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Hemodynamic monitoring
°“√‡ΩÑ“√–«—ß hemodynamic parameter µà“ßÊ ‡ªìπ à«πª√–°Õ∫∑’Ë ”§—≠ à«πÀπ÷Ëß„π°“√¥Ÿ·≈ºŸâªÉ«¬Àπ—°

∑—Èß„π·ßà°“√«‘π‘®©—¬¿“«–º‘¥ª°µ‘µà“ßÊ ·≈–°“√µ‘¥µ“¡º≈°“√√—°…“1 „πÕ¥’µ¡’·π«‚πâ¡∑’Ë®–„™â invasive moni-
toring ‡™àπ °“√„ à “¬ «πÀ—«„® pulmonary artery (PA) catheter „πºŸâªÉ«¬Àπ—°¡“°2 ·µà°“√»÷°…“µàÕ¡“æ∫
«à“º≈¢â“ß‡§’¬ß®“°°“√„™â invasive monitoring π’ÈÕ“®∑”„ÀâºŸâªÉ«¬‡°‘¥Õ—πµ√“¬¡“°°«à“µ—«‚√§‡Õß ‡™àπ °“√‡°‘¥ 
pulmonary artery rupture ®“°°“√À“§à“ pulmonary capillary wedge pressure (PCWP) °“√»÷°…“™π‘¥ 

ËÕ‡∑’¬∫ ◊Ë¡Õ—µ√“µ“¬∂÷ß 39% ‡¡‘¬âÕπÀ≈—ß (retrospective study) æ∫«à“°“√„™â PA catheter ¡’§«“¡ —¡æ—π∏å°—∫°“√‡æ
°—∫ºŸâªÉ«¬∑’Ë‰¡‰¥â√—∫°“√„ à PA catheter ‚¥¬¡’ severity score ‡∑à“Ê °—π3 „πªí®®ÿ∫—π∂÷ß·¡â«à“®–¡’§«“¡æ¬“¬“¡ à
„™â artificial neural network §◊Õ°“√„™â computer ‡æ◊ËÕ«‘‡§√“–Àå√Ÿª·∫∫ waveform ¢Õß PA pressure trac-
ing ‡æ◊ËÕ§“¥‡¥“§à“ PCWP ‚¥¬‰¡àµâÕß„ àÕ“°“»‡¢â“‰ª„π balloon ∑’Ëª≈“¬ PA catheter ·≈–æ∫«à“§à“∑’Ë artifi-
cial neural network ª√–‡¡‘π®–¡’§à“„°≈â‡§’¬ß°—∫§à“ PCWP ∑’Ë«—¥‰¥â®√‘ß4 ·µà°“√»÷°…“·∫∫ randomized, con-
trolled trial ‡°’Ë¬«°—∫°“√„™â PA catheter „πºŸâªÉ«¬ ŸßÕ“¬ÿ∑’Ë‡¢â“√—∫°“√ºà“µ—¥∑’Ë¡’§«“¡‡ ’Ë¬ß Ÿß æ∫«à“°“√„™â PA 
catheter ‰¡à‰¥â∑”„Àâ‡°‘¥ª√–‚¬™πåµàÕºŸâªÉ«¬¡“°°«à“°“√¥Ÿ·≈µ“¡¡“µ√∞“π‚¥¬„™â°“√«—¥§à“ CVP5 ®÷ß‡ªìπ∑’Ë¡“¢Õß
§«“¡æ¬“¬“¡„π°“√æ—≤π“§‘¥§âπ‡§√◊ËÕß¡◊Õ∑’Ë non-invasive À√◊Õ invasive πâÕ¬∑’Ë ÿ¥ „π°“√À“§à“ cardiac out-
put ‚¥¬Õ“»—¬À≈—°°“√µà“ßÊ ‡™àπ 

1. ‡§√◊ËÕß¡◊Õ∑’Ë„™âÀ≈—°°“√ Indirect Fick Method ‚¥¬„™â partial rebreathing technique ‰¥â·°à ‡§√◊ËÕß 
Ë¬π’¡’°“√·≈°‡ª≈’ËªÉ«¬∑ËÕ“°“√‰¡’ªÉ«¬∑

