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Arterial Blood Gas Analysis

°π°æ√  Õÿ¥¡Õ‘∑∏‘æß»å
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Arterial  blood  gases (ABG)
‡ªìπ°“√µ√«®∑“ßÀâÕßªØ‘∫—µ‘°“√Õ¬à“ßÀπ÷Ëß‡æ◊ËÕª√–‡¡‘π

 ¡√√∂¿“æ°“√∑”ß“π¢ÕßªÕ¥„π¥â“π°“√À“¬„® (ven-

tilation) ¿“«–ÕÕ° ‘́‡®π (oxygenation) °“√·≈°‡ª≈’Ë¬π

°ä“´ (gas exchange) ·≈–¿“«–°√¥-¥à“ß„π√à“ß°“¬

(acid-base status) ́ ÷Ëß‡ªìπ ‘Ëß ”§—≠„π°“√¥Ÿ·≈ºŸâªÉ«¬∑’Ë

Õ¬Ÿà„π¿“«–«‘°ƒµ ™à«¬„π°“√«‘π‘®©—¬ °“√√—°…“ ·≈–

µ‘¥µ“¡º≈°“√√—°…“

°“√«‘‡§√“–Àå°ä“´„π‡≈◊Õ¥ ®”‡ªìπµâÕß¡’§«“¡√Ÿâ

æ◊Èπ∞“π∑“ß √’√«‘∑¬“¢ÕßªÕ¥ °“√¢π àß°ä“´ÕÕ° ‘́‡®π

·≈–°ä“´§“√å∫Õπ‰¥ÕÕ°‰´¥å °“√·≈°‡ª≈’Ë¬π°ä“´  °“√

ª√—∫¥ÿ≈°√¥¥à“ß„π√à“ß°“¬ ·≈–∑’Ë ”§—≠§◊Õ µâÕßπ”Õ“°“√

·≈–Õ“°“√· ¥ß¢ÕßºŸâªÉ«¬¡“ª√–°Õ∫°“√«‘‡§√“–Àå°ä“´

„π‡≈◊Õ¥¥â«¬‡ ¡Õ

Oxygenation and oxygen transportation1-3

„π¿“«–ª°µ‘√à“ß°“¬¡’°“√ √â“ßæ≈—ßß“π®“°‡´≈≈å

µ≈Õ¥‡«≈“‚¥¬¢∫«π°“√ oxidative (aerobic) metabo-

lism ¢∫«π°“√π’ÈµâÕß°“√°ä“´ÕÕ°´‘‡®π  ́ ÷Ëß‰¥â®“°°“√

À“¬„®‡Õ“ÕÕ°´‘‡®π„π∫√√¬“°“»‡¢â“ Ÿà∑“ß‡¥‘πÀ“¬„® ·≈–

ªÕ¥ ‡æ◊ËÕ·≈°‡ª≈’Ë¬π‡¢â“ Ÿà°√–· ‡≈◊Õ¥  ·≈– àß‰ª¬—ß à«π

µà“ßÊ ¢Õß√à“ß°“¬

§«“¡¥—π°ä“´ÕÕ°´‘‡®π„π∫√√¬“°“»∑’Ë√–¥—∫πÈ”

∑–‡≈ (PIO2) ‡∑à“°—∫ 149 mm Hg §”π«≥‰¥â®“° ¡°“√

PIO2 = FI O2 X (Patm - PH2O)

= 0.21 X (760-47) mmHg

= 149 mmHg

PIO2 = §«“¡¥—π°ä“´ÕÕ°´‘‡®π„π∫√√¬“°“»

FIO2 = §«“¡‡¢â¡¢âπ¢Õß°ä“´ÕÕ°´‘‡®π„π

∫√√¬“°“» = 21%

Patm = §«“¡¥—π∫√√¬“°“»∑’Ë√–¥—∫πÈ”∑–‡≈

= 760 mmHg

PH2O = §«“¡¥—π‰ÕπÈ”„π∫√√¬“°“»

= 47  mmHg

§«“¡¥—π°ä“´ÕÕ°´‘‡®π∑’Ë∂ÿß≈¡ªÕ¥ (PAO2) ®–

≈¥≈ß‡À≈◊Õ 100 mmHg ‡π◊ËÕß®“°¡’°“√‡æ‘Ë¡¢Õß‰ÕπÈ”

·≈–°ä“´§“√å∫Õπ‰¥ÕÕ°‰´¥å„π∂ÿß≈¡ªÕ¥ °ä“´ÕÕ°´‘‡®π

®–´÷¡ºà“π alveolar-capillary membrane ‡¢â“ Ÿà

°√–· ‡≈◊Õ¥ §«“¡¥—π°ä“´ÕÕ° ‘́‡®π„π mixed venous

blood (PvO2) °àÕπ√—∫ÕÕ°´‘‡®π®“°∂ÿß≈¡ªÕ¥‡∑à“°—∫

40 mmHg ́ ÷Ëß«—¥‰¥â∑’Ë pulmonary artery ·≈–‡ªìπ‡≈◊Õ¥¥”

®“°Õ«—¬«–µà“ßÊ¡“√«¡°—π §«“¡¥—π°ä“´ÕÕ°´‘‡®π„π

‡≈◊Õ¥·¥ß (PaO2) À≈—ß®“°√—∫ÕÕ°´‘‡®π·≈â«‡∑à“°—∫ 95

mmHg ¥—ß¿“æ∑’Ë 1

Oxygen content (CaO2)
1,2,3,4

§◊Õª√‘¡“≥ÕÕ°´‘‡®π∑—ÈßÀ¡¥„π‡≈◊Õ¥·¥ß´÷Ëß

ª√–¡“≥√âÕ¬≈– 98 ®—∫°—∫Œ’‚¡‚°≈∫‘π (Hb)  ÕÕ°´‘‡®π

 à«ππ’È«—¥‰¥â®“° oxygen saturation (SaO2)  ÕÕ° ‘́‡®π

Õ’°√âÕ¬≈– 2 ≈–≈“¬Õ¬Ÿà„πæ≈“ ¡“´÷Ëß«—¥‰¥â®“° partial

pressure of  arterial oxygen (PaO2) ¥—ßπ—Èπ

¿“æ∑’Ë 1  §«“¡¥—π°ä“´ÕÕ° ‘́‡®π∑’Ë√–¥—∫µà“ßÊ „π√à“ß°“¬

PVO2 = 40 mmHg PaO2 = 95 mmHg

Pulmonary capillary





PIO2= 149 mmHg

PAO2=100 mmHg 

alveoli
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CaO2 (ml/dl of blood)

= O2 ∑’Ë®—∫°—∫ Hb + O2 ∑’Ë≈–≈“¬„πæ≈“ ¡“

= (1.34 x Hb x SaO2) + (0.003 x PaO2)

∂â“ Hb = 15 gm%, SaO2 = 97%,

PaO2 = 100 mmHg

CaO2 =  (1.34 x 15 x 0.97)

    + (0.003 x 100) ml/dl of blood

=  19.5 + 0.3 ml/dl of blood

~  20 ml/dl of blood

Oxygen - hemoglobin  dissociation curve1,2,3,4

¿“æ∑’Ë 2 ‡ªìπ°√“ø· ¥ß§«“¡ —¡æ—π∏å√–À«à“ß

PaO2 ·≈– SaO2 ¡’§«“¡ ”§—≠§◊Õ

1. °“√‡∫’Ë¬ß‡∫π¢Õß°√“ø ∫Õ°∂÷ß§«“¡ “¡“√∂

„π°“√®—∫À√◊Õª≈àÕ¬ÕÕ°´‘‡®π¢ÕßŒ’‚¡‚°≈∫‘π‚¥¬

æ‘®“√≥“®“° P50 (§à“ PaO2 ∑’Ë SaO2 ‡∑à“°—∫ 50%) P50

ª°µ‘ ‡∑à“°—∫  27 mmHg ∂â“ curve ‡∫’Ë¬ß‡∫π‰ª∑“ß¢«“

(shift to the right) · ¥ß«à“ Hb ®—∫°—∫ O2 ‰¥âπâÕ¬≈ß

(affinity ≈¥≈ß) ª≈àÕ¬ O2 „Àâ plasma (    PaO2) ·≈–

tissue ¡“°¢÷Èπ ∂â“°√“ø‡∫’Ë¬ß‡∫π‰ª∑“ß´â“¬ (shift to

the left) · ¥ß«à“ Hb ®—∫°—∫ O2 ·πàπ¢÷Èπ (affinity ‡æ‘Ë¡

¢÷Èπ) ª≈àÕ¬ O2 „Àâ plasma ·≈– tissue ≈¥≈ß ªí®®—¬∑’Ë

¡’º≈µàÕ°“√‡∫’Ë¬ß‡∫π¢Õß°√“ø· ¥ß„πµ“√“ß∑’Ë 1

¿“æ∑’Ë 2  Oxygen - hemoglobin  dissociation curve

2. ®“°√Ÿª√à“ß¢Õß°√“ø  à«π flat portion ¥â“π

∫πµ—Èß·µà PaO2  ¡“°°«à“ 60 mmHg °“√≈¥≈ß¢Õß

PaO2 ¡’º≈µàÕ°“√‡ª≈’Ë¬π·ª≈ß¢Õß SaO2 ·≈– oxygen

content πâÕ¬¡“° ·µà à«π∑’Ë‡ªìπ steep portion §◊Õ

 à«π¢Õß°√“ø∑’Ë PaO2 πâÕ¬°«à“ 60 mmHg °“√‡ª≈’Ë¬π

·ª≈ß¢Õß PaO2 ‡æ’¬ß‡≈Á°πâÕ¬®–¡’º≈µàÕ SaO2 ·≈–

oxygen content  Õ¬à“ß¡“°

Shift to the right

acidosis
hypercapnia
fever

increased 2,3 DPG
certain congenital

hemoglobinopathies

Shift to the left
alkalosis
hypocapnia

hypothermia
decreased 2,3 DPG
certain congenital

hemoglobinopathies
fetal hemoglobin
carboxyhemoglobin

µ“√“ß∑’Ë 1 ªí®®—¬∑’Ë∑”„Àâ Oxygen - hemoglobin dissocia-
tion curve ‡∫’Ë¬ß‡∫π®“°ª°µ‘5
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Hypoxemia
§◊Õ ¿“«–∑’Ë¡’°“√≈¥≈ß¢Õß§«“¡¥—π°ä“´ÕÕ°´‘-

‡®π„π‡≈◊Õ¥·¥ß (PaO2)

§à“ª°µ‘¢Õß§«“¡¥—π°ä“´ÕÕ°´‘‡®π„π‡≈◊Õ¥·¥ß

(PaO2) ‡∑à“°—∫ 80-100 mmHg

PaO2 60-80 mmHg....mild  hypoxemia

40-60 mmHg......moderate hypoxemia

< 40  mmHg....severe hypoxemia

 “‡Àµÿ¢Õß Hypoxemia6,7 ‰¥â·°à

1. Inadequate inspiratory partial pressure

of oxygen (   PIO2)

