mmHg >80
HCOs3 30.3 mmol/LL. |22 -28
Na 144 mmol/L 135 - 145
K 3.6 mmol/L 35-5
Cl 102 mmol/L 95 - 105

- Suy ho hap type 2 cap trén nén man.

- Nguyén nhan 1am nang thém tinh trang ctia 6ng y 1a bo sung
qua mic Oxy. Can cin nhéc can than viéc bo sung Oxy & nhiing
nguoi tang CO2 mau man. Muc ti€u la cdi thién tinh trang Oxy
mau va qua trinh ho hap té bao t6t ma khong anh hudong dén kha
nang thong khi.

- Nhiéu tac gia khuyén cdo Oxy liéu phap khoi dau 24 — 28% va
theo doi sat 1am sang va khi mau dong mach. SpOz khong nén
dung dé theo d&i ¢ bénh nhin nay vi chi mot chi s6 SpO» khong
noi 1én duogc tinh trang théng khi di phuc hdi hay chua. Nén
giam lwong Oxy bo sung va hd tro thong khi cho 6ng dy
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B/ Tiép cin thing bang toan — kiém
- pH ngoai bao=7.4 + 0.5, pH ndéi bao=7.0-7.3
- Duy tri gidi han hep nay bang 3 hé théng diéu hoa nong d6 H*.

1. Sinh ly

e H¢ dém

o Bicarbonate 1a hé dém chinh ctia ngoai bao.
CA
HCO,” + H" & H,CO, & CO, (dissolved) + H,0

o Phosphate 1a hé dém chinh cta gian bao va ong than.
o Hé dém Protein l1a hé dém chinh cta ngi bao.

e Théng khiciia hé ho hap

o Thu thé héa hoc & ngoai bién hoat dong khi tang CO>
mau hoac giam Oz mau.

o Thy thé héa hoc ¢ trung wong (hanh nio) hoat dong
khi dich ndo tiy bi nhiém toan (ting CO> trong dich
ndo tuy).

o Gay thé nhanh sau khi nhiém toan. Thé cham khi
nhiém kiém.
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e Su dao thai H ,tai hip thu HCO; ciia than

Renal Tubule
Blood Tubule Cell Lumen
CO »CO, + H,O >
4 s *fz Carbonic HCO;3
H2 Cfi’» Anhydrase l
HCO3; < HCO3 +H* ——— H+ + HCO;
< Na* l
HoCO3
l T Carbonic
Anhydrase
CO, < CO, + H20
Figure 26-1 Renal tubular bicarbonate reabsorption.
Renal Tubule
Blood Tubule Cell Lumen
CO »CO, + H,O =
2 2 2 Carbonic HPO42
H2Cf3 Anhydrase
HCO3; HCO3 +Hf———— H+—>H++ HPO;2 —»H,PO;
Nat < Nat
Glutamate + NHg ——————» NHg—>H* + NHz = NH}
Glutamine
Excreted in
Urine
Figure 26-2 Renal tubular hydrogen ion excretion.
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2. Céc budc tiép cin khi mau dong mach
- Tra 101 cac cau hoi
e Budc 1: Nhiém toan hay kiém?
o pH < 7.35: nhiém toan.
o pH > 7.45: nhiém kiém.
o pH c6 thé binh thudng mic du ngudi d6 co tinh trang
rdi loan toan kiém.

e Budrc 2: Ho hap hay chuyén héa?
o Nhin vio chi sé6 HCOs va Pcoz

Table VI-5-1. Acute Changes in pH/HCO,~

Respiratory acidosis l T
Metabolic acidosis l AN
Respiratory alkalosis T l
Metabolic alkalosis T 1)

e Budc 3: Co bu trir chwa?
- Toan hé hap: 1 CO,=>1 H"=> | pH. Bu béi than bang cach
thai H', tai hap thu va tao mdi HCO3 => 1 HCOs ngoai bao.

e Toan ho hap cap (chua bu): 1 mmHg PaCO; ting = 0.1
mEqg/L HCOs tang (1:0.1).

e Toan ho hap man (d4 bu): 1 mmHg PaCO; ting = 0.35
mEq/L HCO;™ tang (1:0.35).

e Vi du: Bénh nhan bi toan ho hép vo1 PaCO2 = 60 mmHg.
Cao hon binh thuwong 13 20 mmHg. Néu cap HCO; ~
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26 (20 x 0.1 =2; 24 + 2 = 26). Néu man, HCOs ~ 31 (20
X 0.35=7;24 +7=31).

- Toan chuyén héa: | HCO; => 1 H" => | pH. Bu bang cach phoi
tang thong khi => | COx va than thai H" ,tai hap thu va tao méi

HCOs.

Cong thic  PaCO, = (1.5 x HCO;") + 8
Winter:

Khi PaCO> mong mudn - PaCO; thuc trong khoang + 2.
Ta n6i 1a bénh nhan nhiém toan chuyén hoa dugc bu bang
hé hép.

Khi PaCO, mong mudn - PaCO> thyc > 2. Nhiém toan
chuyén hoa kém toan ho hap.

Khi PaCO> mong mudn - PaCO> thyc < 2. Nhiém toan
chuyén héa kém kiém hé hép.

Vi dy: Bn nhiém toan chuyén hoa c6 HCO3 = 10 mEq/L
va PaCO» = 23 mmHg. Nong do PaCO> mong mubn 13
PaCO2 = (1.5 x 10) + 8 =23 = PaCO> cua bénh nhan (23
mmHg) nén 13 toan chuyén héa da bu bang ho hap.

- Kiém hé hap: | CO, => | H" => 1 pH. Gy ra bdi su ting thong
khi. Khi | H' s& khong c6 ion H dé két hop voi HCOs™ & dng
than => HCO3™ khong dugrc tai hép thu & 6ng than => | HCOs"
ngoai bao.
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e Kiém ho hip cip: 1 PaCO> giam = 0.2 mEq/l HCO5"
giam (1:0.2).

e Kiém ho hdp man: 1 PaCO» giam = 0.5 mEq/l HCO5
giam (1:0.5).

e Vi du: bénh nhan bi kiém hé hip véi PaCO2 = 25 mmHg.
PaCO; thip hon binh thwong 1 15 mmHg. Néu cap,
HCO3 ~21 (15 x 0.2 =3;24 -3 =21). Néu man, HCOy ~
16 (15x0.5=7.5;24-7.5=16.5).

- Kiém chuyén héa: 1 HCO; => | H" => 1 pH. Bu bang cach
giam thong khi nham ting Pcoz va tang dao thai HCOs'.