°ä“´∑’Ë∂ÿß≈¡ª°µ‘ ‚¥¬Õ“®„™âµ‘¥µ“¡·π«‚πâ¡¢Õß cardiac output ¢ÕßºŸâªÉ«¬∑’Ë¡’°“√∑”ß“π¢ÕßªÕ¥ª°µ‘
NICO æ∫«à“ “¡“√∂ª√–‡¡‘π cardiac output „πºŸâ à√ÿπ·√ß¡“° ‚¥¬‡©æ“–ºŸâ

2. ‡§√◊ËÕß esophageal Doppler ‚¥¬ª√–‡¡‘π cardiac output ®“°°“√«—¥ descending aortic blood 
flow ¡’°“√»÷°…“æ∫«à“°“√„™â esophageal Doppler monitoring ‡æ◊ËÕª√–‡¡‘π cardiac output ·≈– pre-load
¢ÕßºŸâªÉ«¬∑’Ë‡¢â“√—∫°“√ºà“µ—¥°√–¥Ÿ°¢“ à«π∫πÀ—° ®–™à«¬≈¥ morbidity ‰¥â ·≈–¡’√“¬ß“πª√–‚¬™πå¢Õß‡§√◊ËÕß¡◊Õπ’È
„π°“√¥Ÿ·≈ºŸâªÉ«¬ sepsis Õ¬à“ß‰√°Á¥’°“√„™â esophageal Doppler ¡’¢âÕ∫àßÀâ“¡„πºŸâªÉ«¬∑’Ë¡’ esophageal ma-
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lignancy/perforation, severe agitation, severe coagulopathy À√◊Õ¡’ aortic dissection πÕ°®“°π’È§à“ 
cardiac output ∑’Ë‰¥â®“°«‘∏’°“√π’ÈÕ“®¢÷ÈπÕ¬Ÿà°—∫µ”·Àπàß¢Õß probe ·≈–§«“¡™”π“≠¢ÕßºŸâ„™â 

3. ‡§√◊ËÕß¡◊Õ∑’Ë„™âÀ≈—°°“√ thoracic electrical bioimpedance ´÷Ëß∂◊Õ«à“‡ªìπ‡§√◊ËÕß¡◊Õ∑’Ë non-invasive 
∑’Ë ÿ¥ ‡π◊ËÕß®“°Õ“»—¬ —≠≠“≥®“°°“√µ‘¥ probe ‡æ’¬ß 6 Õ—π∑’Ë∫√‘‡«≥≈”§Õ, upper thorax ·≈– lower thorax 
§à“ cardiac output ∑’Ë‰¥â®“°«‘∏’π’ÈÕ“®§≈“¥‡§≈◊ËÕπ‰¥â Ÿß„πºŸâªÉ«¬∑’Ë¡’ª√‘¡“≥ “√πÈ”„π™àÕßÕ°‡°‘π ‡™àπ ¿“«– 
pulmonary edema, pleural effusion À√◊Õ·¡â·µà¿“«– massive peripheral edema 

4. ‡§√◊ËÕß¡◊Õ∑’Ë„™âÀ≈—°°“√ transpulmonary cardiac output ‚¥¬„™â transpulmonary thermodilu-
tion technique ¡’¢âÕ¥’§◊Õ ‰¡àµâÕß„ à PA catheter ·≈–‡ªìπ°“√«—¥ cardiac output ¢ÕßÀ—«„®¥â“π´â“¬ „π¢≥–∑’Ë 
°“√„™â PA thermodilution technique ®–‡ªìπ°“√«—¥ cardiac output ¢ÕßÀ—«„®¥â“π¢«“ ·≈–°“√‡ª≈’Ë¬π·ª≈ß
§«“¡¥—π„π™àÕßÕ° ®–¡’º≈µàÕ°“√«—¥ cardiac output ¡“° ‚¥¬∑—Ë«‰ª cardiac output ∑’Ë‰¥â®“°«‘∏’π’È®–¡’§à“ Ÿß 
°«à“ cardiac output ∑’Ë‰¥â®“° PA thermodilution technique 