¡’°“√À“¬„®®“°∫√√¬“°“»∑’Ë¡’§«“¡¥—π°ä“´

ÕÕ° ‘́‡®π (PIO2) µË” ‡™àπ °“√¢÷Èπ‰ªÕ¬Ÿà„π∑’Ë Ÿß∑’Ë¡’§«“¡

¥—π∫√√¬“°“»µË” À√◊Õ°“√À“¬„®„π∫√√¬“°“»∑’Ë¡’°ä“´

Õ◊Ëπº ¡®”π«π¡“°‡™àπ °ä“´§“√å∫Õπ¡ÕπÕÕ°‰´¥å

∑Ì“„Àâ¡’°“√≈¥≈ß¢Õß§«“¡¥—πÕÕ°´‘‡®π„π∂ÿß≈¡ (PAO2)

·≈–„π‡≈◊Õ¥·¥ß(PaO2) §à“ P(A-a)O2 §◊Õ§«“¡·µ°µà“ß

¢Õß§«“¡¥—πÕÕ°´‘‡®π„π∂ÿß≈¡ªÕ¥ (PAO2) ·≈–„π

‡≈◊Õ¥·¥ß (PaO2) ®–ª°µ‘‡π◊ËÕß®“°¿“«– hypoxemia

™π‘¥π’È‰¡à‰¥â‡°‘¥®“°§«“¡º‘¥ª°µ‘„π°“√·≈°‡ª≈’Ë¬π°ä“´

2. Hypoventilation

‡π◊ËÕß®“°§«“¡¥—π¢Õß°ä“´·µà≈–™π‘¥ (partial

pressure) √«¡°—π®–‡∑à“°—∫§«“¡¥—π√«¡∑—ÈßÀ¡¥

§«“¡¥—π√«¡∑’Ë∂ÿß≈¡ªÕ¥ (PA) = PAO2 +

PACO2 + PAN2 + PAH2O  ‚¥¬ PAO2, PACO2, PAN2,

PAH2O §◊Õ§«“¡¥—π„π∂ÿß≈¡ªÕ¥¢Õß O2, CO2, N2 ·≈–

H2O µ“¡≈”¥—∫ ∑’Ë√–¥—∫πÈ”∑–‡≈ §«“¡¥—π√«¡∑’Ë∂ÿß≈¡

ªÕ¥ (PA) ‡∑à“°—∫ 760 mmHg ¥—ßπ—Èπ„π¿“«– hypoven-

tilation ´÷Ëß PACO2 ·≈– PaCO2 ‡æ‘Ë¡¢÷Èπ®–¡’º≈∑”„Àâ

PAO2 ·≈– PaO2 ≈¥≈ß‚¥¬∑’Ë‰¡à¡’§«“¡º‘¥ª°µ‘„π°“√

·≈°‡ª≈’Ë¬π°ä“´  hypoxemia ™π‘¥π’È P(A-a) O2 ª°µ‘

°“√„ÀâÕÕ°´‘‡®π™à«¬≈¥¿“«– hypoxemia ‰¥â·µà§«√

·°â‰¢¿“«– hypoventilation ¥â«¬

3. Ventilation-perfusion disturbances

‡ªìπ¿“«– hypoxemia ∑’Ëæ∫∫àÕ¬∑’Ë ÿ¥ ‡°‘¥®“°

§«“¡‰¡à ¡¥ÿ≈¢Õß ventilation À√◊Õ perfusion ∑’Ë∂ÿß

≈¡ªÕ¥ ‡™àπ pneumonia,  bronchiolitis ́ ÷Ëß¡’ ventila-

tion ≈¥≈ß‡¡◊ËÕ‡∑’¬∫°—∫ perfusion À√◊Õ pulmonary

embolism ∑’Ë¡’ perfusion ‰ªªÕ¥≈¥≈ß hypoxemia

™π‘¥π’È§à“ P(A-a) O2 ®–¡“°¢÷Èπ °“√‡æ‘Ë¡ÕÕ°´‘‡®π·°â‰¢

¿“«– hypoxemia ™π‘¥π’È‰¥â

4. Shunt

§◊Õ°“√‰À≈ºà“π¢Õß‡≈◊Õ¥¥”‡¢â“ Ÿà‡≈◊Õ¥·¥ß

‚¥¬‰¡à¡’°“√·≈°‡ª≈’Ë¬π°ä“´  ·∫àßÕÕ°‰¥â‡ªìπ

- intrapulmonary shunt ‡™àπ acute respi-

ratory distress syndrome À√◊Õ¿“«–∑’Ë¡’‡≈◊Õ¥¥”‰À≈

ºà“π à«π¢ÕßªÕ¥∑’Ë¡’ complete atelectasis À√◊Õ con-

solidation

- extrapulmonary  shunt ‡™àπ tetralogy of

Fallot

hypoxemia ™π‘¥π’È§à“ P(A-a)O2 ¡“°¢÷Èπµ“¡

§«“¡√ÿπ·√ß¢Õß‚√§ °“√„ÀâÕÕ°´‘‡®π‰¡à™à«¬·°â‰¢¿“«–

hypoxemia ™π‘¥π’È

5. Diffusion defect ‡ªìπ¿“«– hypoxemia  ∑’Ë

æ∫‰¥âπâÕ¬ ‡°‘¥®“°§«“¡º‘¥ª°µ‘∑’Ë alveloar-capillary

membrare ∑”„Àâ°ä“´‰¡à “¡“√∂´÷¡ºà“π‰¥â‡µÁ¡∑’Ë ‡™àπ

interstitial lung disease °“√‡æ‘Ë¡ÕÕ°´‘‡®π™à«¬·°â‰¢

(PaO2) ¿“«– hypoxemia ‰¥â

°“√«‘‡§√“–Àå°ä“´„π‡≈◊Õ¥ “¡“√∂™à«¬·¬° “‡Àµÿ

¢Õß hypoxemia ‰¥â¥—ßµ“√“ß∑’Ë 2

Oxygen indices6,7,8

§◊Õ¥—™π’∑’Ë· ¥ßª√– ‘∑∏‘¿“æ„π°“√·≈°‡ª≈’Ë¬π

°ä“´ÕÕ°´‘‡®π (gas exchange) ∑’ËªÕ¥ PaO2 ‡æ’¬ßµ—«

‡¥’¬«‰¡à‡æ’¬ßæÕ  ”À√—∫°“√ª√–‡¡‘πª√– ‘∑∏‘¿“æ„π°“√

·≈°‡ª≈’Ë¬π°ä“´ÕÕ°´‘‡®π ‡π◊ËÕß®“°¬—ß¡’ªí®®—¬Õ◊ËπÊ ∑’Ë

¡’º≈µàÕ PaO2 ¥â«¬ ‡™àπ ¿“«– ventilation, FiO2 ‡ªìπµâπ

„πºŸâªÉ«¬¿“«–«‘°ƒµ°“√ª√–‡¡‘π gas exchange ¡’§«“¡

 ”§—≠„π°“√∫Õ° “‡Àµÿ·≈–§«“¡√ÿπ·√ß¢Õß¿“«– hy-

poxemia °“√À“ oxygen indices ¡’«‘∏’µà“ßÊ ¥—ßπ’È
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1. Alveolar-arterial oxygen tension differ-

ence [P(A-a)O2]

§◊Õ§«“¡·µ°µà“ß¢Õß§«“¡¥—πÕÕ°´‘‡®π„π∂ÿß

≈¡ªÕ¥ (PAO2) ·≈–„π‡≈◊Õ¥·¥ß (PaO2) §”π«≥®“°

P(A-a)O2 = PAO2 - PaO2

PAO2 = PIO2 - PaCO2 / R

PIO2 = (Patm- PH2O) x FIO2

∑’Ë FIO2 0.21 §à“ª°µ‘¢Õß P(A-a)O2 ‡∑à“°—∫

10-20 mmHg P(A-a)O2 ®–‡æ‘Ë¡¢÷Èπµ“¡Õ“¬ÿ∑’Ë¡“°¢÷Èπ

‚¥¬‡©æ“–∂â“Õ“¬ÿ¡“°°«à“ 60 ªï ·≈–µ“¡ FiO2 ∑’Ë‡æ‘Ë¡

¢÷Èπ ÷́Ëß‡ªìπ¢âÕ®”°—¥„π°“√ª√–‡¡‘π°“√·≈°‡ª≈’Ë¬π°ä“´

ÕÕ°´‘‡®π¢Õß¥—™π’π’È

P(A-a)O2 ™à«¬·¬° “‡Àµÿ¢Õß hypoxemia‰¥â

∂â“§à“ª°µ‘· ¥ß«à“¡’¿“«– hypoxemia ®“° hypoven-

tilation À√◊Õ inadequate inspired oxygen tension

§à“®–¡“°¢÷Èπ∂â“¡’¿“«– hypoxemia ®“° V/Q mismatch,

diffusion defect À√◊Õ shunt

2. Arterial-alveolar oxygen tension ratio

(PaO2/PAO2)

· ¥ßÕ—µ√“ à«π¢Õß°ä“´ÕÕ°´‘‡®π„π∂ÿß≈¡

ªÕ¥°—∫°ä“´ÕÕ° ‘́‡®π∑’Ë‡¢â“‰ª Ÿà°√–· ‡≈◊Õ¥ §à“ª°µ‘

¡“°°«à“À√◊Õ‡∑à“°—∫ 0.75  §à“¬‘ËßπâÕ¬· ¥ß«à“¡’§«“¡

º‘¥ª°µ‘¢Õß°“√·≈°‡ª≈’Ë¬π°ä“´¡“°  (PaO2/PAO2)

§àÕπ¢â“ß§ß∑’Ë°«à“ P(A-a)O2 ‚¥¬‡©æ“–‡¡◊ËÕ¡’°“√‡ª≈’Ë¬π

·ª≈ß¢Õß FiO2   ª√–‚¬™πå ”§—≠¢Õß¥—™π’π’È§◊Õ „™â

ª√–¡“≥ FiO2 ‡æ◊ËÕ„Àâ‰¥â PaO2 ∑’ËµâÕß°“√

3. Arterial-inspired oxygen concentration

ratio (PaO2/FiO2)

‡ªìπ oxygen index ∑’Ë„™âßà“¬ §à“ª°µ‘‡∑à“°—∫

400-500  à«π„À≠à„™â‡æ◊ËÕª√–‡¡‘π§«“¡√ÿπ·√ß¢Õß

æ¬“∏‘ ¿“æ„πªÕ¥ ∂â“ PaO2/FiO2 πâÕ¬°«à“ 300 · ¥ß

«à“¡’ acute lung injury, ∂â“πâÕ¬°«à“ 200 · ¥ß«à“¡’

acute respiratory distress syndrome (ARDS) ¢âÕ

®”°—¥¢Õß¥—™π’π’È§◊Õ‰¡à‰¥âπ”§à“ PaCO2 ¡“§”π«≥ °√≥’