Expected PaCO, = (0.7 x rise in HCO;"~) + 40

e Khi PaCO> mong muén - PaCOs thuc trong khoang =+ 2.
Bénh nhan bi kiém chuyén hoa bu bang hé hép.

e Khi PaCO> mong muén - PaCOs thuc trong khoang > 2.
Bénh nhén bi kiém chuyén hoa kém toan ho hap.

e Khi PaCO> mong muén - PaCO» thyc trong khoang < 2.
Bénh nhén bi kiém chuyén héa kém kiém ho hap.

pH Pco2 HCOs
Binh thuong 7.4 40 mEgq/L |24 mEq/L
Toan ho hép | 1 1
Kiém ho hap 1 1l |
Toan chuyén hoa l l Ll
Kiém chuyén hoa 1 1 "

Nhitng thay doi nguyén phat (11 hodc | |). Cha y 12 ho hap la thay
ddi ciia Pcoz va chuyén héa 1a thay ddi cia HCOs.
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Cic yéu t6 anh huwéng dén sy dio thai H' va tai hap thu HCOs

Table 31-2 Plasma or Extracellular Fluid Factors
That Increase or Decrease H* Secretion and
HCO;™ Reabsorption by the Renal Tubules

l Compensation? Compensation? l

Increase H* Secretion and Decrease H* Secretion and
HCO;~ Reabsorption HCO;~ Reabsorption
T Pco, 1 Pco,
T H*, | HCO;™ L H* T HCO;"
1 Extracellular fluid volume T Extracellular fluid volume
T Angiotensin II | Angiotensin II
T Aldosterone 1 Aldosterone
Hypokalemia Hyperkalemia
ACIDOSIS 3:':)" ALKALOSIS
Low / ! \ High
(Acidosis) ; (Alkalosis)
Cause of ; Cause of
the osis? ( the osis?
Look at : Look at
/ Bicarb \ , / Bicarb \
|
Low Elevated : Low Elevated
|
l l I l l
|
Metabolic Respiratory | Respiratory Metabolic
|
|
|
|
Use Winter’s Determine if 1 Determine if Paco, T0.7
[(1.5 xbicarb) + 8] acute (1:0.1) ' acute (1:0.2) mm Hg for every
to determine what orchronic '  orchronic 1 mEg/L T in
Paco, should be (1:035) | (1:05) bicarb

Figure VI-5-3. Analyzing an ABG
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e Budc 4: Luon luon tinh Anion Gap (AG).

Other

Cgtéggs Other Organic & All All
:\= I InOrganic Anions
"’19:;— Pr 4? Urgec;sured{ Umeasured
K c pra AG 10 SNORS AG 10 Anions
HCoO. | ~SO, HCO, HCO,
25 25 25
Na" | CI” Na* | CI’ Na" | CI”
140 (105 140 | 105 140 (105
A B C
AG = AG =
Na - (CI+HCO3) All Unmeasured Anions -

All Unmeasured Cations

La su chénh 1&ch gitta Cation va Anion do dwge. Cation cé trong
huyét trong 13 Na*, K*, Ca*™", Mg™. Anion trong huyét twong 13
HCOs", CI, SO4, POs, Anion hitu co nhu (lactate,...) va Protein
huyét twong nhu Albumin. Va Na 14 Cation chu yéu do dugc
trong huyét tuong, nguogc lai, CI' va HCO3 1a Anion chi yéu do
duoc trong huyét tuong.

Phan biét nguyén nhan cta toan chuyén hoa.

Cach tinh: AG=Na"- (HCOs + CI).

Binh thuong: Na™= 140 mEq/L, HCO3 = 24 mEq/L, Cl-= 108
mEq/l

AG = 140 — (24+108) = 8 (gia tri binh thuong 8-16). Diéu nay
cho thay rang Cation cao hon Anion 13 8. Nhung cic ban hiy
nhé rang, dién tich 4m ludn bang dién tich duong. Piéu ndy c6
nghia 1a lwong Anion khong do duoc trong huyét twong = 8 (chi
yéu la Protein trong huyét twong 1a Albumin). Albumin trong
huyét trong 1a 1y do chii yéu cho AG duong.
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- Ta c6 phuong trinh:
e Cation = Anion (can bang dién tich)
e (C do dugc + C khong do dugc = A do duge + A khong do

duoc.

e (C do dugc — A do dugc = A khong do duge — C khdong do
duoc.

e AG = A khong do dugc — C khong do duge = Na' -
(HCOs + CI).

Hau hét cac case c6 AG ting 1a do ting san xuat Anion khong do
dugc nhu 1a Lactate, than giam bai tiét.

Chung ta c6 vi du: Mot bénh nhan c6 chi sO xét nghiém Na" =
140 mEqg/L, HCO3 =12 mEq/L, CI = 100 mEq/L.

AG=Na"- (HCO3 + CI') =140 — (12 + 100) = 28 (8-16)

Nghia 12 bénh nhan nay dang trong tinh trang nhiém toan, do
noéng do Anion khong do dugc ting 1én. Tinh trang nhiém toan
chuyén hoa ting AG bat ké 1a pH mau bénh nhan 13 bao nhiéu.

Khi chung ta dung cong thitc AG = Na* - (HCOs + CI), nghia la
luong Anion do duge dang gidm, do do, luong Anion khong do
duogc dang tdng 1én.

Va khi ching ta dung 6ng thirc AG = A khong do dwge — C
khéong do dwge. Cho thiy luong Anion khong do dugc dang
tang 1én.
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- Céac nguyén nhan gdy nhiém toan chuyén héa ting AG va khong

tang AG
MUDPILES (elevated gap) HARDUP (non-elevated gap)
M: Methanol H: Hyperchloremia (parenteral nutrition)
U: Uremia (kidney failure) A: Acetazolamide
D: Diabetic ketoacidosis R: Renal tubular acidosis
P: Paraldehyde D: Diarrhea
I: Iron; Isoniazid U: Ureteral diversion
L: Lactic acidosis P: Pancreatic fistula

E: Ethylene glycol; ethanol
ketoacidosis

S: Salicylates; starvation
ketoacidosis; sepsis

Methanol va Ethylene Glycol lan lugt chuyén héa thanh Formic
Acid va Oxalic Acid.

Suy than s& lam tich trir Phosphate, Sulfate, va cac Anion hitu co
khac, lam cho giam HCOs va CI- .

Salicylates va cac dan xuat cta Salicylic Acid sé& lam (e ché ho
hép té bao, dan dén tang Lactic Acid.

Quan trong 1a phai nhé nhitng nguyén nhan gy nhiém toan
Lactic nhu 12 nhiém khuan (Sepsis), ddng kinh (l1am ting hoat
d6ng cua co hodc roi loan ho hap), thiéu mau cuc b chi hoic
co quan, nhiém doc Cyanide hoic CO, suy tuan hoan hoac
suy ho hap.

Thém vao d6 1a nhitng nguyén nhan gay nhiém toan Ketone nhu
bién chirng nhiém toan Ketone & bénh nhan dai thao duong, nhin
doi lau ngay, nguoi nghién ruou.
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- Toan chuyén héa khéng ting AG gy ra boi su giam HCOs3 va
ting CI'. D6 1a 1y do tai sao con dugc goi 1a nhiém toan ting
Chlor.