5. ‡§√◊ËÕß¡◊Õ∑’Ë„™âÀ≈—°°“√ pulse contour analysis ‚¥¬°“√«‘‡§√“–Àå≈—°…≥–¢Õß arterial wave-form 
æ∫«à“§à“ cardiac output ∑’Ë‰¥â„°≈â‡§’¬ß°—∫§à“ cardiac output ®“° PA thermodilution technique √«¡∑—Èß„π
ºŸâªÉ«¬∑’Ë‡ªìπ ARDS Õ¬à“ß‰√°Á¥’ºŸâªÉ«¬∑’Ë¡’ hemodynamic instability ¡“°Õ“®µâÕß°“√°“√ calibrate ∫àÕ¬°«à“

È “¡“√∂ª√–‡¡‘π§à“ ’È‡∑§π‘§π’§◊Õ arterial line πÕ°®“°π¬—ßµâÕß°“√ invasive monitor Õ¬’È®–‡ÀÁπ‰¥â«à“‡∑§π‘§π
intrathoracic blood volume (ITBV) ·≈–§à“ extravascular lung water (EVLW) ´÷Ëß„™â‡ªìπ·π«∑“ß„π°“√ 

º’ËËÕß™à«¬À“¬„®·≈–√–¬–‡«≈“∑◊º’Ë

ª°µ‘ Ÿà

„Àâ “√πÈ”„πºŸâªÉ«¬Àπ—°‰¥â¥’Õ“®∑”„Àâ√–¬–‡«≈“∑ ŸâªÉ«¬„™â‡§√ ŸâªÉ«¬Õ¬Ÿà„π ICU ≈¥≈ß 
‰¥â ∫“ß°“√»÷°…“æ∫«à“ “¡“√∂„™â ITBV ‡ªìπµ—«ª√–‡¡‘π cardiac preload ‰¥â¥’°«à“°“√„™â§à“ PCWP Õ¬à“ß‰√
°Á¥’§à“ volume µà“ßÊ ∑’Ë‰¥âÕ“®§≈“¥‡§≈◊ËÕπ‰¥â Ÿß„πºŸâªÉ«¬∑’Ë¡’ aortic aneurysm ¢π“¥„À≠à, ¡’ intra-cardiac
shunt, pulmonary embolism, ºŸâªÉ«¬∑’Ë‡æ‘Ëß‰¥â√—∫°“√ºà“µ—¥ pulmonary lobectomy À√◊Õ pneumonectomy
‡§√◊ËÕß¡◊Õπ’È∑’Ë„™â„π∑“ß§≈‘π‘° §◊Õ ‡§√◊ËÕß PICCO 

6. ‡§√◊ËÕß¡◊Õ∑’Ë„™âÀ≈—°°“√ lithium dilution technique ‚¥¬©’¥ lithium chloride ∑“ßÀ≈Õ¥‡≈◊Õ¥¥” 
’Ë¬π·ª≈ß¢Õß√–¥—∫ lithium „πÀ≈Õ¥‡≈◊Õ¥·¥ß §à“ cardiac output ∑’ Ë·≈–µ√«®®—∫ª√‘¡“≥°“√‡ª≈ ‰¥â¡’§à“„°≈â‡§’¬ß 