∑’ËºŸâªÉ«¬¡’ hypoxemia ®“° hypoventilation PaCO2 ∑’Ë

‡æ‘Ë¡¢÷Èπ∑”„Àâ PaO2 ≈¥≈ß §à“ PaO2/FiO2 ®–≈¥≈ß¥â«¬

‚¥¬∑’ËºŸâªÉ«¬‰¡à¡’§«“¡º‘¥ª°µ‘¢Õß gas exchange À√◊Õ

shunt ¥—™π’π’È®–·¡àπ¬”∑’Ë FiO2 µ—Èß·µà 0.5 ·≈– PaO2

πâÕ¬°«à“ 100 mmHg

4. Respiratory  index (P(A-a) O2 / PaO2)

§à“ª°µ‘πâÕ¬°«à“ 1 ∂â“¡“°°«à“ 5 · ¥ß«à“¡’

¿“«– refractory hypoxemia

Ventilation and carbon dioxide transpor-
tation1,4,9

°ä“´§“√å∫Õπ‰¥ÕÕ°‰´¥å (CO2) ́ ÷Ëß‡°‘¥®“°¢∫«π

°“√ √â“ßæ≈—ßß“π¿“¬„π‡´≈≈åºà“π‡¢â“¡“„π°√–· ‡≈◊Õ¥

®–Õ¬Ÿà„π 3 √Ÿª·∫∫ §◊Õ

1. √âÕ¬≈– 70 Õ¬Ÿà„π√Ÿª‰∫§“√å∫Õ‡πµ (HCO3
-)

‚¥¬°ä“´§“√å∫Õπ‰¥ÕÕ°‰´¥å (CO2)√«¡µ—«°—∫πÈ” (H2O)

·≈–·µ°µ—«‰¥â H+ + HCO-
3 ¥—ß¿“æ∑’Ë 3  à«π„À≠à‡°‘¥

¢÷Èπ¿“¬„π‡´≈≈å‡¡Á¥‡≈◊Õ¥·¥ß  à«ππâÕ¬‡°‘¥¢÷Èπ„πæ≈“ ¡“

‡π◊ËÕß®“°„π‡´≈≈å‡¡Á¥‡≈◊Õ¥·¥ß¡’‡ÕÁπ‰´¡å carbonic anhy-

µ“√“ß∑’Ë 2  °“√„™â arterial blood gases ™à«¬·¬° “‡Àµÿ¢Õß hypoxemia7

 “‡Àµÿ
   PIO2

Hypoventilation
V/Q mismatch
Diffusion defect

Shunt

PaO2 PaCO2

N

,N,
N,

N,

P(A-a)O2

N

N

PaO2

N

N
N
N

100% O2Room air
PaCO2

N

,N,
N,

N,
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drase ∑’Ë™à«¬‡√àßªØ‘°√‘¬“ H2O+CO2     H2CO3

2. √âÕ¬≈– 10 „π√Ÿª¢Õß°ä“´§“√å∫Õπ‰¥ÕÕ°‰´¥å

(CO2) ∑’Ë≈–≈“¬„πæ≈“ ¡“ (dissolved CO2)

3. √âÕ¬≈– 20 ®—∫°—∫‚ª√µ’π„π‡≈◊Õ¥´÷Ëß à«π„À≠à

‡ªìπŒ’‚¡‚°≈∫‘π°≈“¬‡ªìπ carbaminohemoglobin (CO2

HHb)

‡¡◊ËÕ‰ª∂÷ßªÕ¥°ä“´§“√å∫Õπ‰¥ÕÕ°‰´¥å∑’Ë≈–≈“¬

„πæ≈“ ¡“®– ÷́¡ºà“π‡¢â“‰ª„π∂ÿß≈¡ªÕ¥ „π¢≥–∑’Ë°√¥

§“√å∫Õπ‘§„π‡´≈≈å‡¡Á¥‡≈◊Õ¥·¥ß®–·µ°µ—«‡ªìπ H2O+CO2

¡“°¢÷Èπ „Àâ CO2 ºà“π‡¢â“¡“„πæ≈“ ¡“·≈–¢—∫ÕÕ°∑“ß

∂ÿß≈¡µàÕ‰ª ¥—ß¿“æ∑’Ë 4  à«π carbaminohemoglobin

®–ª≈¥ª≈àÕ¬ CO2 ÕÕ°¡“·≈–∂Ÿ°¢—∫ÕÕ°∑’ËªÕ¥‡™àπ°—π

§«“¡ —¡æ—π∏å√–À«à“ß PaCO2 ·≈– alveolar ven-
tilation

Õ“°“»∑’ËÀ“¬„®‡¢â“·µà≈–§√—Èß®–¡’ à«πÀπ÷Ëß∑’Ë¡’°“√

·≈°‡ª≈’Ë¬π°ä“´‡√’¬°«à“ alveolar ventilation Õ“°“»

Õ’° à«πÀπ÷Ëß‰¡à¡’°“√·≈°‡ª≈’Ë¬π°ä“´‡°‘¥¢÷Èπ‡√’¬°«à“ dead

space ventilation

„π∫√√¬“°“»§«“¡¥—π°ä“´ CO2 ¡’πâÕ¬¡“°

ª√–¡“≥ 0.3 mmHg ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫„π∂ÿß≈¡ªÕ¥

´÷Ëß‡∑à“°—∫ 40 mmHg ‡¡◊ËÕ¡’°“√À“¬„®®–∑Ì“„Àâ§«“¡¥—π

°ä“´ CO2 „π∂ÿß≈¡≈¥≈ß‡π◊ËÕß®“°¡’°“√·æ√à¢Õß°ä“´

CO2 „π∂ÿß≈¡ÕÕ°¡“„π∫√√¬“°“» ∂â“‡æ‘Ë¡°“√À“¬„®¢÷Èπ

(‡æ‘Ë¡ alveolar ventilation)®–∑”„Àâ§«“¡¥—π°ä“´ CO2

„π∂ÿß≈¡ (PACO2) ≈¥µË”≈ß‰ªÕ’°·≈–¡’º≈„Àâ PaCO2

≈¥µË”≈ß‰ª¥â«¬Õ“®°≈à“«‰¥â«à“ PaCO2 ‡ªìπµ—«∫Õ°¿“«–

alveolar ventilation πÕ°®“° alveolar ventilation ·≈â«

PaCO2 ¬—ß¢÷Èπ°—∫°ä“´ CO2 ∑’Ë√à“ß°“¬ √â“ß¢÷Èπ¥â«¬¥—ß

 ¡°“√µàÕ‰ªπ’È

PaCO2 = Vco2/VA

‚¥¬ Vco2 = CO2 production

VA = alveolar ventilation

PaCO2 ª°µ‘‡∑à“°—∫ 40 mmHg (35-45 mmHg)

§«“¡ —¡æ—π∏å√–À«à“ß PaCO2 ·≈– pH
pH „™â∫Õ°¿“«–°√¥-¥à“ß¢Õß√à“ß°“¬ ‡∑à“°—∫

negative log [H+] À√◊Õ log [1/ [H+] ] ¥—ßπ—Èπ

pH  α  1/ [H+]

∂â“ pH ≈¥≈ß· ¥ß«à“¡’°√¥ [H+] „π√à“ß°“¬‡æ‘Ë¡

¢÷Èπ

pH  ª°µ‘‡∑à“°—∫ 7.4  (7.35-7.45)

pH ¡’§«“¡ —¡æ—π∏å°—∫ PaCO2 ·≈– HCO-
3

µ“¡ Henderson - Hasselbalch equation ¥—ßπ’È

∂â“ PaCO2 ‡æ‘Ë¡¢÷Èπ®–¡’º≈∑”„Àâ pH ≈¥≈ß´÷Ëß

À¡“¬∂÷ß √à“ß°“¬¡’§«“¡‡ªìπ°√¥¡“°¢÷Èπ·≈–∂â“ PaCO2

≈¥≈ß°Á®–¡’º≈„π∑“ßµ√ß¢â“¡¥—ßµ“√“ß∑’Ë 3

¥—ßπ—Èπ®÷ß°≈à“«‰¥â«à“ CO2 ¡’∫∑∫“∑‡°’Ë¬«¢âÕß°—∫

°√¥-¥à“ß„π√à“ß°“¬ √à“ß°“¬ª√—∫À√◊Õ§«∫§ÿ¡‚¥¬ºà“π°≈‰°

°“√À“¬„® (alveolar ventilation)
¿“æ∑’Ë 4 °“√¢π àß°ä“´ CO2 ®“°°√–· ‡≈◊Õ¥‡æ◊ËÕ¢—∫ÕÕ°

∑’ËªÕ¥

¿“æ∑’Ë 3 °“√¢π àß°ä“´ CO2 ®“°‡´≈≈å‡¢â“ Ÿà°√–· ‡≈◊Õ¥

Cell

CO2

Blood

H2O+CO2      H2CO3      H
+ + HCO-

3

pH = pK + log  [HCO-
3]

 [H2CO3]
= pK + log  [HCO-

3]
[0.03xPaCO2]

Alveolus
CO2

Blood

H2O+CO2      H2CO3      H
+ + HCO-

3
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2. ‡ªìπ buffer ∑’Ë ”§—≠„π bicarbonate-carbonic

acid buffer system §à“ª°µ‘¢Õß‰∫§“√å∫Õ‡πµ (HCO-
3)

‡∑à“°—∫ 22-26 mEq/L

Base excess (BE) ‡ªìπ§à“∫Õ°ª√‘¡“≥°√¥-

¥à“ß„π√à“ß°“¬ §à“ª°µ‘‡∑à“°—∫ + 2 mEq/L

°≈‰°°“√§«∫§ÿ¡ ¡¥ÿ≈°√¥-¥à“ß„π√à“ß°“¬
„π¿“«–ª°µ‘√à“ß°“¬Õ¬Ÿà„π¿“«– ¡¥ÿ≈√–À«à“ß

°√¥·≈–¥à“ß‡æ◊ËÕ„Àâ‡´≈≈å “¡“√∂∑”ß“π‰¥âÕ¬à“ß¡’

ª√– ‘∑∏‘¿“æ ‡¡◊ËÕ‡°‘¥¿“«–°√¥-¥à“ßº‘¥ª°µ‘‰ª √à“ß°“¬

®–æ¬“¬“¡ª√—∫„Àâ°≈—∫¡“„°≈â‡§’¬ßª°µ‘‚¥¬„™â°≈‰°

µà“ßÊ ¥—ßπ’È

1. Buffer system ‡ªìπ°≈‰°·√°¢Õß√à“ß°“¬

∑’Ë‡¢â“‰ª·°â‰¢¥ÿ≈°√¥-¥à“ß∑’Ëº‘¥ª°µ‘„π∑—π∑’·≈–∑”ß“π

‰¥â√«¥‡√Á«¡“° ¿“¬„π‡«≈“ 10-15 π“∑’ buffer ∑’Ë ”§—≠

„π√à“ß°“¬‰¥â·°à ‰∫§“√å∫Õ‡πµ ‚ª√µ’π Œ’‚¡‚°≈∫‘π·≈–

øÕ ‡øµ ‡ªìπµâπ  “√ buffer æ∫‰¥â„π à«πµà“ßÊ ¢Õß

√à“ß°“¬ ‡™àπ  “√πÈ”¿“¬„π‡´≈≈å (intracellular fluid)