Vi du: néu chiing ta uéng Acid manh nhu HCI. H' s& dugc
giai phong va két hop véi HCOs™ 1am cho HCOs giam,
dan dén su thay thé gitra CI- va HCO5". Tiéu chay lam mat
dich giau HCOs", do d6, ting tai hap thu Cl" nén gay toan
chuyén hoa khong ting AG. Thém vao d6, mat dich do
tiéu chay sé kich thich hé RAA lam cho tang cudng hap
thu Na*, Cl" va thai HCOs".

CA
HCO, + H" < H,CO, < CO, (dissolved) + H,O

- AG giam khi (1) ting Cation khong do dwoc; (2) Co thé thém
vao nhirng Cation bat thwong nhw Lithium (ngd doc Lithium);
(3) giam Albumin,] g/L. Albumin giam tuong duong véi 2.5
mEq AG gidm (hoi chirng than hu).
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e Buéc5: Tilé AAG/AHCOy

AG Excess/HCO, Deficit = (AG - 12)/24 - HCO,)

Delta Ratio

> Used to assess elevated anion gap metabolic acidosis and
to evaluate whether a mixed acid base disorder is present

€@ Anion gap = Na+ - [Cl+ HCOx]
A Anion gap
A HCOgs

A Anion gap = measured anion gap - Normal anion gap
A HCO3 = Normal [HCOg37] - Measured [HCOs7]

e Delta ratio =

Normal anion gap = 12
Normal [HCOgs7] = 24

e Delta ratio = Measured anion gap - 12
24 - Measured [HCOgz1]

<04 Normal anion gap metabolic acidosis

Mixed normal anion gap metabolic acidosis + high anion gap

=0 metabolic acidosis
0.8-20 Pure high anion gap metabolic acidosis
20 Mixed high anion gap metabolic acidosis + metabolic alkalosis

(or pre-existing compensated respiratory acidosis)

- Khi nhiém toan chuyén héa ting AG, van c6 thé nhiém mot rbi
loan chuyén hoa khac (nhu toan chuyén hoa khong ting AG hoic
kiém chuyén héa). Ching ta phat hién diéu d6 bang cach dung ti
1€ AAG/AHCO;s .

- Nhung khoang 50% - 60% lugng acid chuyén hoa dugc dém
trong ndi bao, nén lugng HCO3™ ngoai bao phan tmg khong
tuong tng vo1 lugng acid sinh ra.

- Trong nhiém toan chuyén hoa ting AG 1a do tich trit Acid khong
bay hoi, 1 mEq AG tang lén tuong duong véi 1 mEq HCO3"
giam xudng (1 1 mEq AG = | 1 mEq HCO5"). Néu c¢6 réi loan
chuyén hoa khac di kém, nhu toan chuyén hoa khong tang AG,
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thi luong HCOs™ bi dao thai nhiéu hon, nén A HCOs" s& cao, nén
ti 16 nay s& < 1. Nguoc lai, néu nhiém kiém chuyén hoa, luong
HCOs™ s€ tang 1én, 1am cho ti 1€ nay >1.

3. Cac thé 1am sang cua roi loan Acid — Base
a. Toan chuyén hoa.

- Co ché
e Mit HCOs".
e Giam thai Acid béi than.
e Ting san xuat Acid ndi sinh.
- Toan chuyén héa ting AG.
e Toan chuyén hoa ting AG thudng lién quan dén ting san
xuit Acid ndi sinh hoic giam thai Acid béi than.
e Nh¢ 4 nguyén nhan:

1) Nhiém toan Lactic
- Chuyén hoa Lactate.

Glucose -

Inflammation

) (Gluconeogenesis)
Epinephrine 5 —_—

Alkalosis
NADH NAD

Pyruvate (2) L—A Lactate (2) |+ 32 kcal

LDH
—_ % PDH

(Oxidation) (Oxidation)

| |

673 kcal | 652 kcal |

Cytokines
Bacterial Toxins
Thiamine Deficiency

—————
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nhitng co quan quan trong nhu tim.

Lactate 1a mot chét chi diém sinh hoc.

La dap tng ctia co thé dbi véi duy tri chuyén hoa nang luong &

Trong hd1 chiing Shock, tang Lactate ti 1€ thuan voi tang ti 1€ tir

vong va mc 12 > 4 mmol/L.
Thoi gian thanh thai Lactate ¢ gi trj tién luong tot. Lactate giam
trong vong 24 giod ¢6 twong quan dén viée giam ti 18 tir vong

xudng thap nhat.

Ngudn Lactate trong Shock nhiém khuan 13 ting san xuét

Pyruvate, ty thé khong thé dung Oz, trc ché men PDH.

Gom 2 loai [6]

e Type A: van chuyén O, dén mo khong du.

Table 28.1 Causes of type A lactic acidosis

Cause Mechanism(s)
Shock
Septic shock Hypotension

Hypovolemic shock
Cardiogenic shock
Hemorrhagic

Severe tissue hypoxia

Severe regional hypoperfusion

due to hypotension

Severe anemia (<4.0 g/dL)

Severe asthma

Carbon monoxide poisoning

Nguyén Qudc Huy

| O, delivery, 1 glycolysis, | ATP, 1 pyruvate production— 1
lactic acid production

| O, delivery, 1 glycolysis, | ATP, 1 pyruvate production— 1
lactic acid production

| O, delivery, 1 glycolysis, | ATP, 1 pyruvate production— 1
lactic acid production

| O, delivery, 1 glycolysis, | ATP, 1 pyruvate production— 1
lactic acid production

| O, delivery, 1 glycolysis, | ATP, 1 pyruvate production— 1
lactic acid production

Tissue hypoxia

Respiratory alkalosis stimulation of glycolysis and lactate
production, tissue hypoxia, -adrenergic stimulation, and
lactate production

Carbon monoxide binds more avidly to Hb than O,, leading to
less delivery to tissues and hypoxia, inhibition of electron
transport system, | ATP, T anaerobic glycolysis

23/05/2019
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- Type B: Ty thé khong thé st dung O.