°—∫ PA thermodilution ·≈– transpulmonary thermodilution technique Õ¬à“ß‰√°Á¥’°“√«—¥ cardiac output 
«‘∏’π’È ‰¡à “¡“√∂∫Õ°§à“§«“¡¥—π„π™àÕßÀ—«„®µà“ßÊ ‰¥â ¥—ßπ—ÈπÕ“®¡’∑’Ë„™â„πºŸâªÉ«¬∑’Ë¡’§«“¡¥—πµË”∑’ËµâÕß°“√·¬°«à“¡’ 
cardiac output  ŸßÀ√◊ÕµË”‡∑à“π—Èπ ®–‡ÀÁπ‰¥â«à“ non-invasive À√◊Õ minimally invasive cardiac output moni-
toring ¡’¢âÕ¥’·≈–¢âÕ®”°—¥·µ°µà“ß°—π‰ª intensivists §ßµâÕßæ‘®“√≥“‡≈◊Õ°„™â„Àâ‡À¡“– ¡°—∫ºŸâªÉ«¬‡ªìπ√“¬Ê ‰ª 

°“√„ à “¬ «πÀ≈Õ¥‡≈◊Õ¥¥” à«π°≈“ß (Central Venous Catheterization) 
Õ◊ËªÉ«¬Àπ—° ®“°°“√√«∫√«¡À≈—°∞“π∑“ß°“√·æ∑¬å¡’º∑”∫àÕ¬„πº’ËËß∑÷‡ªìπÀ—µ∂°“√™π‘¥Àπ Ÿâ Ÿâ‡ πÕ·π«∑“ß‡æ

≈¥‚Õ°“ °“√‡°‘¥º≈¢â“ß‡§’¬ß®“°°“√„ à “¬ «πÀ≈Õ¥‡≈◊Õ¥¥” à«π°≈“ß ¥—ßπ’È6 

1. §«√„™â CVP catheter ∑’Ë¡’¬“ªØ‘™’«π–Õ¬Ÿà∫πæ◊Èπº‘«¢Õß “¬ «π ‡π◊ËÕß®“° “¡“√∂≈¥‚Õ°“ ‡ ’Ë¬ßµàÕ
°“√µ‘¥‡™◊ÈÕ„π°√–· ‡≈◊Õ¥∑’Ë‡°’Ë¬«¢âÕß°—∫°“√„ à “¬ «πÀ≈Õ¥‡≈◊Õ¥ (catheter-related bloodstream infection)

ÈÕ∑’ Ë¬«¢âÕß°—∫°“√„ à “¬ «π ·≈– “¡“√∂≈¥§à“„™â®à“¬„π°“√√—°…“ºŸâªÉ«¬„π‚√ßæ¬“∫“≈∑’Ë¡’Õ—µ√“°“√µ‘¥‡™◊ Ë‡°’
À≈Õ¥‡≈◊Õ¥ Ÿß°«à“ 2% 
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2. §«√„ à “¬ «π∑“ßÀ≈Õ¥‡≈◊Õ¥¥” subclavian ‡æ◊ËÕ≈¥‚Õ°“ ‡ ’Ë¬ßµàÕ°“√‡°‘¥ thrombosis ·≈–Õ—µ√“
°“√µ‘¥‡™◊ÈÕ∑’Ë‡°’Ë¬«¢âÕß°—∫°“√„ à “¬ «πÀ≈Õ¥‡≈◊Õ¥ 

3. ¢≥–„ à “¬ «πµâÕßªØ‘∫—µ‘µ“¡ sterile technique Õ¬à“ß‡§√àß§√—¥ √«¡∑—Èß°“√„ à™ÿ¥ª≈Õ¥‡™◊ÈÕ 

4. §«√À≈’°‡≈’Ë¬ß°“√∑“ antibiotic ointment ∑’Ë∫√‘‡«≥ “¬ «π∑–≈ÿº‘«Àπ—ß ‡π◊ËÕß®“°°“√„™â antibiotic
ointment ®–‡æ‘Ë¡Õ—µ√“°“√µ‘¥‡™◊ÈÕ√“·≈–∑”„Àâ‡™◊ÈÕ·∫§∑’‡√’¬¥◊ÈÕ¬“ªØ‘™’«π–‡√Á«¢÷Èπ ∑’Ë ”§—≠°“√„™â antibiotic oint-
ment ‰¡à™à«¬≈¥Õ—µ√“°“√µ‘¥‡™◊ÈÕ∑’Ë‡°’Ë¬«¢âÕß°—∫°“√„ à “¬ «πÀ≈Õ¥‡≈◊Õ¥ 