‡¡Á¥‡≈◊Õ¥·¥ß æ≈“ ¡“ ·≈– “√πÈ”¿“¬πÕ°‡´≈≈å (ex-

tracellular fluid) Õ◊ËπÊ ·µà buffer ∑’Ë ”§—≠·≈–¡’¡“°

∑’Ë ÿ¥„π “√πÈ”¿“¬πÕ°‡´≈≈å (extracellular  fluid) §◊Õ

bicarbonate - carbonic acid buffer ́ ÷Ëß¡’ buffer 2 µ—«

§◊Õ bicarbonate (HCO-
3) ·≈– carbonic acid (H2CO3)

¿“«–∑’Ë√à“ß°“¬¡’°√¥¡“°¢÷Èπ H+®–√«¡°—∫ HCO-
3 ‰¥â‡ªìπ

H2CO3 ´÷Ëß‡ªìπ°√¥ÕàÕπ „π¿“«–∑’Ë¡’§«“¡‡ªìπ¥à“ß¡“°

¢÷Èπ OH- ®–√«¡°—∫ H2CO3 ‰¥â‡ªìπ H2O + HCO-
3  ´÷Ëß

‡ªìπ¥à“ßÕàÕπ∑”„Àâ√à“ß°“¬‰¡à‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß¢Õß

°√¥-¥à“ß¡“°‡°‘π‰ª ∂â“ buffer system ¬—ß‰¡à “¡“√∂

·°â‰¢¥ÿ≈°√¥¥à“ß∑’Ëº‘¥ª°µ‘√à“ß°“¬®–π”Õ’° 2 °≈‰°‡¢â“

¡“™à«¬

2. Ventilatory mechanism „™â‡«≈“‡ªìππ“∑’

∂÷ß™—Ë«‚¡ß„π°“√∑”ß“π‚¥¬¡’ªÕ¥‡ªìπÕ«—¬«– ”§—≠∑’Ë

‡æ‘Ë¡°“√À“¬„® (hyperventilation) À√◊Õ≈¥°“√À“¬„®

(hypoventilation) ´÷Ëß¡’º≈µàÕ PaCO2 ·≈–°“√‡ª≈’Ë¬π

®“°§«“¡ —¡æ—π∏å√–À«à“ß§à“ PaCO2 ·≈– pH „π

µ“√“ß∑’Ë 3 æ∫«à“

∑’Ë PaCO2 40  mmHg pH  =  7.4

PaCO2 ‡æ‘Ë¡¢÷Èπ 20 mmHg (®“° 40 mmHg)

.........pH ≈¥≈ß 0.1

PaCO2 ≈¥≈ß 10 mmHg (®“° 40 mmHg)

.........pH ‡æ‘Ë¡¢÷Èπ 0.1

pH ∑’Ë‰¥â®“°°“√§”π«≥‡√’¬°«à“ predicted pH,

 à«π measured pH À√◊Õ actual pH ‡ªìπ§à“∑’Ë«—¥‰¥â

®√‘ß®“°‡§√◊ËÕß«‘‡§√“–Àå arterial blood gas

Acid - base status1,11,12,13

°√¥„π√à“ß°“¬¡’ 2 °≈ÿà¡„À≠àÊ §◊Õ

1. Volatile acid  §◊Õ °√¥∑’Ë “¡“√∂√–‡À¬‡ªìπ

°ä“´‰¥â ‡™àπ H2CO3 ´÷Ëß√à“ß°“¬°”®—¥ÕÕ°∑“ßªÕ¥

2. Nonvolatile acid §◊Õ °√¥∑’Ë‰¥â®“°°“√‡º“

º≈“≠Õ“À“√„π√à“ß°“¬ ‡™àπ lactic  acid, ketotic acid,

organic acid ·≈– inorganic acid √à“ß°“¬°”®—¥°√¥

‡À≈à“π’ÈÕÕ°∑“ß‰µ

‰∫§“√å∫Õ‡πµ ( HCO-
3) : ∫∑∫“∑ ”§—≠¢Õß

HCO-
3 „π√à“ß°“¬§◊Õ

1. ‡ªìπµ—«∫Õ°∂÷ß¿“«–¥à“ß„π√à“ß°“¬ ‚¥¬¡’‰µ

∑”Àπâ“∑’Ë¢—∫À√◊Õ‡°Á∫ HCO-
3  „π¿“«–ª°µ‘ pH ¢Õß

√à“ß°“¬ª√–¡“≥ 7.4 ®–¡’ —¥ à«π HCO-
3:H2CO3 (base:

acid) ‡∑à“°—∫ 20 : 1 ∂â“¡’°“√‡ª≈’Ë¬π·ª≈ß¢Õß HCO-
3

°Á®–¡’º≈µàÕ¿“«–°√¥-¥à“ß„π√à“ß°“¬ (metabolic  acido-

sis, metabolic alkalosis)

pH
7.2

7.3
7.4
7.5

7.6

PaCO2 (mmHg)
 80

60
40
30

20

µ“√“ß∑’Ë 3  §«“¡ —¡æ—π∏å√–À«à“ß§à“ PaCO2 ·≈– pH
10
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·ª≈ß¢Õß¿“«–°√¥-¥à“ß (pH) „π√à“ß°“¬µàÕ‰ª (√“¬

≈–‡Õ’¬¥Õ¬Ÿà„π‡√◊ËÕß ventilation and carbondioxide

transportation)

„π¿“«–∑’Ë‡≈◊Õ¥‡ªìπ°√¥ (acidosis) HCO-
3 ®–

√«¡°—∫ H+ ∑’Ë‡æ‘Ë¡¢÷Èπ‰¥â°ä“´ CO2 (H
++ HCO-

3      H2CO3

    H2O + CO2) ´÷¡ºà“π blood brain barrier ‡¢â“ Ÿà

cerebrospinal fluid ·≈–∑”ªØ‘°√‘¬“°—∫ H2O ‰¥â H2CO3

·≈–·µ°µ—«‡ªìπ H++ HCO-
3 ‚¥¬ H

+ ®–‡ªìπµ—«°√–µÿâπ

»Ÿπ¬åÀ“¬„®„π ¡Õß∑”„Àâ‡°‘¥ hyperventilation ‡æ◊ËÕ

¢—∫°ä“´ CO2 ÕÕ° πÕ°®“°π’È H+ „π°√–· ‡≈◊Õ¥¬—ß™à«¬

°√–µÿâπ peripheral chemoreceptor Õ’°¥â«¬1,14

„π¿“«–∑’Ë‡≈◊Õ¥‡ªìπ¥à“ß (alkalosis) √à“ß°“¬„™â

H2CO3 ∑”ªØ‘°√‘¬“°—∫¥à“ß (OH -)  (OH-+H2CO3

HCO-
3 + H2O) ∑Ì“„Àâ H2CO3 ·≈– CO2 ≈¥≈ßº≈®“°

°“√≈¥≈ß¢Õß CO2 ∑”„Àâ ‡°‘¥ hypoventilation1,14

3. Metabolic mechanism „™â‡«≈“‡ªìπ™—Ë«‚¡ß

∂÷ß‡ªìπ«—π ·≈–‡µÁ¡∑’Ë¿“¬„π 3-6 «—π ‚¥¬¡’‰µ‡ªìπÕ«—¬«–

 ”§—≠„π°≈‰°π’È´÷Ëßª√–°Õ∫¥â«¬ 3 «‘∏’§◊Õ

3.1 °“√¥Ÿ¥ ÷́¡ bicarbonate ∑’Ë°√Õßºà“π

glomeruli °≈—∫∑’Ë proximal tubule (bicarbonate

resorption) √âÕ¬≈– 75 ¢Õß bicarbonate ∑’Ë∂Ÿ°°√Õß

®“°‰µ®–∂Ÿ°¥Ÿ¥°≈—∫∫√‘‡«≥π’È‚¥¬°≈‰°¥—ßπ’È§◊Õ (¿“æ∑’Ë 5)

- H+ ∂Ÿ°¢—∫®“° tubular cell ‡¢â“¡“„π

lumen ‚¥¬°“√·≈°‡ª≈’Ë¬π°—∫ Na+

- H+  „π tubule ®–√«¡°—∫ HCO-
3 ‡ªìπ

H2CO3 ·≈–·µ°µ—«‡ªìπ H2O + CO2

- CO2 ∑’Ë‰¥â®–°≈—∫‡¢â“ Ÿà tubular cell ·≈–

√«¡°—∫ H2O ‡ªìπ H2CO3 ·≈–·µ°µ—«‡ªìπ H++ HCO-
3

- H+ ∑’Ë‰¥â®–∂Ÿ°¢—∫‡¢â“‰ª„π tubule ‡æ◊ËÕ

√«¡°—∫ HCO-
3 µàÕ‰ª

3.2 °“√¢—∫°√¥ (H+) ÕÕ°¡“„πªí  “«–∑’Ë

distal tubule ·≈– collecting duct

- H+ ∑’Ë∂Ÿ°¢—∫ÕÕ°¡“®“° tubular cell

®–√«¡°—∫ NH3 ‡ªìπ NH+
4 À√◊Õ√«¡°—∫‡°≈◊ÕøÕ ‡øµ

(HPO-2
4, NaHPO-

4) ∑”„Àâ H+ ∂Ÿ°¢—∫ÕÕ°∑“ßªí  “«–

¥—ß¿“æ∑’Ë 6

3.3 °“√¢—∫ bicarbonate ®“° distal tubule

·≈– collecting duct ÕÕ°¡“„πªí  “«–°√≥’∑’Ë√à“ß°“¬

¡’¿“«–‡ªìπ¥à“ß

‚¥¬ √ÿª ¿“«–°√¥-¥à“ß∑’Ëº‘¥ª°µ‘‡©’¬∫æ≈—π

(acute phase À√◊Õ uncompensated) §à“ pH ®–‡ª≈’Ë¬π

·ª≈ß‰ª®“°ª°µ‘¡“° √à“ß°“¬æ¬“¬“¡„™â°≈‰°µà“ßÊ ¥—ß

°≈à“«‡¢â“¡“™à«¬ „π√–¬– subacute phase À√◊Õ partially

compensated phase pH ¬—ß‰¡à°≈—∫¡“Õ¬Ÿà„π™à«ßª°µ‘

(7.35-7.45) ®π°√–∑—Ëß√–¬– chronic phase (completely

compensated phase) ´÷Ëß√à“ß°“¬æ¬“¬“¡ª√—∫®π‰¥â

pH „°≈â‡§’¬ßª°µ‘¡“°∑’Ë ÿ¥ µ—«Õ¬à“ß‡™àπ¿“«–∑’Ë√à“ß°“¬

‡°‘¥ metabolic acidosis, buffer system ®–‡¢â“¡“·°â‰¢

‡ªìπ°≈‰°·√°‚¥¬„™â bicarbonate-carbonic acid buffer

·µà∂â“ metabolic acidosis ¬—ß¥”‡π‘πµàÕ‰ª √à“ß°“¬®–„™â

ventilatory ·≈– metabolic mechanism ‡æ‘Ë¡°“√À“¬„®

(alveolar hyperventilation) ∑”„Àâ PaCO2 ≈¥≈ß √à“ß°“¬

¡’°√¥≈¥≈ß  à«π‰µ∑”Àπâ“∑’Ë¥Ÿ¥ bicarbonate ®“° proxi-

mal tubule ‡æ‘Ë¡¡“°¢÷Èπ ·≈–æ¬“¬“¡¢—∫°√¥ÕÕ°∑“ß

ªí  “«– Õ¬à“ß‰√°Áµ“¡„π°“√ª√—∫¥ÿ≈°√¥-¥à“ß®–‰¡àæ∫

¿“«– overcompensation (À¡“¬∂÷ß °“√ª√—∫¥ÿ≈°√¥-

¿“æ∑’Ë 5 °≈‰°°“√¥Ÿ¥´÷¡ bicarbonate °≈—∫∑’Ë proximal
tubule (bicarbonate resorption)12

