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Septic Shock Implication of Physiopathology:
A New Model for The Novel Therapy
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Louise Pasteur ‡ªìπ∫ÿ§§≈·√°∑’Ë§âπæ∫ ‘Ëß¡’™’«‘µ

∑’Ë‡√’¬°«à“ Bacteria (1879) µàÕ¡“‡¡◊ËÕ°«à“ 40 ªï∑’Ë‡‡≈â«

‡√‘Ë¡¡’√“¬ß“π§√—Èß‡‡√°‡°’Ë¬«°—∫Õ—µ√“µ“¬„π‡¥Á°∑’Ë¡’ Gram

negative sepsis «à“ Ÿß∂÷ß√âÕ¬≈– 97 ´÷ËßµàÕ¡“√“¬ß“π

°“√«‘®—¬¢ÕßÕ—µ√“µ“¬„πºŸâªÉ«¬ sepsis æ∫«à“≈¥≈ß¡“

‚¥¬µ≈Õ¥ ‚¥¬‡¡◊ËÕªï æ.». 2541 √“¬ß“πÕ—µ√“µ“¬¢Õß

sepsis-induced organ failure Õ¬Ÿà∑’Ë√âÕ¬≈– 15-501,2

Õ¬à“ß‰√°Áµ“¡‡‡¡â«à“º≈≈—æ∏å°“√√—°…“®–¥’¢÷Èπ‡‡µà¿“«–

sepsis/ septic shock ¬—ß§ß‡ªìπªí≠À“ ”§—≠∑’Ëæ∫„π

‰Õ´’¬Ÿ∑—Ë«‚≈°‡‡≈–Õ—µ√“°“√‡°‘¥¢Õß sepsis/ septic shock

¬—ß‡æ‘Ë¡ Ÿß¢÷Èπ‡√◊ËÕ¬Ê  à«πÀπ÷Ëß‡π◊ËÕß®“°¡’°“√æ—≤π“

‡§√◊ËÕß¡◊Õ/ Õÿª°√≥å∑“ß°“√·æ∑¬å·≈–§«“¡æ¬“¬“¡„π

°“√¥Ÿ·≈√—°…“‡æ◊ËÕ™à«¬‡À≈◊Õ„ÀâºŸâªÉ«¬√Õ¥™’«‘µ¡“°¢÷Èπ ®÷ß

®”‡ªìπµâÕß„™âÕÿª°√≥å™à«¬™’«‘µ¡“°¢÷Èπ‡√◊ËÕ¬Ê  ‘Ëßµà“ßÊ

‡À≈à“π’È∑”„Àâ‡√“æ∫ªí≠À“ Sepsis ‡æ‘Ë¡¢÷Èπ „πª√–‡∑»

 À√—∞Õ‡¡√‘°“æ∫«à“¡’Õÿ∫—µ‘°“√≥å¢Õß sepsis ª√–¡“≥

50-95 µàÕª√–™“°√ 100,000 §π ·≈–¡’·π«‚πâ¡‡æ‘Ë¡

¢÷Èπª√–¡“≥√âÕ¬≈– 9 „π·µà≈–ªï3 „πª√–‡∑»‰∑¬ºŸâ‡¢’¬π

‡§¬∑”°“√‡°Á∫√«¡√«¡¢âÕ¡Ÿ≈ª√–¡“≥ªï æ.». 2545-47

æ∫Õÿ∫—µ‘°“√≥å¢Õß Sepsis ·≈– septic shock ª√–¡“≥

√âÕ¬≈– 20 ·≈– 5 µ“¡≈”¥—∫‚¥¬§‘¥®“°ºŸâªÉ«¬∑’Ë‡¢â“

√—°…“„πÀÕºŸâªÉ«¬‡¥Á°«‘°ƒµ∑—ÈßÀ¡¥„π™à«ß‡«≈“¥—ß°≈à“«4

°“√„Àâπ‘¬“¡¢Õß¿“«– sepsis, severe sepsis

·≈– septic shock „π‡¥Á°„πÕ¥’µ„™âÕâ“ßÕ‘ß®“°π‘¬“¡¢Õß

ºŸâ„À≠à µàÕ¡“®÷ß¡’°“√ª√—∫„™â„πºŸâªÉ«¬‡¥Á°‡¡◊ËÕªï æ.».