Table 28.2 Causes of type B lactic acidosis

Causes

Mechanism(s)

Liver disease

Diabetes mellitus

Renal failure and renal
replacement therapies

| Lactate metabolism, | pyruvate dehydrogenase complex
(PDC)* activity, respiratory alkalosis, and hypoglycemia may
precipitate lactate production

Presence of microvascular disease and atherosclerosis
compromising circulation, drug use such as metformin, | PDC
activity

Stimulation of lactate production by alkalinization due to HCO;™,
dialysate baths containing lactate

Malignancy Lymphomas, leukemias, and carcinomas (breast, lung, colon,
pancreas), production of lactate by tumor cells via 1 anaerobic
glycolysis, 1 cytokine production, hypoxia-inducible factor

ATP depletion 1 Anaerobic glycolysis

Thiamine deficiency Inhibits PDC activity, thereby limiting glucose metabolism to
glycolysis only

Seizures Increased muscle activity, compromised blood flow, and tissue
hypoxia

Hypoglycemia Inhibits lactate uptake by the liver, 1 epinephrine release causing
increased production of pyruvate

Drugs/toxins

Metformin Promotes lactate production from glucose in the small intestine,

1 NADH/NAD? ratio, inhibits gluconeogenesis from lactate,
inhibition of mitochondrial respiration, patients with renal,
hepatic, and cardiac failure are at risk

Ethanol Impairs gluconeogenesis from lactate to glucose, depletes NAD*
favoring lactate accumulation

Methanol Toxic products of methanol (formaldehyde, formic acid) inhibits
oxidative phosphorylation and ATP synthesis

Ethylene glycol 1 NADH/NAD* ratio during metabolism of ethylene glycol via
alcohol dehydrogenase

Propylene glycol Used as solvent (during infusion of lorazepam, nitroglycerine, or
topical application of silver sulfadiazine), produces lactate during
its metabolism via alcohol dehydrogenase. This reaction
produces high NADH/NAD* ratio

Salicylates Respiratory alkalosis-stimulated lactate production, inhibition of

oxidative phosphorylation

Cyanide poisoning

Inhibition of oxidative phosphorylation, | ATP production, 1
glycolysis, T NADH/NAD* ratio, leading to pyruvate conversion
to lactate production

Catecholamines

Cocaine

Antiretrovirals (didanosine,
zidovudine, stavudine,
zalcitabine, tenofovir)

Epinephrine increases glycolysis and inhibits pyruvate formation
from lactate. Increased vasoconstriction of the skin, skeletal
muscle, and splanchnic circulation with high concentrations of
epinephrine and norepinephrine. Lactic acidosis may be the
initial finding in pheochromocytoma

Increased vasoconstriction

Inhibition of mitochondrial DNA synthesis, | ATP production, T
glycolysis

(continued)
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Table 28.2 (continued)

Causes Mechanism(s)
Linezolid Mitochondrial toxicity
Propofol Sedative, increased production of lactate on high doses due to

uncoupling of oxidative phosphorylation

“Pyruvate dehydrogenase complex is an enzymatic system that converts pyruvate to acetyl CoA in
the mitochondria and hence to CO, and H,O via citric acid cycle

- Chan doan: > 4 mmol/L dugc xem 13 ting Lactate mau c6 ¥
nghia lam sang.
- Piéu tri:
e Diéu tri bénh nén.
e Kiém liéu phap.

Example
Serum[ HCO, |=10mEq/L

Desired serum [HCO3' ]= 15mEqg/L
AHCO, =5mEqg/L
HCO, spaceina70kgpatient=70x0.5=35L
Amount of NaHCO, required=35x5=175mEq

HCO; deficit (mEq) = 0.6 X wt(kg) X (15 - measured HCO;)

L Case 1am sang: Mot nguwoi dan ong 70 tudi vao vién vi suy tim
sung huyét nang. Ong ta cam thdy khéng khée va bt dau nén 6i tir 5
ngay triede va khéng sir dung thuoc gi. Ong ta thé rit nhanh. Két qud
khi mau la
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Khi mau dong Binh thuong
mach

pH 7.15 7.35-17.45
PaCO: 36 mmHg 35 — 45 mmHg
HCO3 30.6 mEq/L 22 - 28 mEq/L
Na 140 mEq/L 135 — 145 mEq/L
K 5.2 mEq/L 3.5-5mEq/L
Cl 90 mEq/L 95 — 105 mEq/L

- Danh gid lam sang
e Kiém hé hap vi ting théng khi dé dap g véi tinh
trang kho thé.
e Toan Lactic vi tudi mau khong t6t do suy tim sung
huyét.
e Kiém chuyén héa do non 6i.
e Suy than cling c6 thé giy HAGMA.
- Xdc dinh réi loan Acid — Base
e B1:Kiém do pH =7.58 > 7.45
e B2: Ho hap do pCO2 =21 <40
e B3: Kiém ho hap cap do HCOs dy tinh =24 — (19 x 0.2)
~ 20 ~HCOs3 do duoc.
e B4: AG = 33 mEq/L == HAGMA
e B5:Tilé AAG/AHCO; = (33-12)/(24-19) > 2 => Kiém
chuyén hoa.
- Vay kiém hé hdp + HAGMA + Kiém chuyén héa
e Nguyén nhan cua HAGMA
» Suy than trudc than va co thé ¢ sy hién dién cua toan
Lactic do giam tudi mau
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o Nguyén nhdn ciia kiém chuyén héa: Nén 6i.
e Nguyén nhdn ciia kiém hé hdp: Suy tim sung huyét giy
kho thd

2) Nhiém toan Ketone
- Khi Carbonhydrate khong phai 1a nguyén liéu dé tao nang luong,
thi co thé s& ly giai md dé tao ning luong.

Adipose Tissue ——» Fatty Acids

Acetoacetate

NADH

NAD

Acetone ' B-hydroxybutyrate '

e Yéu td thiic day thuong do liéu Insulin khong phu hop,
cac bénh dong mac (nhu nhiém trung,...).

- bai thao duong

e Dic diém 1am sang:
= Glucose mau > 250 mg/dL.
= HCO; huyét tuong < 18 mEq/L.
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= pH <7.30 va tang AG.
= Comdt sd ngoai 1¢ nhu:

v Glucose mau ting it (< 250 mg/dL) trong mot so
truong hop.

v' AG c6 thé binh thuong trong DKA vi than ddo
thai Ketone, dong thoi tai hap thu Chloride nén
han ché ting AG.

v’ Tang bach cau khong phai 1a chi diém nhiém
trung trong DKA b1 vi tinh trang tang Ketone
mau lam tang bach cAu. Tuy nhién, tang bach
cau non dong Neutrophil ¢6 thé 13 do nhiém
trung trong DKA.

v’ Tang Troponin I ma khong nhdi mau co tim xay
ra & 27% truong hop DKA.

e Tinh trang mat nudc gan nhu pho bién & nhimng bénh nhan
DKA nhung n6 khéng phan anh néng do Natri mau boi vi
tinh trang tang duong huyét lam pha loing nong do Natri
mau. Nong do Natri mau giam 1,6 — 2 mEg/L tuong
duong véi 100 mg/dL Glucose huyét ting.
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e Diéu tn:

I. Intravenous Fluids

1. Start with Isotonic saline at 1 L/hr (15-20 mLU/kg/hn).
When BP normmalizes, decrease rate to 250-500 mL/hr.

2. When blood glucose falls to 250 mg/dL, change to 5% dextrose in
0.45% saline and Infuse at 150-250 mL/hr.

3. Volume deficit in DKA Is usually 50-100 mL/kg (4-8 L In 80 kg adult).

II. Insulin
1. Regular Insulin: 0.15 units/kg as an IV bolus, then Infuse at 0.1 units/kg/hr.

2. Adjust Infusion so that blood glucose decreases by 50-75 mg/dL
per hour.

3. When blood glucose reaches 250 mg/dL, decrease Infuslon rate to
0.1-0.5 units/kg/hr, and maintain blood glucose at 150-200 mg/dL.