5. √—°…“„Àâ catheter hub  –Õ“¥∑’Ë ÿ¥ ‡π◊ËÕß®“°‡ªìπµ”·Àπàß∑’Ë¡’‚Õ°“ ‡°‘¥ contamination  Ÿß ÿ¥ 

6. ‰¡à§«√°”Àπ¥«—π∑’Ë®–‡ª≈’Ë¬π “¬ «π‡ªìπ®”π«π«—πµ“¬µ—«‡ªìπ°‘®«—µ√ „Àâæ‘®“√≥“ºŸâªÉ«¬‡ªìπ√“¬Ê ‰ª 

7. √’∫‡Õ“ “¬ «πÕÕ°„Àâ‡√Á«∑’Ë ÿ¥∑—π∑’∑º’Ë ŸâªÉ«¬‰¡à¡’§«“¡®”‡ªìπ®–µâÕß„™â “¬ «π ‡π◊ËÕß®“°Õ—µ√“°“√ 
µ‘¥‡™◊ÈÕ∑’Ë‡°’Ë¬«¢âÕß°—∫°“√„ à “¬ «πÀ≈Õ¥‡≈◊Õ¥®–‡æ‘Ë¡¢÷ÈπÕ¬à“ß™—¥‡®π À≈—ß«—π∑’Ë 5-7 

8. ∂â“‡ªìπ‰ª‰¥â§«√„™â ultrasound ™à«¬∑ÿ°§√—Èß‡¡◊ËÕ„ à “¬ «π∑“ßÀ≈Õ¥‡≈◊Õ¥¥” internal jugular 

Hemodynamic management strategies7 

1. °“√„Àâ “√πÈ” (fluid therapy) 

‡ªìπ∑’Ë¬Õ¡√—∫°—π∑—Ë«‰ª«à“°“√„Àâ “√πÈ”‡ªìπ°“√√—°…“·√°∑’ËºŸâªÉ«¬ ÷́Ëß¡’¿“«– low perfusion §«√‰¥â√—∫8 

µ√“∫‡∑à“∑’Ë¡’À≈—°∞“π∑“ß°“√·æ∑¬å „πªí®®ÿ∫—π¬—ß‰¡àÕ“® √ÿª‰¥â«à“°“√„Àâ “√πÈ”ºŸâªÉ«¬¥â«¬ crystalloid À√◊Õ 
colloid ®–∑”„Àâ‡°‘¥ª√–‚¬™πå°—∫ºŸâªÉ«¬¡“°°«à“°—π ¥—ßπ—Èπ°“√„Àâ “√πÈ”„πºŸâªÉ«¬∑’Ë¡’¿“«– low perfusion ®“° 
‚√§µà“ßÊ §ßµâÕßæ‘®“√≥“ºŸâªÉ«¬‡ªìπ√“¬Ê ‰ª ‚¥¬∑—Ë«‰ª‡ªÑ“À¡“¬¢Õß°“√„Àâ “√πÈ”π—Èπ§◊Õ µâÕß°“√„Àâ¡’ cardiac
filling pressure ∑—Èß 2 ¢â“ß¢ÕßÀ—«„®„ÀâæÕ‡À¡“– §◊Õ¡’§à“ CVP ª√–¡“≥ 8-14 mmHg, À√◊Õ¡’§à“ PCWP
ª√–¡“≥ 14-18 mmHg ∑—Èßπ’ÈµâÕß§”π÷ß∂÷ßªí®®—¬µà“ßÊ ∑’Ë¡’º≈µàÕ°“√Õà“π§à“ CVP À√◊Õ PCWP π—ÈπÊ ¥â«¬ ‡™àπ
ventricular wall compliance, intrathoracic pressure, pulmonary vascular resistance ‡ªìπµâπ ‚¥¬‡ΩÑ“
√–«—ß°“√‡°‘¥ pulmonary congestion/edema ¥â«¬°“√øíß breath sound À√◊Õ —ß‡°µ§à“ partial pressure 
¢Õß alveolar-arterial O2 tension gradient æ∫«à“°“√„Àâ “√πÈ”‚¥¬„™â colloid-base ®–„™âª√‘¡“≥ “√πÈ”πâÕ¬
°«à“·≈–„™â‡«≈“πâÕ¬°«à“∑’Ë®–∑”„Àâ∂÷ß resuscitation target ∑”„ÀâºŸâªÉ«¬¡’ interstitial edema πâÕ¬°«à“°“√„Àâ
 “√πÈ”‚¥¬„™â crystalloid ‡æ’¬ßÕ¬à“ß‡¥’¬« 