ECF

NaHCO3

CO2

H2O+CO2 CO2+H2O

H2CO3 

H+

Renal

tubules

(Carbonic

anhydrase)H2CO3

Na+ Na++ HCO3
-

HCO3+H+-
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¥à“ß®“° pH ∑’Ë‡ªìπ°√¥‰ª Ÿà pH ∑’Ë‡ªìπ¥à“ßÀ√◊Õ„π∑“ß

µ√ß¢â“¡®“°  pH ∑’Ë‡ªìπ¥à“ß ¡’°“√ª√—∫®π pH ‡ªìπ°√¥)

™π‘¥¢Õß¿“«–°√¥-¥à“ßº‘¥ª°µ‘
·∫àß‡ªìπ simple acid-base disorders ·≈–

mixed acid-base disorders

Simple acid-base disorders
¡’§«“¡º‘¥ª°µ‘¢Õß°√¥À√◊Õ¥à“ß‡æ’¬ßÕ¬à“ß‡¥’¬«

·∫àßÕÕ°‡ªìπ 4 ™π‘¥§◊Õ

1. Respiratory alkalosis §◊Õ ¿“«–∑’Ë√à“ß°“¬

¡’ PaCO2 πâÕ¬°«à“ª°µ‘ ‡°‘¥®“°¡’ alveolar hyper-

ventilation

º≈ arterial blood gases : pH > 7.45 ·≈–

PaCO2 < 35 mmHg

°“√‡ª≈’Ë¬π·ª≈ß¢Õß HCO-
3
1,13

acute phase:

PaCO2   10 mmHg .. HCO-
3  2.5 mEq/L

chronic phase:

PaCO2 10 mmHg .. HCO-
3 5 mEq/L

2. Respiratory  acidosis  §◊Õ ¿“«–∑’Ë√à“ß°“¬

¡’ PaCO2 ¡“°°«à“ª°µ‘ ®“°°“√¡’ alveolar hyper-

ventilation

º≈ arterial blood gases : pH  < 7.45 ·≈–

PaCO2 > 45 mmHg

°“√‡ª≈’Ë¬π·ª≈ß¢Õß HCO-
3
1,13

acute  phase :

PaCO2   10 mmHg .. HCO-
3   1 mEq/L

chronic phase:

PaCO2 10 mmHg .. HCO-
3   4 mEq/L

3. Metabolic alkalosis  §◊Õ ¿“«–∑’Ë√à“ß°“¬

¡’ HCO-
3 ¡“°°«à“ª°µ‘

º≈ arterial blood gases : pH > 7.45 ·≈–

HCO-
3 > 26 mEq / L

°“√‡ª≈’Ë¬π·ª≈ß¢Õß PaCO2
1,13

HCO-
3 1 mEq/ L.. PaCO2  0.5-0.7 mmHg

4. Metabolic acidosis §◊Õ ¿“«–∑’Ë√à“ß°“¬¡’

HCO-
3 πâÕ¬°«à“ª°µ‘

º≈ arterial blood gases : pH  < 7.35 ·≈–

HCO-
3 < 22 mEq/L

°“√‡ª≈’Ë¬π·ª≈ß¢Õß PaCO2
1,13

HCO-
3 1 mEq/ L.. PaCO2  1-1.5 mmHg

 √ÿª°“√‡ª≈’Ë¬π·ª≈ß§à“µà“ßÊ „π arterial blood

gases ‡¡◊ËÕ¡’°√¥-¥à“ßº‘¥ª°µ‘¥—ßµ“√“ß∑’Ë 4

H2PO4
-

renal cell

CO2 + H2O

HCO-
3 + H

+

HCO-
3 + H

+

NH3

NH+
4

HPO-2
4

renal tubule

¿“æ∑’Ë 6  °≈‰°°“√¢—∫ H+ ÕÕ°∑’Ë‰µ‚¥¬√«¡°—∫ NH3 ·≈– HPO-2
4 

12
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Mixed acid-base disorders
¡’§«“¡º‘¥ª°µ‘¢Õß°√¥-¥à“ß‡∫◊ÈÕßµâπ (primary

disorder) √à«¡°—π¡“°°«à“ 1 Õ¬à“ß ‡™àπ respiratory

acidosis √à«¡°—∫ metabolic acidosis À√◊Õ respira-

tory alkalosis √à«¡°—∫ metabolic acidosis ‡ªìπµâπ

«‘∏’°“√‡®“–‡≈◊Õ¥‡æ◊ËÕµ√«®«‘‡§√“–Àå°ä“´
«‘∏’°“√‡®“–‡≈◊Õ¥‡æ◊ËÕµ√«®«‘‡§√“–Àå°ä“´„π‡¥Á° ¡’

4 «‘∏’ §◊Õ1,14,15,16

1. °“√‡®“–À≈Õ¥‡≈◊Õ¥·¥ß (arterial  puncture)

2. °“√„ à “¬„πÀ≈Õ¥‡≈◊Õ¥·¥ß (arterial line,

arterial catheterization À√◊Õ arterial cannulation)

3. °“√‡®“–À≈Õ¥‡≈◊Õ¥ΩÕ¬ (arterialized cap-

illary  blood sampling)

4. °“√‡®“–À≈Õ¥‡≈◊Õ¥¥” (venous blood sam-

pling)

1. °“√‡®“–À≈Õ¥‡≈◊Õ¥·¥ß (arterial puncture)
µ”·Àπàß :  radial , brachial, posterior  tibial

À√◊Õ dorsalis pedis arteries µ”·Àπàß∑’Ëπ‘¬¡¡“°∑’Ë ÿ¥

§◊Õ radial artery ‡π◊ËÕß®“°¡’ collateral blood flow

∑’Ë¥’®“° ulnar artery ‡ âπ‡≈◊Õ¥Õ¬Ÿà„°≈âº‘«Àπ—ß ·≈–

‰¡à¡’‡ âπª√– “∑Õ¬Ÿà„°≈â™‘¥‡ âπ‡≈◊Õ¥ „π∑“√°·√°‡°‘¥

Õ“®„™â temporal À√◊Õ umbilical arteries

§«√À≈’°‡≈’Ë¬ß axillary ·≈– femoral arteries

¬°‡«âπ„π°√≥’∑’Ë‰¡à “¡“√∂‡®“–®“°‡ âπ‡≈◊Õ¥Õ◊Ëπ‰¥â  ‡π◊ËÕß

®“°‡ªìπ‡ âπ‡≈◊Õ¥·¥ß„À≠àÕ“®‡°‘¥¿“«–·∑√°´âÕπ∑’Ë

√ÿπ·√ß‰¥â ‡™àπ thrombosis ·≈– necrosis ¢Õß·¢π¢“

 à«πª≈“¬µàÕ‡ âπ‡≈◊Õ¥π—Èπ

¢âÕ§«√√–«—ß„π°“√‡®“–‡≈◊Õ¥: „π°“√‡®“– radial

artery §«√∑” modified Allenûs test ‡æ◊ËÕ„Àâ·πà„®«à“¡’

collateral circulation ®“° ulnar artery ‡æ’¬ßæÕ ‚¥¬

„™âπ‘È«¡◊Õ°¥À≈Õ¥‡≈◊Õ¥·¥ß∑—Èß Õß (radial, ulnar artery)

µ“√“ß∑’Ë 4  °“√‡ª≈’Ë¬π·ª≈ß§à“µà“ßÊ „π arterial blood gases ‡¡◊ËÕ¡’°√¥-¥à“ßº‘¥ª°µ‘14

¿“«–

1. Metabolic acidosis
uncompensated (acute)
partially compensated (subacute)

completely compensated (chronic)
2. Metabolic alkalosis

uncompensated (acute)

partially compensated (subacute)
completely compensated (chronic)

3. Respiratory acidosis

uncompensated (acute)
partially compensated (subacute)
completely compensated (chronic)

4. Respiratory alkalosis
uncompensated (acute)
partially compensated (subacute)

completely compensated (chronic)

pH

N

N

N

N

N

N

HCO3
-

N

N

B.E.

N

N

PCO2
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∑’Ë¢âÕ¡◊ÕºŸâªÉ«¬¢â“ß∑’Ë®–‡®“–‡≈◊Õ¥ „ÀâºŸâªÉ«¬°”¡◊Õ·πàπ

ª√–¡“≥ 1-3 π“∑’ ·≈â«§≈“¬ÕÕ°®–‡ÀÁπΩÉ“¡◊ÕºŸâªÉ«¬

¢“« ’́¥ ®“°π—Èπª≈àÕ¬π‘È«¡◊Õ∑’Ë°¥ ulnar artery ÕÕ°·≈â«

 —ß‡°µ«à“ΩÉ“¡◊Õ·¥ß¢÷ÈπÀ√◊Õ‰¡à¿“¬„π 10 «‘π“∑’  ∂â“ΩÉ“¡◊Õ

¬—ß¢“«´’¥· ¥ß«à“¡’ collateral circulation ‰¡à‡æ’¬ßæÕ

‰¡à§«√‡®“– radial  artery ¢â“ßπ—Èπ

¿“«–·∑√°´âÕπ15,16

1. ‡°‘¥°“√Õÿ¥µ—πÀ≈Õ¥‡≈◊Õ¥®“°À≈Õ¥‡≈◊Õ¥À¥

µ—« (spasm) °âÕπ‡≈◊Õ¥Õÿ¥µ—π„π‡ âπ‡≈◊Õ¥ (thrombo-

sis) ‡≈◊Õ¥§—Ëß„µâº‘«Àπ—ß (hematoma) ´÷Ëß∑”„Àâ‡π◊ÈÕ‡¬◊ËÕ

 à«πª≈“¬¢“¥‡≈◊Õ¥‰¥â

2. ‡°‘¥ hematoma ∫√‘‡«≥∑’Ë‡®“–‡≈◊Õ¥‡π◊ËÕß®“°

°¥‰¡àπ“πæÕ ¥—ßπ—ÈπÀ≈—ß‡®“–arterial blood gas §«√

°¥∫√‘‡«≥∑’Ë‡®“–π“πª√–¡“≥ 5 π“∑’