4. Begin SC Insulin when DKA resolves (pH 7.3) and oral flulds are toler-
ated, but continue IV Insulin for a few hours after starting SC Insulin.

IIl. Potassium

1. If Initial serum [K*] Is <3.3 mEg/L. hold the insulin infusion and give
40 mEq K* per hour until the [K*] is 23.3 mEg/L.

2. If initial serum [K*] is 3.3—4.9 mEg/L, give 20-30 mEq K* in each
liter of IV fluid to keep serum [K¥] at 4-5 mEg/L.

3. If initial serum [K*] is 25 mEQ/L, do not give K+, but check serum
[K*] every 2 hours.

4. Average K* deficit in DKA is 3—5 mEg/kg.

From the American Disbetas Association guidelines in Rafarancs 45.

= Theo dai tinh trang Acid — Base ¢ nhitng bénh nhan
nay vi khi truyén NaCl 0,9% c6 thé gay nhiém toan
chuyén hoa tang Chloride mau. Chung ta s& dung ti 1¢
Gap — Gap dé theo ddi tinh trang nay, néu ti 1é nay =
1, nghia 1a chi nhiém toan Ketone; néu ti 1& nay < 1,
nghia 1a toan Ketone da duoc giai quyét, thay vao do
1a toan chuyén hoa ting Chloride mau.

L Case 1am sang.: Mot nguwoi phu nit 56 tuéi voi tién sir ddi thdo
dwong type 2, dwoc diéu tri bang cdch thay doi ché do an va Insulin
tiém duwdi da 2 lan/ngay. Mot tinh trang nhiém khudan gan day lam cho
ba dy mdt cam gidc ngon miéng, sot va nén 6i. Ba dy tré nén khé tho
va dwoc nhdap vao khoa ICU.
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Kham ldm sang ghi nhdn da niém khé, thé nhanh sdu. Test nuéc tiéu
cho l‘hd'y c6 sw hién dién ciia Glucose va Ketones. Két qua khi mau

dong mach.
Khi mau dong Binh thuong
mach
pH 7.15 7.35-7.45
PaCO: 36 mmHg 35-45
HCO;3 22 mmol/L 22 -28
Na 140 mmol/L 135 - 145
K 5.2 mmol/L 35-5
Cl 90 mmol/L 95 -105

- Danh gid lam sang
e Toan Ketone do dai thao duong.
e Kiém chuyén hoéa do non 6i.
e Kiém hé hap do thd nhanh.
- Xdc dinh réi loan Acid — Base
e Bl: Toan dopH ="7.15<7.35
e B2: Chuyén héa do HCO5 =22 <24 mEq/L
e B3:Kiém hd hép di kem vi Pco2 du tinh = 41 > Pcoz thuc
té (36 mmHg)
e B4: AG =28 mEq/L == HAGMA
e B5: AAG/AHCO; = (28-12)/(24-22) > 2 => Kiém
chuyén hoa
- Vay HAGMA + Kiém chuyén héa + Kiém hé hdp
e Nguyén nhan cia HAGMA: Dai thao duong.
e Nguyén nhan cua kiém chuyén hoa: Non 6.
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e Nguyén nhan cta kiém ho hap: Khé thé do nhiém toan.
3) Suy thin (suy thin cap hodc bénh thin man giai doan 4 — 5)
- Giam kha nang dao thai Acid.

4) Ngo doc
- Toan chuyén hoa khong ting AG.

® Thuong la do méat HCOs, c6 thé kém theo tang hoac
giam Kali.
e Nhé 2 nguyén nhan 1a mat HCOs™ tir dudng tiéu héa
hoiic tiét niéu. Ngoai ra, con ¢o thé tir truyén NaCl 0,9%.
= Toan chuyén hoa éng than
v/ Khong thé dao thai H' ciing nhu tai hap thu
HCO; gdm 3 type 1a:
v/ Type 1: Khong thé dao thai H ¢ dng luon xa.
v Type 2: Do khiém khuyét men Carbonic
Anhydrase 1am cho roi loan tai hap thu HCOs
1am cho mat HCOs™ qua nudc tiéu.
v Type 4: Do nhuge Aldosterone hodc khang
Aldosterone.
» Tiéu chay
v Mat HCOj" theo phan.
v' Hé RAA.

Nguyén Qudc Huy 23/05/2019 Page 42



Khi mau dong mach

Diarrhea
Loss of Fluid, NaCl,
K* & HCO4
Volume contraction
| Mild | I Severe |

lGFR LLGFR & tissue

* hypoperfusion
Fig.30.2 Pathogenesis of INa* delivery to distal HCMA & lactic
hyperchloremic metabolic nephron & LH? acidosis
acidosis (HCMA) and secretion
combined lactic acidosis *
and HCMA in diarrhea.
GFR glomerular filtration HCMA
rate

e Phan biét nguon mat HCOs” bang Anion Gap nudc tiéu.
+ + —
UAG=[Na*] +[K*] —[CI™]
u u u

e Khi nhiém toan chuyén héa, than bu trir bang cach ting
san xuat Ammonia va bang cach do, sé ting tao moi
HCOs va dao thai NH4". Va NH4" két hop véi CI dé
trung hoa dién tich nudc tiéu. Do d6, ndng dd CI- trong
nudc tiéu c6 thé twong duong voi NH4" dé xem rang, than
c6 dao thai Acid thich hgp hay khong.

e Néu UAG < 0, nghia Ia Ammonium (14 Cation khong do
duoc) duge dao thai phu hop qua nudc tiéu.

e Néu UAG > 0, nghia la than khong khong thé dao thai
luong Acid du dugc, nén la toan hoa 6ng than.
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CaCase 1Am sang: Mot phu nit [om tudi, vao vién vi tiéu chdy 2 ngay
nay, tham kham ldm sang ghi nhan tho nhanh.

1/ Chi dya vao chit it thong tin, cac ban nghi rang nguoi phu nit ndy
c6 thé bi rdi loan chuyén hoa gi???