2545 ·≈–≈à“ ÿ¥‡¡◊ËÕµâπªï æ.». 2548 §≥–°√√¡°“√

·æ∑¬åºŸâ‡™’Ë¬«™“≠¥â“π‡«™∫”∫—¥«‘°ƒµ∑—Èß‡¥Á°·≈–ºŸâ„À≠à

®“°À≈“¬ª√–‡∑» (International experts) ‰¥âæ‘®“√≥“

®π‰¥â¢âÕµ°≈ß„π‡√◊ËÕß§”®”°—¥§«“¡π’È„πºŸâªÉ«¬‡¥Á° ‚¥¬

¡’®ÿ¥¡ÿàßÀ¡“¬ §◊Õ µâÕß°“√æ—≤π“‚§√ß√à“ß·≈–·π«∑“ß

„π°“√√—°…“ºŸâªÉ«¬°≈ÿà¡π’È ´÷Ëß„π∑’Ë ÿ¥¡’‡ªÑ“À¡“¬∑’Ë®–∑”

„ÀâÕ—µ√“µ“¬≈¥≈ß ´÷ËßæÕ®– √ÿª‰¥â¥—ßπ’È §◊Õ

SIRS
SIRS À¡“¬∂÷ß °“√µ√«®æ∫«à“¡’ ‘Ëßµ√«®æ∫

µ—Èß·µà 2 „π 4 ¢âÕµ“¡‡°≥±å«‘π‘®©—¬‚√§∑’Ë°”Àπ¥ ·≈–

µ“√“ß∑’Ë 1  · ¥ß°“√·∫àß°≈ÿà¡Õ“¬ÿ„πºŸâªÉ«¬‡¥Á°

π‘¬“¡
Newborn

Neonate

Infant

Toddler and preschool

School age child

Adolescent and young adult

™à«ßÕ“¬ÿ
0 days to 1 week

1 week to 1 month

1 month to 1 year

2-5 years

6-12 years

13 to < 18 years
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1 ¢âÕ„ππ—ÈπµâÕßæ∫«à“¡’ Abnormal temperature À√◊Õ