3. °“√µ‘¥‡™◊ÈÕ ‡π◊ËÕß®“°‡∑§π‘§°“√‡®“–·≈–

Õÿª°√≥å∑’Ë„™â‰¡à –Õ“¥æÕ

4. ‡°‘¥ embolism ®“°Õ“°“»∑’Ë©’¥‡¢â“‡ âπ‡≈◊Õ¥

‚¥¬∫—ß‡Õ‘≠ À√◊Õ®“° thrombosis

2. °“√„ à “¬„πÀ≈Õ¥‡≈◊Õ¥·¥ß (arterial line, arte-
rial catheterization À√◊Õ arterial cannulation)17

µ”·Àπàß : radial, femoral, axillary, dorsalis

pedis À√◊Õ brachial arteries ∑’Ëπ‘¬¡¡“°∑’Ë ÿ¥§◊Õ ra-

dial artery „π∑“√°·√°‡°‘¥ à«π„À≠à„™â umbilical

artery

¢âÕ∫àß™’È : °√≥’∑’ËµâÕß‡®“–‡≈◊Õ¥·≈–µ‘¥µ“¡º≈

arterial blood gas ∫àÕ¬§√—ÈßÀ√◊ÕµâÕß°“√µ‘¥µ“¡ arte-

rial blood gas Õ¬à“ßµàÕ‡π◊ËÕß (continuous blood gas

monitoring)

¿“«–·∑√°´âÕπ :

- °“√µ‘¥‡™◊ÈÕ (infection) ‡ªìπ¿“«–·∑√°´âÕπ

∑’Ëæ∫¡“°∑’Ë ÿ¥‰¥â·°à catheter-related infection, bacte-

remia À√◊Õ sepsis ∑“ß‡¢â“¢Õß‡™◊ÈÕ‚√§¡“®“°º‘«Àπ—ß

∫√‘‡«≥∑’Ë„ à “¬ catheter Õ—µ√“°“√µ‘¥‡™◊ÈÕ‰¡à·µ°µà“ß

®“°°“√„ à venous catheter ¡’°“√»÷°…“∑’Ëæ∫«à“ ¡’

Õÿ∫—µ‘°“√≥å°“√µ‘¥‡™◊ÈÕπâÕ¬°«à“°“√„ à venous catheter

‡Àµÿº≈‡π◊ËÕß®“°°“√„ à  arterial catheter ¡’°“√„™â sterile

technique ¡“°°«à“∑ÿ°¢—ÈπµÕπµ—Èß·µà‡√‘Ë¡„ à “¬ catheter

·≈–°“√∑”§«“¡ –Õ“¥∫√‘‡«≥∑’Ë„ à “¬ catheter «‘∏’°“√

ªÑÕß°—π§◊Õ„™â sterile technique ∑ÿ°¢—ÈπµÕπ·≈–§«√∑”

§«“¡ –Õ“¥º‘«Àπ—ß∫√‘‡«≥∑’Ë„ à “¬ catheter ∑ÿ°«—π18

- °âÕπ‡≈◊Õ¥Õÿ¥µ—π„π‡ âπ‡≈◊Õ¥ (thrombosis)

ªí®®—¬‡ ’Ë¬ß‰¥â·°à°“√„ àcatheterπ“π catheter¢π“¥„À≠à

‡¡◊ËÕ‡∑’¬∫°—∫‡ âπ‡≈◊Õ¥ ·≈–polyethylene catheter ¡’

‚Õ°“ ‡°‘¥ thrombosis ¡“°°«à“ Teflon catheter19,20

 à«π„À≠à¥’¢÷ÈπÀ≈—ß®“°‡Õ“ catheter ÕÕ° (decannu-

lation) À√◊Õª√–¡“≥ 2-4  —ª¥“Àå

- ‡°‘¥ embolism ‰ª∑’Ë cerebral circulation

 “‡Àµÿ‡°‘¥®“°„™â·√ß¡“°„π°“√¥—π “√≈–≈“¬À√◊ÕÕ“°“»

‡¢â“‰ª„π arterial catheter21

- necrosis ¢Õßª≈“¬¡◊Õª≈“¬‡∑â“æ∫‰¥âπâÕ¬

¡“° (πâÕ¬°«à“√âÕ¬≈– 0.22) ªí®®—¬‡ ’Ë¬ß‰¥â·°à ºŸâªÉ«¬∑’Ë¡’

peripheral vascular disease À√◊Õcollateral circulation

‰¡à‡æ’¬ßæÕ «‘∏’ªÑÕß°—π§◊Õ∂â“ ß —¬À√◊Õæ∫¿“«– ischemia

¢Õßª≈“¬¡◊Õª≈“¬‡∑â“§◊Õª≈“¬¡◊Õª≈“¬‡∑â“¡’≈—°…≥–

‡¬Áπ ´’¥ „Àâ√’∫‡Õ“ catheter ÕÕ°

-  ‡≈◊Õ¥‰À≈‡«’¬π®“° radial artery ≈¥≈ßÀ≈—ß

®“°‡Õ“ catheter ÕÕ° æ∫‰¥â√âÕ¬≈– 7-41  à«π„À≠à

°≈—∫‡ªìπª°µ‘¿“¬„π 3-7 «—π

- ‡≈◊Õ¥‰À≈‰¡àÀ¬ÿ¥¿“¬À≈—ß‡Õ“ catheter ÕÕ°

«‘∏’ªÑÕß°—π§◊ÕÕ¬à“¥÷ß catheter ÕÕ°À¡¥∑—π∑’ „Àâ¥÷ßÕÕ°

¡“∫“ß à«π°àÕπ·≈â«√Õ —°æ—°‡æ◊ËÕ„ÀâÀ≈Õ¥‡≈◊Õ¥À¥µ—«

®÷ß¥÷ß “¬ catheter ÕÕ°∑—ÈßÀ¡¥14 ·≈–°¥º‘«Àπ—ß∫√‘‡«≥

π—Èπ‰«âÕ¬à“ßπâÕ¬ 5 π“∑’

3. °“√‡®“–À≈Õ¥‡≈◊Õ¥ΩÕ¬ (arterialized capillary
blood sampling)

µ”·Àπàß :  âπ‡∑â“À√◊Õª≈“¬π‘È«„π‡¥Á°‡≈Á°  ª≈“¬

π‘È«À√◊Õµ‘ËßÀŸ„π‡¥Á°‚µ´÷Ëß∫√‘‡«≥¥—ß°≈à“«‡ªìπ∫√‘‡«≥∑’Ë

‡ âπ‡≈◊Õ¥ΩÕ¬¡’‡≈◊Õ¥·¥ß¡“‡≈’È¬ß¡“° (highly vascula-
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rized capillary  bed)

¢âÕ§«√√–«—ß„π°“√‡®“–‡≈◊Õ¥ :

- ∫√‘‡«≥∑’Ë‡®“–§«√∑”„ÀâÕÿàπ∑’ËÕÿ≥À¿Ÿ¡‘ 45˚C

ª√–¡“≥ 5-10 π“∑’¥â«¬ πÈ”Õÿàπ, ºâ“™ÿ∫πÈ”Õÿàπ‡æ◊ËÕ„ÀâÀ≈Õ¥

‡≈◊Õ¥ΩÕ¬¢¬“¬µ—«¡’‡≈◊Õ¥·¥ß‰À≈¡“‡≈’È¬ß‰¥â¥’14,15,16

- ‡™Á¥‡≈◊Õ¥À¬¥·√°∑‘Èß

- „Àâ heparinized capillary tube Õ¬Ÿà„°≈â

µ”·Àπàß∑’Ë‡®“–‡≈◊Õ¥¡“°∑’Ë ÿ¥‡æ◊ËÕ‰¡à„Àâ —¡º— ∫√√¬“°“»

À√◊Õ¡’Õ“°“»º ¡„π‡≈◊Õ¥

- ‡≈◊Õ¥§«√‰À≈‰¥â¥’ ‰¡à§«√∫’∫‡§âπ‡æ√“–®–¡’

‡≈◊Õ¥¥”‡¢â“¡“ªπ¡“°∑”„Àâ§à“∑’Ë‰¥â§≈“¥‡§≈◊ËÕπ ∂â“‡≈◊Õ¥

ÕÕ°‰¡à¥’§«√‡®“–„À¡àÕ’°§√—Èß

- ‰¡à§«√‡®“– capillary blood gas ∂â“‡π◊ÈÕ‡¬◊ËÕ

¡’‡≈◊Õ¥¡“‡≈’È¬ß‰¡à‡æ’¬ßæÕ (poor tissue perfusion)

∂â“‡®“–‡≈◊Õ¥¥â«¬«‘∏’∑’Ë∂Ÿ°µâÕß®–‰¥â§à“ pH ·≈–

PaCO2 „°≈â‡§’¬ß°—∫arterial blood gas ‰¡à§«√„™âª√–‡¡‘π

§à“ PaO2
1,15,16

4. °“√‡®“–À≈Õ¥‡≈◊Õ¥¥” (venous blood sam-
pling)

µ”·Àπàß : ‡ âπ‡≈◊Õ¥ à«πª≈“¬À√◊Õ‡ âπ‡≈◊Õ¥¥”

 à«π°≈“ß

¢âÕ§«√æ‘®“√≥“ :

- „™â∫Õ°¿“«–°√¥-¥à“ß„π√à“ß°“¬‰¥â ∂â“ tissue

perfusion ª°µ‘1,15,16 §à“ pH ®–µË”°«à“„π‡≈◊Õ¥·¥ß

ª√–¡“≥ 0.04 §à“ PCO2  Ÿß°«à“„π‡≈◊Õ¥·¥ßª√–¡“≥

5-7 mmHg ·µà∂â“ tissue perfusion ‰¡à¥’§à“ pH ·≈–

HCO-
3 „π‡≈◊Õ¥¥”®–µË”°«à“·≈– PCO2 ®– Ÿß°«à“„π‡≈◊Õ¥

·¥ß¡“°¢÷Èπ

- µ”·Àπàß‡ âπ‡≈◊Õ¥¥” à«πª≈“¬ §à“ blood gas

∑’Ë‰¥â‡ªìπ¢Õß‡π◊ÈÕ‡¬◊ËÕ∫√‘‡«≥π—Èπ à«π§à“ blood gas ∑’Ë‰¥â

®“°‡≈◊Õ¥¥” à«π°≈“ß‡ªìπ§à“‡©≈’Ë¬¢Õß‡≈◊Õ¥¥”®“°Õ«—¬«–

µà“ßÊ

- ‰¡à§«√„™âª√–‡¡‘π¿“«– oxygenation

- °“√‡®“–‡≈◊Õ¥¥” à«πª≈“¬§«√∑”„Àâ∫√‘‡«≥

∑’Ë®–‡®“–Õÿàπ¥â«¬Õÿ≥À¿Ÿ¡‘ 45˚C ª√–¡“≥ 5-10 π“∑’