- Toan chuyén héa khong ting AG (toan chuyén hoa ting
Chloride) vi ti€u chay lam mét lwong 16n HCOs™ tai dich rudt va
tinh trang giam thé tich s& kich thich hé RAA, gitp tang tai hap
thu Na" va CI" va tang dao thai HCOs [3]. Thé nhanh 1a do hé ho
hap dang bu trir bang cach ting ddo thai CO» dé can bang pH

mau.
Khi mau dong Binh thuong
mach
pH 7.2 7.35—-7.45
PaCO:; 19 mmHg 35-45
HCO3 7 mmol/L 22 -28
Na 140 mmol/L 135 - 145
Cl 120 mmol/L 95 — 105

- Két qua khi mau cho thay rang: Nhiém toan chuyén héa khong
ting AG bu bang ho hdp. Nguyén nhan 13 do tiéu chay.
- Tom lai:
e Toan chuyén hoa do tiéu chay sé khong lam ting AG
(NAGMA).
e Bu bing cach ho hap ting thong khi.
e UAG<O.
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CdCase 1Am sang: Mot nguwoi dan 6ng 44 tuéi, vao vién vi tiéu chay
cdp 2 ngay nay. Két qua CLS

Khi mau dong Binh thuong
mach

pH 7.31 7.35 -17.45
PaCO: 33 mmHg 35-45
HCO3 16 mmol/L 22 -28

Na 134 mmol/L 135 — 145

K 2.9 mmol/L 35-5

Cl 113 mmol/L 95 — 105
Urea 12.3 mmol/L

Creatinine 300 umol/L

- Danh gid lam sang
e Toan chuyén hoa ting Chloride do tiéu chay.
e Suy than cap trude than do Shock giam thé tich.
e Toan Lactic do suy tuan hoan.
- Chan dodn r6i loan Acid — Base
e Bl: Toan do pH 7.31
e B2: Chuyén héa do HCOs = 16 mEq/L
e B3: PaCOz dy tinh = 32 ~ PaCOz thyc té => ho hap bu
phu hop.
e B4: AG =8 => Khong tang AG.
e B5:ti1é AAG/AHCO; am nén khong c6 réi loan
chuyén di kém.
- Chan dodn: Toan chuyén héa ting Chloride do tiéu chay cap /
suy than cip trudce than do giam thé tich.
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- Tém lai: Cac nguyén nhan 1am ting H* hodc giam HCOs, két
qua 1a giam pH va HCO53", bl bang cach giam PaCOx.

Metabolic balance H,CO;: Carbonic acid
:{:‘r’;‘:w e HCOT : Bicarbonate ion
(Na*- HCO?)
(K*- HCO7)
(Mg** - HCO®)
(Ca* - HCO7T)

1 20

: !

Metabolic acidosis
HCO7T decreases
because of excess
presence of ketones,
chloride, or organic
1 10 acid ions
3 ‘
Body’s compensation
CO, HCO7 + H*
AN
G +'{|20 —
| Acidic
- i urine
Hyperventilation i Kidneys conserve HCOT
“blows off” CO3 ({H,CO3) and eliminate H* ions in
acidic urine
4 n -
' mctlar;:l"
to restore ic
balance &
Lactate-
containing
Lactate solution

Lactate solution used
in therapy is converted
to bicarbonate ions

in the liver

FIGURE 3-15 Metabolic Acidosis with Compensation and Correction.

b. Toan ho h?ip
- Do giam thong khi va tang Pco:

- Nguyén nhan thudng gip cta nhiém toan ho hap.
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Tac nghén dwong din khi
Hit phai di vat
Hen
COPD
Adrenergic blockers
Roi loan hé than kinh trung wong
Tai bién mach mau ndo
Ngung thd khi ngu
Khéi u
Thudc &c ché CNS
Barbiturates
Benzodiazepines
Opioids

Bénh tim phoi
Ngung tim
Phu phoi hoic tham nhiém phoi
Thuyén tac phoi
Xo phoi
Bénh than kinh co
Amyotrophic lateral sclerosis
Guillain—Barré syndrome
Myasthenia gravis
Hypokalemia
Hypophosphatemia
Drugs
Aminoglycosides
Thudc chéng loan nhip
Lithium
Phenytoin

CNS, central nervous system; COPD, chronic obstructive pulmonary

disease.

- Biéu hién lam sang

e Ha O; mau gay ra roi loan churc nang co quan

e Tri€u chung: buén nén, nén 61, dau dau, hon mé,. ..

e Luu luong tuan hoan nio ting do din mach bai NO.

e Ap luwc so nio ting do ting CO> mau lam dan mach nén

tang luu luong tuan hoan nao.

e Tiing huyét ap va nhip tim do ting Catecholamine.

e Phan biét toan hd hap cap vo1 man.
» Dua vao tién su, bénh str, lam sang va ABG.

e Diéu tri.
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= Toan ho hip cép: bao dam dudng thd, bd sung O» dé
cai thién tinh trang ha O> mau. Muc tiéu pO2 60 — 70
mmHg hoac do bao hoa O > 88%.

= Toan ho hap man: diéu tri nguyén nhan, duy tri du
néng do Oz. Muc tiéu 1a pO2 # 60 — 70 mmHg va do
bao hoa Oz # 88 — 93%.

LA Case 1am sang: Mot bénh nhan dwoc dua vao cap citu vi suy ho

hdp cdp do suy tim sung huyét. Két qud khi mau la:

Khi mau dong Binh thuong
mach

pH 7.0 7.35-17.45
PaCO: 60 mmHg 35-45
HCO3 28 mmol/L 22 —-28

- R&i loan kiém toan ¢ day 14??? Toan hé hép cap.
- Céc chan doan phan biét c6 thé la:

e Nguyén nhan gay &t CO2 c6 thé do phoi, do hé than kinh
(chan thwong, an than,...) , do réi loan than kinh co (liét
co, loan dudng co,...) , do tic nghén duodng dan khi (di
vat, hen,...) suy tim sung huyét.

e Chu y: Bénh phoi co thé rdi loan trao doi khi boi khoang
chét (dead space: c6 khi nhung khong c6 mau; nhu khi
phé thung) 12 nguyén nhan giy ting CO2 mau hoic
shunt (c6 mau nhung khong c¢6 khi; ¢ thé 13 hen, phu
phoi, thuyén tac phoi) 1a nguyén nhan gy giam O mau
1a chinh, nhung ciing ¢ thé ting CO> mau.

- Chan doan c¢6 thé ¢ bénh nhan nay 1a???
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e Phu phoi cap do suy tim sung huyét.
- Tém lai: Cac nguyén nhan nay lam tang Pcoz, nén ting H (giam
pH) va ting HCOs (bu béi than).

! Metabolic balance H,COy;: Carbonic acid

bc.forc‘omcl of HCO#f: Bicarbonate ion
acidosis
(Na*-HCOD
(K~-HCO7)

(Mg**- HCOT)
(Ca**-HCO?)

: !