leukocyte count ‡°≥±å«‘π‘®©—¬∑—Èß 4 ¢âÕ¥—ß°≈à“« ‰¥â·°à

ë Core temperature ¡’§à“ > 38.5oC À√◊Õ

< 36oC

ë Tachycardia ‚¥¬°”Àπ¥®“° §à“ Mean

heart rate > 2 SD ¢Õß§à“ª°µ‘ ”À√—∫Õ“¬ÿπ—Èπ ‚¥¬∑’Ë

‰¡à¡’º≈¡“®“° external stimuli, chronic drugs À√◊Õ

°“√°√–µÿâπ®“°§«“¡‡®Á∫ª«¥ À√◊Õ Ÿß‡°‘πª°µ‘∑’Ë„™â‡«≈“

π“π°«à“ 1/2 ∂÷ß 4 ™—Ë«‚¡ß À√◊Õ∂â“æ∫ bradycardia

(< 10th percentile of age) „π‡¥Á°Õ“¬ÿπâÕ¬°«à“ 1 ªï

‚¥¬∑’Ë‰¡à¡’º≈¡“®“° vagal stimuli, Beta-blocker À√◊Õ

congenital heart disease À√◊Õ°“√∑’ËÀ—«„®‡µâπ™â“°«à“

ª°µ‘π“π°«à“ 1/2 ™—Ë«‚¡ß

ë §à“ mean RR > 2 SD  ”À√—∫Õ“¬ÿ À√◊Õ

‡§√◊ËÕß™à«¬À“¬„® ‚¥¬∑’Ë‰¡à¡’§«“¡ —¡æ—π∏å°—∫‚√§ neu-

romuscular disease À√◊Õ‰¥â√—∫¬“ sedation/ neuro-

muscular blocking agents

ë Leukocyte count ¡’§à“¡“°°«à“À√◊ÕπâÕ¬°«à“

ª°µ‘ (‰¡à —¡æ—π∏å°—∫ chemotherapy) À√◊Õ¡’§à“ imma-

ture neutrophil ¡“°°«à“ 10%

°“√µ‘¥‡™◊ÈÕ (Infection)
°“√ ß —¬°“√µ‘¥‡™◊ÈÕÀ√◊Õæ‘ Ÿ®πå«à“µ‘¥‡™◊ÈÕ®√‘ß (‚¥¬

positive culture, tissue stain, À√◊Õ PCR test) À√◊Õ

Õ“°“√∑“ß§≈‘π‘°∫àß™’È«à“πà“®–µ‘¥‡™◊ÈÕ À≈—°∞“πµà“ßÊ √«¡

∂÷ß°“√µ√«®√à“ß°“¬æ∫§«“¡º‘¥ª°µ‘ √Ÿª∂à“¬√—ß ’ À√◊Õ

°“√µ√«®æ∫∑“ßÀâÕßªØ‘∫—µ‘°“√ ‡™àπ °“√µ√«®æ∫

WBC „π ‘Ëß§—¥À≈—Ëß®“°Õ«—¬«–∫“ß·Ààß∑’Ë‰¡à§«√æ∫ À√◊Õ

°“√µ√«®∑“ß√—ß ’«‘∑¬“∑√«ßÕ°‡¢â“‰¥â°—∫ pneumonia

À√◊Õ°“√µ√«®æ∫ petechial À√◊Õ purpuric rash À√◊Õ

purpura fulminans

‡√“ “¡“√∂„Àâ§”π‘¬“¡¢Õß¿“«– Sepsis ·≈–

septic syndrome µ“¡ New International pediatric

sepsis consensus conference ¥—ßπ’È

Sepsis
‡ªìπ°≈ÿà¡Õ“°“√∑’Ë‡°‘¥¢÷Èπ¡“®“°°“√µ‘¥‡™◊ÈÕ¡’º≈

¡“®“°°“√∑’Ë√–∫∫¿Ÿ¡‘§ÿâ¡°—π¢Õß√à“ß°“¬‰¡à “¡“√∂µàÕ

µâ“π‡™◊ÈÕ‚√§‰¥â ‚¥¬¡’Õ“°“√µ—Èß·µà 2 ¢âÕ¢÷Èπ‰ª¥—ßµàÕ‰ª

π’È §◊Õ ¡’≈—°…≥–¢Õß systemic inflammatory response

‡™àπ ‰¢â, hypothermia, ‡¡Á¥‡≈◊Õ¥¢“« Ÿß (leukocyto-

sis) À√◊ÕµË” (leukopenia) °«à“ª°µ‘, À—«„®‡µâπ‡√Á«  (ta-

chycardia) ‡¡◊ËÕÕ«—¬«–µà“ßÊ ‡√‘Ë¡∑”ß“π‰¡à‡æ’¬ßæÕ ‡√“

®–‡√’¬°¿“«–π—Èπ«à“ severe sepsis5 „π°≈ÿà¡π’Èæ∫«à“°“√

µ‘¥‡™◊ÈÕ¢Õß√–∫∫∑“ß‡¥‘πÀ“¬„® ∑“ß‡¥‘πªí  “«– ·≈–

°“√µ‘¥‡™◊ÈÕ„π°√–· ‡≈◊Õ¥ æ∫‡ªìπÕ—µ√“ à«π Ÿß∑’Ë ÿ¥ ‚¥¬

§‘¥‡ªìπ√âÕ¬≈– 80 ¢ÕßºŸâªÉ«¬ sepsis3

µ“√“ß∑’Ë 2  · ¥ß vital signs, laboratory variables (HR, leukocyte count, systolic blood pressure)