‡™àπ‡¥’¬«°—∫°“√‡®“–‡≈◊Õ¥·¥ß‡æ◊ËÕ„Àâ¡’ tissue perfu-

sion ∑’Ë¥’14,15

ªí®®—¬∑’Ë∑”„Àâº≈°“√µ√«®«‘‡§√“–Àå°ä“´„π‡≈◊Õ¥
§≈“¥‡§≈◊ËÕπ

1. øÕßÕ“°“»‡¢â“‰ªº ¡„π‡≈◊Õ¥ ¡’º≈µàÕ§à“µà“ßÊ

„π arterial blood gas §◊Õ1,15,16,23

- PaO2 Õ“®®–‡æ‘Ë¡À√◊Õ≈¥≈ß ¢÷Èπ°—∫ PaO2

¢Õß‡≈◊Õ¥«à“¡“°°«à“À√◊ÕπâÕ¬°«à“§«“¡¥—π°ä“´ÕÕ°´‘‡®π

„π∫√√¬“°“» (PIO2) ‡π◊ËÕß®“°„πøÕßÕ“°“»¡’§«“¡¥—π

°ä“´ÕÕ°´‘‡®π‡∑à“°—∫„π∫√√¬“°“» (PIO2) ´÷Ëß‡∑à“°—∫

150 mmHg ∂â“ PaO2 ®√‘ß„π‡≈◊Õ¥‡∑à“°—∫ 80 mmHg

°“√¡’øÕßÕ“°“»º ¡®–∑”„Àâ§à“ PaO2 ‡æ‘Ë¡¢÷Èπ®“°°“√

ª√—∫ ¡¥ÿ≈¢Õß§«“¡¥—π°ä“´ (gas equilibrium) √–À«à“ß

øÕßÕ“°“»°—∫‡≈◊Õ¥

- PaCO2 ≈¥≈ß ‡π◊ËÕß®“°„πøÕßÕ“°“»¡’

§«“¡¥—π°ä“´§“√å∫Õπ‰¥ÕÕ°‰´¥å‡∑à“°—∫„π∫√√¬“°“»

´÷Ëß¡’§à“πâÕ¬¡“°ª√–¡“≥ 0.3 mm Hg

- pH  ‡æ‘Ë¡¢÷Èπ®“° PaCO2 ∑’Ë≈¥≈ß

¢âÕ·π–π”: §«√‰≈àÕ“°“»ÕÕ°∑—π∑’À√◊Õ¿“¬„π

2 π“∑’À≈—ß‡®“–‡≈◊Õ¥·≈–√’∫ «¡ª≈Õ°‡¢Á¡‡æ◊ËÕªÑÕß°—π

°“√ —¡º— °—∫∫√√¬“°“»

2. ª√‘¡“≥ heparin1,15,16,23 ‡π◊ËÕß®“° heparin

‡ªìπ°√¥ÕàÕπ ¡’§«“¡¥—π°ä“´ÕÕ°´‘‡®π·≈–§«“¡¥—π°ä“´

§“√å∫Õπ‰¥ÕÕ°‰´¥å ‡∑à“°—∫„π∫√√¬“°“» (PIO2 = 150

mmHg, PICO2 = 0.3 mmHg) „π‡≈◊Õ¥∑’Ë¡’§à“ PaO2,

PaCO2 ·≈– pH ª°µ‘ °“√¡’ heparin 0.05 ml/‡≈◊Õ¥ 1

ml ®–∑”„Àâ PaO2 ‡æ‘Ë¡¢÷Èπ 4 mmHg , PaCO2 ≈¥≈ß 2

mmHg ·≈– pH ‰¡à‡ª≈’Ë¬π·ª≈ß‡π◊ËÕß®“° heparin ‡ªìπ

°√¥ÕàÕπ·≈–„π‡≈◊Õ¥¡’ buffer system ∑’Ë¥’ ·µà∂â“ª√‘¡“≥

heparin ¡“°¢÷ÈπÕ“®¡’º≈µàÕ pH ·≈–°“√‡ª≈’Ë¬π·ª≈ß

¢Õß PaO2, PaCO2 ¡“°¢÷Èπ

¢âÕ·π–π”:  ”À√—∫‡≈◊Õ¥ 1 ml ª√‘¡“≥ hepa-

rin 0.05 ml (heparin 1000U/ml) ‡æ’¬ßæÕ„π°“√
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ªÑÕß°—π°“√·¢Áßµ—«¢Õß‡≈◊Õ¥15,16,23 ‰¡à§«√‡°‘π 0.1 ml „π

∑“ßªØ‘∫—µ‘À≈—ß¥Ÿ¥ heparin ‡¢â“¡“„π°√–∫Õ°©’¥¬“„Àâ

‡≈◊ËÕπ°√–∫Õ° Ÿ∫‡¢â“ÕÕ°‡æ◊ËÕ„Àâ heparin ©“∫∑—Ë«º‘«¿“¬

„π°√–∫Õ°©’¥¬“·≈â«©’¥ heparin ÕÕ°„ÀâÀ¡¥

3. ª√‘¡“≥‡≈◊Õ¥πâÕ¬‡°‘π‰ª §à“º‘¥æ≈“¥‡™àπ‡¥’¬«

°—∫°“√¡’ heparin ®”π«π¡“°‰ª

4. ‰¡à‡°Á∫‡≈◊Õ¥·™à„ππÈ”·¢Áß∑—π∑’1,15,16,23 ∑”„Àâ¡’

metabolism ®“°‡´≈≈å‡¡Á¥‡≈◊Õ¥ ‡°‘¥°“√„™â°ä“´ÕÕ°´‘-

‡®π·≈–ª≈àÕ¬°ä“´§“√å∫Õπ‰¥ÕÕ°‰´¥åÕÕ°¡“ º≈µàÕ§à“

µà“ßÊ „π arterial blood gas ¡’¥—ßπ’È§◊Õ PaO2 ≈¥≈ß,

PaCO2 ‡æ‘Ë¡¢÷Èπ,  pH ≈¥≈ß

¢âÕ·π–π”: §à“µà“ßÊ ®–§≈“¥‡§≈◊ËÕπ¡“°¢÷Èπ∂â“

√–¬–‡«≈“„π°“√ àßµ√«®π“πÀ√◊Õ®”π«π‡´≈≈å„π‡≈◊Õ¥

¡“°‚¥¬‡©æ“–ºŸâªÉ«¬∑’Ë¡’‡¡Á¥‡≈◊Õ¥¢“«À√◊Õ‡°√Á¥‡≈◊Õ¥ Ÿß

¥—ßπ—Èπ§«√ àßµ√«®‡≈◊Õ¥∑—π∑’À√◊Õ¿“¬„π 10 π“∑’À≈—ß

‡®“–‡≈◊Õ¥∂â“‰¡à‰¥â·™à„ππÈ”·¢Áß °“√‡°Á∫‡≈◊Õ¥∑’ËÕÿ≥À¿Ÿ¡‘

µË”°«à“ 4˚C ®–¡’°“√‡ª≈’Ë¬π·ª≈ßµàÕ§à“µà“ßÊ πâÕ¬¡“°

∂÷ß·¡â®–‡°Á∫‡≈◊Õ¥‰«âπ“π 1 ™—Ë«‚¡ß°àÕπ∑”°“√µ√«®

«‘‡§√“–Àå16

5. ‡®“–‡¢â“‡≈◊Õ¥¥” À√◊Õ‡®“–‡≈◊Õ¥ΩÕ¬‰¡à∂Ÿ°«‘∏’

6. °√–∫Õ°©’¥¬“æ≈“ µ‘° ∂â“∑‘Èß‰«âπ“π°àÕππ”

‰ªµ√«®«‘‡§√“–Àå®–¡’º≈µàÕ PaO2 ¡“°°«à“°√–∫Õ°©’¥

¬“·°â« ‡π◊ËÕß®“°°√–∫Õ°©’¥¬“æ≈“ µ‘°¡’°“√´÷¡ºà“π

¢ÕßÕÕ° ‘́‡®π√–À«à“ß°√–∫Õ°©’¥¬“°—∫∫√√¬“°“»¡“°

°«à“16,27,28 ·µà‡π◊ËÕß®“°°√–∫Õ°©’¥¬“·°â«¡’√“§“·æß°«à“

¬ÿàß¬“°·≈–‡ ’¬§à“„™â®à“¬„π°“√∑”§«“¡ –Õ“¥‡æ◊ËÕπ”

°≈—∫¡“„™âÕ’°„π∑“ßªØ‘∫—µ‘®÷ß„™â°√–∫Õ°©’¥¬“æ≈“ µ‘°

·µà‰¡à§«√„™â‡«≈“π“π„π°“√ àßµ√«®‡≈◊Õ¥‡æ◊ËÕªÑÕß°—π

°“√‡ª≈’Ë¬π·ª≈ß¢Õß§à“ PaO2

7. °√≥’∑’Ë¥Ÿ¥‡≈◊Õ¥®“° arterial line À√◊Õ cath-

eter µâÕß√–«—ß¡‘„Àâ¡’ heparin À√◊Õ  “√πÈ”Õ◊Ëπ„π “¬πÈ”

‡°≈◊Õ‡¢â“¡“ªπ

¢âÕ·π–π”: °àÕπ®–‰¥â‡≈◊Õ¥®√‘ß¢ÕßºŸâªÉ«¬§«√

¥Ÿ¥ “√πÈ”·≈–‡≈◊Õ¥ÕÕ°‰ª°àÕπª√–¡“≥ 5 ∂÷ß 6 ‡∑à“

¢Õßª√‘¡“µ√„π “¬ (tubing system) µ—Èß·µà catheter

∂÷ß T-way16,26

À≈—°°“√«‘‡§√“–Àåº≈°ä“´„π‡≈◊Õ¥
1. æ‘®“√≥“ oxygenation ®“° PaO2

- ¡’ hypoxemia  À√◊Õ‰¡à

   - §«“¡√ÿπ·√ß¢Õß hypoxemia «à“‡ªìπ mild,

moderate À√◊Õ severe

2. æ‘®“√≥“ ventilation ®“° PaCO2

- normal, hypoventilation À√◊Õ hyperven-

tilation

3. æ‘®“√≥“ gas exchange ®“° oxygen indi-

ces ‡™àπ P(A-a) O2, PaO2 / PAO2, PaO2 / FiO2 À√◊Õ

P(A-a)O2/PaO2 ‡æ◊ËÕ™à«¬·¬° “‡Àµÿ¢Õß¿“«– hypoxe-

mia ·≈–∫Õ°§«“¡√ÿπ·√ß¢Õß gas exchange

4. æ‘®“√≥“ acid-base status  ‚¥¬æ‘®“√≥“

4 ¢—ÈπµÕπ§◊Õ

4.1 pH ∫Õ°¿“«–°√¥-¥à“ß

4.2 PaCO2 ∫Õ°  respiratory  status

4.3 HCO-
3 À√◊Õ BE (base excess) ∫Õ°

metabolic status

4.4 compensation

4.5 analysis
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‡°≥±å°“√æ‘®“√≥“§à“µà“ßÊ „π arterial blood gases10

pH 7.35-7.45 normal

¡“°°«à“ 7.45 alkalosis
πâÕ¬°«à“ 7.35 acidosis

PaCO2 35-45 mm Hg normal

¡“°°«à“ 45 mmHg respiratory  acidosis
πâÕ¬°«à“ 35 mmHg respiratory  alkalosis

HCO-
3 22-26 mEq/L normal

¡“°°«à“ 26 mEq/L metabolic  alkalosis
πâÕ¬°«à“ 22 mEq/L metabolic  acidosis

Base excess + 2 mEq/L normal

¡“°°«à“ 2 mEq/L metabolic  alkalosis
πâÕ¬°«à“ 2 mEq/L metabolic  acidosis

µ—«Õ¬à“ß∑’Ë 1 ºŸâªÉ«¬‡¥Á°™“¬Õ“¬ÿ 7 ªï ‰¢â´÷¡≈ß 2 «—π «‘π‘®©—¬‡ªìπ‰¢â ¡ÕßÕ—°‡ ∫  ¢≥–πÕπ„π‚√ßæ¬“∫“≈ºŸâªÉ«¬