Respiratory acidosis
UL
Hypoventilation
retains CO, (TH2COy)
3
Body’s compensation
H,CO;
Acidic
urine
Kidneys conserve
HCOY ions and
climinate H* ions
4 in acidic urine
Therapy required to
restore metabolic
balance
. Lactate-
Lactate E containing
solution

22 0

FIGURE 3-18 Respiratory Acidosis with Compensation and Correction.
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c. Kiém chuyén héa

- Khi pH > 7.45 va HCO3 > 26 mEq/L [5]

- Co ché: ting nong @0 HCOs; mat Acid khong bay hoi; giam
thé tich ngoai bao [5]

- Nguyén nhan:
e Giam Chlor mau [5]

e Dung loi tiéu quai hoic loi tiéu Thiazide
= Khi dung loi tiéu, s& lam tang luu luong nudc ticu

va tre ché dao thai HCOs

= Ting tai hap thu HCOs va wrc ché dao thai HCOs.
e Ha Kali mau [2] [5] [6]
= Kali va H" trao d6i nhau tai té bao (K* di ra va H di
vao té bao) lam cho té bao acid hon, nén tai hap thu

dén ong Iuon xa va ong gop, s€ lam tang hap thu Na*
tai day va bdi vi cé su trao doi ion Na™ va H' tai day

[1]. Nén tang dao thai luong H* va ting tai hap thu
HCO; => giam H* va ting HCOs => kiém chuyén

hoa. Giam thé tich ngoai bao s& giy ting tai hap thu
Na*, kém theo d6 13 HCOs"; ngoai ra con bai tiét

Aldosterone nén gop phan nhiém kiém chuyén hoa

2].

e Cuong Aldosterone

= Aldosterone ting tai hap thu Na* tai ong luon xa va

CI” depletion K* depletion ECF volume depletion
Y ¢ Y Y ¢ Y l *
LK L HCO," T Na* Lcrreabsorption T Proximal & TNH; L HCO,~ filtration L HCO," secretion
reabsorption secretion reabsorption (via Na/K/2cl distal tubule production & THCO4 (via CVHCO,
(via Na/K/2Cl (via CI/HCO4 (via ENaC cotransporter) acidification reabsorption exchanger)
cotransporter) exchanger) & TK* & H* (T Na/H-ATPase
sacretion) | in prox. tubule)

|

~.

Y

e

T Serum HCO;™ and sustenance of metabolic alkalosis

Fig. 31.1 Factors that generate and maintain metabolic alkalosis
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dng gop, déng thoi ting dao thai H'.

e Giam thé tich ngoai bao [5]: con duoc goi 1 kiém hoa
do mat dich qua muc nhung co ché chinh 1a do giam
Chloride mau (tinh trang nhiém kiém s& khong duoc diéu
chinh néu nhu hoi phuc thé tich ma khong bo sung
Chloride, nhung c6 thé phuc hdi néu bo sung Chloride ma
khong can bu thém thé tich). [5]

e Mit dich da day [5]: Vi dich da day giau H" va Cl-. Mat
H* 1a gay kiém chuyén héa, thém vao d6 la mét CI* cang
gop phan gay kiém chuyén hoéa.

| Vomiting |
| Loss of H* I | Loss of Cl- | | Loss of fluid | | Loss of K* |
Metabolic alkalosis | T HCO3 renal | T Aldosterone | | TH* into cells |
reabsorption l

l

T Renal Na* reabsorption
in exchange for H*

Hypoventilation H* moves from :
| | ICF to ECF LG l
fH*
© | Loss of H* |
T Pco, K* moves from
ECF fo ICF Alkalosis T Plasma HCO3 |
T HCO; |
T (oo
! pH (compensates
for alkalosis) Replace fluids and give TCl- andK*
NaCl and K* to stop
HCO3 reabsorption

| T HCO3 renal loss |

| ! pH (corrects alkalosis) |

FIGURE 3-17 Hypochloremic Metabolic Alkalosis. See text for abbreviations.
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- Biéu hién 1am sang:
e Khong c6 anh huong nguy hiém dén hau hét cac bénh
nhan. C6 Case ghi lai rang bénh nhan trung nién vao vién
vi nén 6i, HCO3 = 151 mEq/L nhung khéng c¢6 dau hiéu
nguy hiém dén tinh mang va hoi phuc sau khi diéu tri
bénh nén. [5]
e Anh hudng dén than kinh giong ha Calci mau [7] [8]:
giam y thuec, co giat, liét
- Phan loai

able 33.1 Classification of Metabolic Alkalosi

Category Criteria Conditions

Chloride-Responsive Urine [CLT] <15 mEgAL  Vomiting
Nasogastric suction
Choluretic diuretics
Volume depletion
Laxative abuse

Chloride-Resistant Urine [CL™] >25 mEg/L  Primary aldosteronism
Licorice ingestion

Severe hypokalemia
(plasma K+ <2 mEg/l)

e Kiém chuyén hoa dap tmg véi Chloride.
= Giam Chloride niéu.
= Cac tinh trang c6 thé 12 mat dich da day, loi tiéu,
giam thé tich.
= Caj thién khi truyén nwée mudi ding truwong.
= Sir dung thudc x0 trong thoi gian dai.
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e Kiém chuyén hoa khang véi Chloride
= Hau hét 1a do cwong Aldosterone nguyén phat.
= Ting thé tich ngoai bao, khong cai thién khi truyén
NaCl 0,9%
e Ha Kali mau: khdong cai thién khi truyén NaCl 0,9%. Cai
thién khi b6 sung Kali.
e Danh gi4 bénh nhan
= Tién st dung loi tiéu, thude x6 kéo dai, ...
= Huyét ap, thé tich tuan hoan,...
e Diéu tri
= Kiém chuyén héa dap tng véi Chloride
v’ Kiém chuyén hoa 1a do giam Chloride va Kali
mdau. Bu du thi s& 6n dinh tinh trang nay. Va bu
bang NaCl 0,9%.
v Thé tich NaCl 0,9% can truyén c6 thé dugc udc
lugng boi luong Chloride thiéu bang cong thirc

CL~ deficit (mEq) = 0.2 x wt (kg) * (100 — plasma [CL"))
] 3

v Trong d6: Wt 1a can ning (kg) va 100 1a nong
d6 Chloride mong muén
v Thé tich NaCl 0,9% can truyén 1a

Volume of isotonic saline (L) = CL™ deficit /154
v’ Trong d6: 154 12 ndng do Chloride trong NaCl
0,9%
v Vi du: 1 nguoi dan 6ng 70 kg vao vién vi non 6i
kéo dai va duoc xac dinh 13 nhiém kiém chuyén
hoa. Cl- huyét twong 1a 80 mEq/L. Luong
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Chlroide thiéu 14 0.2 x 70 x (100 — 80) = 280
mEq. Thé tich NaCl 0,9% can truyén 1a 280/154
= 1.8 lit.

able 33.2 Saline Infusions for Metabolic Alkalosis

Step 1. Estimate the chloride deficit:

CL- deficit (MEg) = 0.2 x Wt (kg) x (100 — plasma [CL7)

Step 2. Determine the replacement volume of saline:

Volume of 0.9% NaCL (L) = CL‘1d5eéIcht

Step 3: Rate of replacement: 100 mL/hr >hourly fluid losses.

From Referances 2 and 18.