Bradycardia

<100

<100

<90

NA

NA

NA

Tachycardia

>180

>180

>180

>140

>130

>110

Age Group

0 days to 1 wk

1 wk to 1 mo

1 mo to 1 yr

2-5 yrs

6-12 yrs

13 to <18 yrs

Respiratory Rate,

Breaths/Min

>50

>40

>34

>22

>18

>14

Leukocyte Count,

Leukocytes x 103/mm

>34

>19.5 or <5

>17.5 or <5

>15.5 or <6

>13.5 or <4.5

>11 or <4.5

 Heart Rate, Beats/Min
Systolic Blood

Pressure, mmHg

<65

<75

<100

<94

<105

<117

NA, not applicable.
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Interaction between coagulation system and inflammation�

 Site �
of �

Infection

Pro-inflammatory cytokines

Plasminogen, PAI-1

Inhibition ¢Õß fibrinolysis� TAFI activated + Decrease in Anti-Thrombin III &

CRP Neutrophils

Elastase�
Tissue factor

Inhibition ¢Õß Thrombomodulin




C1-inhibitor

Protein C�


Result in DIC


Antithrombin III


Fibrinolysis

PAI-1; Plasminogen activator inhibitor-1

CRP; C-reactive protein; +TAFI; Thrombin activatable fibrinolysis inhibitor�

Activated protein C; a major inhibitor of PAI-1�




·ºπ¿Ÿ¡‘∑’Ë 1  · ¥ß Novel Pathophysiology ¢Õß°“√‡°‘¥¿“«– Septic shock6,7

Severe sepsis

À¡“¬∂÷ß ¿“«– Sepsis ∑’Ëæ∫√à«¡°—∫À≈—°∞“π¢âÕ

„¥¢âÕÀπ÷Ëß ‰¥â·°à cardiovascular dysfunction À√◊Õ

ARDS À√◊Õæ∫°“√∑”ß“π¢ÕßÕ«—¬«–µà“ßÊ µ—Èß·µà 2

Õ«—¬«–¢÷Èπ‰ª∑”ß“πº‘¥ª°µ‘‰ª

Septic shock
À¡“¬∂÷ß ¿“«– sepsis ∑’Ëæ∫√à«¡°—∫¿“«– hypo-

tension „π¢≥–∑’Ë‰¥â√—∫ fluid resuscitation ∑’Ë‡æ’¬ß

æÕ ·≈–µ√«®æ∫¿“«– hypoperfusion √à«¡¥â«¬

°≈‰°°“√‡°‘¥‚√§·≈–·π«∑“ß°“√√—°…“ºŸâªÉ«¬ Sep-
tic shock

¿“«– Septic shock ¡’º≈¡“®“°°“√¢“¥ intra-

vascular volume √à«¡°—∫°“√‡ª≈’Ë¬π·ª≈ß¢Õß√–∫∫

°“√‰À≈‡«’¬π¢Õß‡≈◊Õ¥·≈–°≈â“¡‡π◊ÈÕÀ—«„®∑’Ë∑”ß“πº‘¥

ª°µ‘ ́ ÷Ëß°“√‡°‘¥°“√‡ª≈’Ë¬π·ª≈ßµà“ßÊ ‡°‘¥∑’Ë√–¬–‡«≈“

µà“ß°—πÕÕ°‰ª ®“°¢âÕ¡Ÿ≈„πªí®®ÿ∫—π‡‡ ¥ß„Àâ‡ÀÁπ∂÷ß°≈‰°

°“√‡°‘¥‚√§¢Õß¿“«– Sepsis/ septic shock ¢÷Èπ°—∫µ—«

°√–µÿâπ∑’Ë ”§—≠¢Õß systemic inflammation ‰¥â·°à

1. Endotoxin À√◊Õ lipopolysaccharide (LPS)

´÷Ëß‡ªìπ à«πª√–°Õ∫∑’Ë ”§—≠¢Õß cell wall ¢Õß Gram

negative bacteria

2. Super antigens À√◊Õ “√æ‘…®“°‡™◊ÈÕ Gram

positive bacteria, mycobacteria ‡‡≈– virus

3. §«“¡º‘¥ª°µ‘‡‡≈–°“√∑”≈“¬¢Õß√–∫∫°“√

·¢Áßµ—«¢Õß‡≈◊Õ¥

‚¥¬°≈‰°‡√‘Ë¡®“° circulating LPS ‡¢â“®—∫°—∫

CD14 receptor ∫πº‘«¢Õß macrophage ¡’º≈∑”„Àâ
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‡°‘¥°“√°√–µÿâπ‡‡≈–¡’°“√‡‡ ¥ßÕÕ°¢Õß inflammatory