´÷¡¡“°¢÷Èπ‡®“– arterial blood gases ‰¥âº≈¥—ßπ’È
pH 7.20,      PaCO2=71 mmHg,      PaO2 50 mmHg,        HCO-

3    = 24.0 mEq/L

 √ÿªº≈°“√«‘‡§√“–Àå°ä“´„π‡≈◊Õ¥·¥ß

1. ºŸâªÉ«¬¡’¿“«– moderate hypoxemia ·≈– hypoventilation

 “‡Àµÿ¢Õß hypoxemia §◊Õ hypoventilation  ‡π◊ËÕß®“° P(A-a) O2 ª°µ‘

2. ºŸâªÉ«¬¡’ acute respiratory acidosis

ºŸâªÉ«¬‰¢â ¡ÕßÕ—°‡ ∫√“¬π’È °“√¥”‡π‘π‚√§‡≈«≈ß ́ ÷¡¡“°¢÷Èπ À“¬„®™â“≈ß ∑”„Àâ‡°‘¥¿“«– hypoventilation

¡’ hypoxemia ·≈– acute respiratory  acidosis µ“¡¡“ ºŸâªÉ«¬√“¬π’È§«√„ à∑àÕ™à«¬À“¬„®·≈–„™â‡§√◊ËÕßÀ“¬„®‡æ◊ËÕ

·°â‰¢¿“«– hypoventilation

1. oxygenation PaO2 = 50 mmHg...................... moderate hypoxemia
2. ventilation PaCO2 = 71 mmHg ..................... hypoventilation
3. gas exchange P(A-a) O2 = PAO2 - PaO2

= [(Patm- PH2O) FiO2- PaCO2/R ] - PaO2

= [(760-47) x  0.21-  71/0.8 ] - 50 mmHg
= 11 mm Hg

      gas exchange..........................................normal
4. acid - base status

pH = 7.20....................................... acidosis

PaCO2 = 71 mmHg......................... respiratory  acidosis
HCO-

3 = 24.0 mEq/L.......................... normal
compensation..............................................uncompensation

analysis.......................................................acute respiratory acidosis

°“√«‘‡§√“–Àåº≈
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°“√«‘‡§√“–Àåº≈

1. oxygenation PaO2 75 mmHg................................... mild hypoxemia

2. ventilation PaCO2 34 mmHg................................... hyperventilation

3. gas exchange P(A-a) O2 =  PA O2 - PaO2

= [(Patm- PH2O) FiO2- PaCO2/R ] - PaO2

= [(760-47) 0.21- 34/0.8] - 75 mmHg

= 33  mmHg

  gas exchange......................................abnormal

4. acid-base status

pH 7.47.......................................... alkalosis

PaCO2 34 mmHg........................... respiratory alkalosis

HCO-
3 24.5 mEq /L............................ normal

compensation......................................... uncompensation

analysis.................................................. acute respiratory alkalosis

µ—«Õ¬à“ß∑’Ë 2 ‡¥Á°À≠‘ßÕ“¬ÿ 12 ªï underlying asthma ¡“‚√ßæ¬“∫“≈¥â«¬Õ“°“√À“¬„®ÀÕ∫‡Àπ◊ËÕ¬¡“ 2 ™—Ë«‚¡ß

arterial blood gases ‰¥âº≈¥—ßπ’È pH 7.47, PaCO2 34 mmHg, PaO2 75 mmHg, HCO-
3 24.5 mEq/L

BE + 2.0 mEq /L, SaO2 95%

 √ÿªº≈°“√«‘‡§√“–Àå°ä“´„π‡≈◊Õ¥·¥ß

1. ºŸâªÉ«¬¡’ mild hypoxemia, hyperventilation ·≈– gas exchange º‘¥ª°µ‘:  “‡Àµÿ¢Õßhypoxemia ·≈–

gas exchange º‘¥ª°µ‘πà“®–¡“®“° V/Q mismatch ¡“°∑’Ë ÿ¥‡π◊ËÕß®“°ª√–«—µ‘ºŸâªÉ«¬‡ªìπ asthma ¡’mild hypoxe-

mia ·≈– gas exchange º‘¥ª°µ‘‰¡à¡“° °“√„ÀâÕÕ°´‘‡®π„πºŸâªÉ«¬∑’Ë¡’ hypoxemia ®“° V/Q mismatch ®–∑”„Àâ¿“«–

hypoxemia ¥’¢÷Èπ´÷Ëß·µ°µà“ß®“° shunt ∑’Ë‰¡àµÕ∫ πÕßµàÕ°“√„ÀâÕÕ°´‘‡®π

2. ºŸâªÉ«¬¡’ acute respiratory alkalosis ®“° hyperventilation
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µ—«Õ¬à“ß∑’Ë 3 ‡¥Á°Õ“¬ÿ 2 ªï ‰¢â ‰Õ ÀÕ∫¡“ 5 «—π ¡“∂÷ß‚√ßæ¬“∫“≈æ∫‡¥Á°ÀÕ∫¡“° ‡¢’¬« ‰¥â„ à∑àÕ™à«¬À“¬„®·≈–∫’∫

ambu bag ¥â«¬ÕÕ°´‘‡®π 100%  flow rate 15 l/min À≈—ß®“°π—Èπª√–¡“≥ 15 π“∑’‰¥â‡®“– arterial

blood gases ‰¥âº≈¥—ßπ’È

pH 7.32, PaO2 70 mmHg, PaCO2 48 mmHg, HCO-
3 18.4 mEq/L

‡Àµÿº≈ ®“° pH ∑’Ë‡ªìπ°√¥ (µË”°«à“ 7.35) ∂â“¡’§«“¡º‘¥ª°µ‘‡∫◊ÈÕßµâπ (primary  disorder) ‡ªìπ respiratory
acidosis À√◊Õ metabolic acidosis Õ¬à“ß‡¥’¬« √à“ß°“¬®–¡’°“√ª√—∫¥ÿ≈°√¥-¥à“ß‚¥¬‡°‘¥ metabolic alkalosis À√◊Õ
respiratory alkalosis µ“¡≈Ì“¥—∫ ·µà®“°º≈ arterial blood gas ¡’∑—Èß respiratory ·≈– metabolic acidosis ´÷Ëß
‡¢â“‰¥â√—∫ mixed respiratory  and metabolic disorders

 √ÿªº≈°“√«‘‡§√“–Àå°ä“´„π‡≈◊Õ¥·¥ß
1. ºŸâªÉ«¬¡’ mild  hypoxemia ·≈– abnormal  gas exchange

hypoxemia „πºŸâªÉ«¬√“¬π’Èπà“®–¡’ “‡Àµÿ®“° shunt ‡π◊ËÕß®“°¡’¿“«– hypoxemia √à«¡°—∫§«“¡º‘¥ª°µ‘
¢Õß gas exchange Õ¬à“ß√ÿπ·√ß‚¥¬æ‘®“√≥“®“° P(A-a)O2 À√◊Õ°“√§”π«≥ gas exchange‚¥¬«‘∏’Õ◊Ëπ (¥Ÿ√“¬
≈–‡Õ’¬¥„π‡√◊ËÕß oxygen indices) ‡™àπ PaO2 / FiO2= 70/1 = 70 À√◊Õ PaO2/ PAO2 = 70/713 =  0.1 ºŸâªÉ«¬¡’§«“¡
¥—π°ä“´ÕÕ°´‘‡®π„π‡≈◊Õ¥ (PaO2) 70 mmHg „π¢≥–∑’Ë‰¥â√—∫°ä“´ÕÕ°´‘‡®π 100% „π¿“«–∑’ËªÕ¥¡’ gas exchange
ª°µ‘°“√‰¥â√—∫°ä“´ÕÕ°´‘‡®π 100% §«√®–¡’ PaO2 ª√–¡“≥ 500 mmHg ®–‡ÀÁπ«à“∂â“æ‘®“√≥“·µà§à“ PaO2 Õ¬à“ß
‡¥’¬«®–æ∫§«“¡º‘¥ª°µ‘‡ªìπ‡æ’¬ß mild hypoxemia ¥—ßπ—Èπ„π°“√«‘‡§√“–Àå°ä“´„π‡≈◊Õ¥§«√æ‘®“√≥“§«“¡‡¢â¡¢âπ°ä“´
ÕÕ°´‘‡®π∑’Ë‰¥â√—∫·≈– gas exchangeª√–°Õ∫‡æ◊ËÕª√–‡¡‘πª√– ‘∑∏‘¿“æ„π°“√·≈°‡ª≈’Ë¬π°ä“´

°“√·°â‰¢¿“«– hypoxemia ∑’Ë¡’ “‡Àµÿ®“° shunt µâÕß„™â PEEP (positive end expiratory pressure)
°“√„ÀâÕÕ°´‘‡®πÕ¬à“ß‡¥’¬«‰¡à “¡“√∂·°â‰¢‰¥â

2. ºŸâªÉ«¬¡’ mixed respiratory  and metabolic acidosis
ºŸâªÉ«¬√“¬π’È«‘π‘®©—¬‡ªìπ pneumonia ·≈– ARDS „Àâ°“√√—°…“‚¥¬„™â‡§√◊ËÕß™à«¬À“¬„®√à«¡°—∫°“√ „™â PEEP

 à«π “‡Àµÿ¢Õß metabolic acidosis ¡“®“°¿“«– hypoxemia À√◊ÕºŸâªÉ«¬¡’ sepsis ∑”„Àâ‡°‘¥ tissue  hypoxia ·≈–
anaerobic metabolism µ“¡¡“

°“√«‘‡§√“–Àåº≈

1. oxygenation PaO2 70 mmHg...................................... mild hypoxemia
2. ventilation PaCO2 48 mmHg....................................... hypoventilation
3. gas exchange P(A-a) O2 = PAO2 - Pa O2

= [(Patm-PH2O) FiO2 - PaCO2/R ] - PaO2

= [(760-47) x 1 - 48/0.8 ] - 70 mmHg
= 583  mmHg

gas  exchange........................................abnormal
4. acid-base  status

pH 7.32..............................................acidosis

PaCO2 48    mmHg................................respiratory  acidosis
HCO-

3 18.4  mEq /L...............................metabolic acidosis
analysis.......................................................mixed respiratory  and metabolic disorders
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