= Chong chi dinh truyén NaCl 0,9% khi xuat hién tinh
trang pht béi vi khi truyén 1000 ml NaCl 0,9% thi
phan bd vao dich k& hét 825 ml. Kiém chuyén hoa
kém phu thi thuong di kém v6i ha Kali mau, nén bo
sung KC1 ¢6 thé diéu tri tinh trang nhiém kiém
chuyén hoa.
e Potassium Chloride
= On dinh tinh trang ha Kali mau va Chloride giup on
dinh nhiém kiém chuyén hoa.
= Piéu quan trong 12 loi tiéu giam Kali mau c6 thé
khang tri véi bu Kali néu kém theo giam Magie
- Kiém chuyén héa khang Chloride
e Do cuong Mineralocorticoi (thtr phat hodc nguyén phat),
thuong di kém theo tinh trang ting thé tich ngoai bao
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(pht), ha Kali mau nén bo sung Kali ¢6 thé lam 6n dinh
tinh trang kiém.
e Acetazolamide
= Uc ché men CA => tic ché tai hap thu HCO;5 va ting
dao thai HCOs’
= Liéu 5 — 10 mg/kg IV hoic PO. Tac dung manh nhat
khoang 15 gio sau.

Case ldm sang Mot phu nit 60 tudi vao vién vi viém phéi thiry, ding
Thiazide trong vong 9 thang vi suy tim sung huyét. Két qua khi mdu

Khi mau dong Binh thuong
mach

pH 7.64 7.35—-7.45
PaCO: 32 mmHg 35-45
HCO3 33 mmol/L 22 - 28

K 2.1 mmol/L 35-5

- Danh gid lam sang
e Toan hd hip do viém phéi thuy.
e Kiém ho hap do dap tmg véi kho thd cua viém phoi thuy.
e Kiém chuyén héa va ha Kali mau do lgi tiéu.
- Phdn tich réi loan Acid — Base
e Bl:Kiémdo pH=7.64>7.45
e B2: Chuyén hoa do HCOs =33 > 24 mEq/L
e B3: Kiém ho hap di kém vi Pcoa du tinh = (0,7 x 9) + 40
= 46.3 > Pco thuc té (32 mmHg)
e B4: Thiéu dit liéu
e BS5: Thicu dit li¢u
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- Vay Kiém chuyén héa + Kiém hé hap
o Nguyén nhdn ciia kiém chuyén héa va ha Kali mdau: Loi
tiéu.
e Nguyén nhdn ciia kiém hé hdap: Khé thd vi viém phoi
thuy.
- Toém lai: Cac nguyén nhan lam mat H* hogc ting HCO5, sé 1am
tang pH va bu bang cach ting PaCOz (giam nhip thé). Diéu
quan trong cta kiém chuyén hoa d6 1a Chloride|[5].

“ Metabolic balance
before onset of H-CO;: Carbonic acid

alkalosis HCO7 : Bicarbonate ion
(Na*. HCO7)
(K-HCOD
(Mg**.HCO7T)
(Ca**.HCOD)

1 20

: !

Metabolic alkalosis

HCOT increases
because of loss

of chloride ions

or excess ingestion
of sodium

bicarbonate
3 l

Hypoventilation Kld_ncys conserve
retains CO, (THaCO3) l H* ions and
' eliminate HCOT
4 in alkaline urine
Therapy required
to restore
metabolic balance

Chloride-
containing
solution

HCOZT 1ons
replaced
by C1™ ions

FIGURE 3-16 Metabolic Alkalosis with Compensation and Correction.
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d. Kiém hé hap
- Do tang thong khi va giam Pcoo.
- Mot dang sinh 1y ctia kiém ho hap d6 1a nhitng ngudi song & ving
cao, vi nong do O» thap nén phai tang nhip tho.
- Nguyén nhan c6 thé 1a do :
e Cing thang.
o Sot.
e Thiéu Oxy mo.
e Tran khi mang phoi.
e Bit ddi xtmg V/Q.
e Ha huyét 4p.
e Sbng & ving cao.
- Tém lai: Cac nguyén nhan nay 1am giam Pcoz. Két qua 1a giam
H" (tang pH) va giam HCO3

1
Metabolic balance H:CO;: Carbonic acid
s HCOS: Bicarbonate ion
alkalosis

2
Respiratory alkalosis

(Na*-HCOT)

(K~ HCOT)

(Mg HCOD)

(Ca*. HCOT)
1 20

Co,

'\,L(:or H-0

! )
‘ J L] 05 20

Hyperventilation l
“blows off” CO, (4HCOy)

3
Body's compensation

Kidneys conserve H* ions
and climinate HCOY

4 in alkaline urine

Therapy required
to restore metabolic Chloride-
balance 4= containing
C solution
0.5 10

HCOT ions are replaced
by CI™ ions

FIGURE 3-19 Respiratory Alkalosis with Compensation and Correction.
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Toém lai:

A/ Sinh 1y

3 hé thong diéu hoa pH
B/ Tiép can

Tra 101 cac cau hoi
Toan hay kiém?
Chuyén héa hay ho hap?
ba bu hay chua?

Luon ludén tinh AG
Tinh ti 1€

C/ Cac thé 1am sang
Toan chuyén hoa

Céac nguyén nhan 1am ting H* hodic giam HCOs, két qua 13 giam pH
va HCO5', bu bang cach giam PaCO»

Toan ho hép

Cac nguyén nhan lam tang Pcoz, nén ting H" (giam pH) va tang
HCOs3 (bu béi than)

Kiém chuyén hoa

Céac nguyén nhan lam mat H* hodc ting HCO5', sé lam tiang pH va bu
bang cach ting PaCO; (giam nhip thé)
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Kiém ho hap

Céc nguyén nhan lam giam Pcoz. Két qua 1a giam H* (ting pH) va
giam HCOs"

Case: Bénh nhan nit vao vién vi khé thd, budn nodn, non 6i. Tién st dai
thao duong type 2, suy tim sung huyét, va suy than. C6 ning 60 kg.
Hién dang dung Insulin va Furosemide. Két qua khi mau 1a

Na* = 140 mEq/L pH =7.40

K*=4.1 mEq/L pCO, =40 mmHg
Cl~ =95 mEq/L pO, =90 mmHg
HCO;™ =24 mEq/L HCO;™ =24 mEq/L

Creatinine = 4.1 mg/dL
BUN =52 mg/dL
Glucose = 145 mg/dL

Phan tich:
Budce 1: pH binh thuong

Budc 2: Khong 10i loan chuyén héa hay ho hap (HCO5 va pCOz binh
thuong)

Budce 3: Khong r61 loan chuyén hoa

Budc 4: AG =21, c6 nghia 12 nhiém toan chuyén héa ting AG nghi do
suy than

Budc 5: Vi khi nhiém toan chuyén hoa don thuan thi HCOs va pCOa
phai giam thap hon binh thuong. Nhung case nay thi lai binh thuong.
Va boi vi ¢6 4y ¢6 triéu chimg non va dang dung 1oi tiéu, nén co ay bi
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nhiém kiém chuyén hoa. Su xuat hién dong thoi giita toan chuyén hoa
va kiém chuyén hoa 1am cho khi mau binh thuong. Vay, van dé co nay
12 nhiém toan chuyén hoa ting AG do suy than kém kiém chuyén héa
do non 61 va dung Furosemide.

Mindmap:
https://drive.google.com/file/d/1p8 TKXnSIK An3H6rVho E6L.x A706
KZ7L/view?usp=sharing
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