genes µà“ßÊ ‚¥¬ª°µ‘√à“ß°“¬®–¡’°≈‰°∑’Ë́ —∫´âÕπ„π°“√

ªÑÕß°—π°“√µ‘¥‡™◊ÈÕ ·µà‡¡◊ËÕ„¥°Áµ“¡∑’Ë√à“ß°“¬‡√“¡’¿“«–

¿Ÿ¡‘§ÿâ¡°—π∑’Ë≈¥≈ßÀ√◊Õ∫°æ√àÕß®–∑”„Àâ‡°‘¥°“√µ‘¥‡™◊ÈÕ

¢÷Èπ‰¥â ‡π◊ËÕß®“°§«“¡´—∫´âÕπ¢Õß¿Ÿ¡‘§ÿâ¡°—ππ’È‡Õß∑”„Àâ

°“√§‘¥À“«‘∏’„À¡à„π°“√√—°…“¿“«– sepsis À√◊Õ shock

‡ªìπ‰ª‰¥â¬“° ‚¥¬∑ƒ…Æ’·≈â«°“√ªÑÕß°—π‰¡à„Àâ‡°‘¥°“√µ‘¥

‡™◊ÈÕ·≈–°“√„™â«‘∏’°“√°√–µÿâπ¿Ÿ¡‘§ÿâ¡°—π´÷Ëß‡ªìπ·π«∑“ß

Àπ÷Ëß„π°“√√—°…“‡‡≈–ªÑÕß°—π¿“«– sepsis „πªí®®ÿ∫—π

∫∑∫“∑ Patterns ¢Õß°“√µÕ∫ πÕßµàÕ°“√µ‘¥
‡™◊ÈÕ·≈–§«“¡ ”§—≠¢Õß Toll Like Receptors (TLR)

°≈‰°°“√µÕ∫ πÕß¢Õß√–∫∫ immune system

„π√à“ß°“¬‡°‘¥¢÷Èπ®“°°“√®¥®” ·≈–°“√µÕ∫ πÕß∑’Ë‡ªìπ

√–∫∫¢Õß√à“ß°“¬µàÕ ‘Ëß·ª≈°ª≈Õ¡∑’Ë‡√’¬°«à“ Pattern

of recognition ·≈–µ—«√—∫°“√°√–µÿâπ (receptors) ∑’Ë¡’

º≈π—Èπ‡√’¬°«à“ Toll like receptors (TLR) ‡™àπ Toll

interlekin-1 receptor (TIR) domain ™÷Ëßπ—∫∂÷ß„πªí®®ÿ∫—π

‡√“æ∫ TLR „π§π∑—ÈßÀ¡¥ 10 ·∫∫ ·≈–¬—ß§ßæ∫®”π«π

‡æ‘Ë¡¢÷Èπ‡√◊ËÕ¬Ê °“√µÕ∫ πÕß√–À«à“ß microbial-asso-

ciated molecular patterns ·≈– receptors π’È‡Õß®–¡’

º≈°—∫°“√°√–µÿâπµàÕ adaptors µ—«Õ◊ËπÊ µàÕ‰ª ‡™àπ

Myeloid differentiation protein 88(MyD), protein

inducing interferon beta (TRIF) ́ ÷Ëß®–¡’º≈µàÕ°“√ √â“ß

nuclear factor-kB, Interferon beta ‚¥¬∑’Ë TLR ∑”

Àπâ“∑’Ë‡ªìπµ—«°√–µÿâπ∑’Ë ”§—≠¢Õß innate immunity

¿“æ∑’Ë 1 · ¥ß°≈‰°°“√‡°‘¥‚√§‚¥¬ ‡√‘Ë¡µâπ®“°°“√µ‘¥‡™◊ÈÕ Bacteria8 ¡’º≈°√–µÿâπºà“π‰ªµ“¡Õ«—¬«–µà“ßÊ, inflammatory cells,

receptors, endothelial cells ‡°‘¥°“√µÕ∫ πÕßµàÕ°“√µ‘¥‡™◊ÈÕ∑’Ë·µ°µà“ß°—π
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∑”„Àâ√à“ß°“¬ “¡“√∂µÕ∫ πÕßµàÕ°“√µ‘¥‡™◊ÈÕ‰¥âÕ¬à“ß

√«¥‡√Á« Nod1 ·≈– Nod 2 protein ‡ªìπ intracellular

pattern recognition receptors, Nod1ûs ligand ‡ªìπ

peptidoglycan fragment ∑’Ë‡ªìπ à«π ”§—≠°—∫‡™◊ÈÕ Gram

negative  à«π Nod2  ®–µÕ∫ πÕß°—∫ muramyl dipep-

tide ́ ÷Ëß‡ªìπ à«πª√–°Õ∫∑’Ë‡≈Á°∑’Ë ÿ¥¢Õß bioactive frag-

ment ¢≥–∑’Ë Peptidoglycan recognition proteins

(PGRPs) ∑”Àπâ“∑’Ë‡ªìπµ—«√—∫°“√°√–µÿâπÕ’°∑“ßÀπ÷Ëß9-11

°≈‰°°“√°√–µÿâπ¢Õß‡™◊ÈÕ·∫§∑’‡√’¬ºà“πµ—«√—∫ ‘Ëß

°√–µÿâπ∑’ËΩíßµ—«Õ¬Ÿà∫π cell membrane ¢Õß macroph-

age/ monocyte, neutrophils ‡™àπ ºà“π CD14 À√◊Õ

MD2/TLR4 ´÷Ëß„π∑’Ë ÿ¥∑”„Àâ¡’°“√À≈—Ëß “√∑’Ë‡√’¬°«à“

cytokine ÕÕ°¡“

°“√√—°…“„πÕπ“§µ‚¥¬°“√„™â12-15

1. TLR blocking agent

°“√§âπÀ“æ—≤π“ antagonist µàÕ TLR pro-

tein Õ“®®–¡’ª√–‚¬™πåµàÕ°“√√—°…“ systemic micro-

bacterial  infections ́ ÷Ëß°“√ block TLR ®–¡’º≈∑”„Àâ

biological consequence ≈¥≈ß µ—«Õ¬à“ß ‡™àπ °“√„™â

blocking agent µàÕ soluble TLR4 „π Gram nega-

tive bacteria À√◊Õ soluble TLR2 ∑’Ë¡’º≈µàÕ°“√µ‘¥

‡™◊ÈÕ staphylococcus

°“√§âπÀ“ “√∑’Ë¡’Àπâ“∑’Ë√∫°«π°“√∑”ß“π

¢Õß extracellular domains ¢Õß TLR µ—«Õ¬à“ß ‡™àπ

LPS antagonist ∑’Ë√«¡µ—«°—∫ TLR4/LPS Õ“®∑”„Àâ

≈¥°“√°√–µÿâπ¢Õß intracellar signals ≈ß‰¥â

°“√§âπÀ“ small molecule ∑’Ë√∫°«π°“√

∑”ß“π¢Õß intracellular domains ¢Õß TLRs ‡™àπ

°“√ªÑÕß°—π°“√∑”ß“π¢Õß MyD88 ‚¥¬®– “¡“√∂¬—∫¬—Èß

°“√°√–µÿâπ¢Õß TLR family/IL-1R

¿“æ∑’Ë 2 · ¥ß Lipopolysaccharide-induced intracellular signalling cascade

MD2 (myeloid differentiation), CRE = cyclic AMP-responsive element, CREB = CRE binding protein