„πªí®®ÿ∫—π¡’·π«‚πâ¡∑’Ë®–„™â long-term albumin infusion „πºŸâªÉ«¬Àπ—°„π ICU ≈¥≈ß ‡π◊ËÕß®“°
æ∫«à“¡’§«“¡ —¡æ—π∏å°—∫Õ—µ√“µ“¬∑’Ë Ÿß¢÷Èπ9 ®÷ß¡’·π«‚πâ¡∑’Ë®–„™â artificial colloid ¡“°¢÷Èπ ∑”„ÀâµâÕßæ‘®“√≥“ 
§ÿ≥ ¡∫—µ‘µà“ßÊ √«¡∑—Èßº≈¢â“ß‡§’¬ß∑’ËÕ“®‡°‘¥¢÷Èπ®“°°“√„™â artificial colloid ™π‘¥µà“ßÊ ‡¥‘¡ colloid „π°≈ÿà¡
hydroxyethyl starch (HES) ∑’Ë¡’¢π“¥‚¡‡≈°ÿ≈„À≠à (πÈ”Àπ—°‚¡‡≈°ÿ≈‡©≈’Ë¬ 200 kDa) Õ“®∑”„Àâ°“√∑”ß“π¢Õß
‰µ≈¥≈ß ‡π◊ËÕß®“°¡’§«“¡ —¡æ—π∏å°—∫ osmotic nephrosis ·≈– cellular dehydration ∂â“„Àâ free water ‰¡à 
‡æ’¬ßæÕ ·≈–√∫°«π°“√∑”ß“π¢Õß coagulation factor VIII ∑”„Àâ‡°‘¥ coagulopathy ‰¥â∂â“„Àâ„πª√‘¡“≥¡“° 
„πªí®®ÿ∫—π “¡“√∂º≈‘µ HES ∑’Ë¡’‚¡‡≈°ÿ≈¢π“¥°≈“ß (πÈ”Àπ—°‚¡‡≈°ÿ≈‡©≈’Ë¬ = 130 kDa) æ∫«à“·∑∫®–‰¡à¡’º≈µàÕ 

Ï≈¥°“√Õ—°‡ ∫„π√–¥—∫ microvascular °“√∑”ß“π¢Õß‰µÀ√◊Õ√∫°«π°“√·¢Áßµ—«¢Õß‡≈◊Õ¥ ·≈–¡’·π«‚πâ¡∑
¢≥–∑’Ë¡’ acute inflammatory process ‡™àπ ∑’Ëæ∫„πºŸâªÉ«¬ trauma À√◊Õ sepsis 

‘Ë®–¡’ƒ∑∏’
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„πºŸâªÉ«¬ trauma10 ‡¡◊ËÕæ‘®“√≥“®“° pathophysiology ·≈â«¡’ºŸâ·π–π”„Àâ®”°—¥ “√πÈ”∑’Ë¡’ sodium
·≈– chloride  Ÿß ‡π◊ËÕß®“°°“√„Àâ “√πÈ”∑’Ë¡’ sodium ·≈– chloride  Ÿß æ∫«à“¡’§«“¡ —¡æ—π∏å°—∫°“√‡°‘¥ inter-
stitial edema ·≈–°“√‡ ’¬‡≈◊Õ¥¡“°¢÷Èπ ‚¥¬‡©æ“–‡¡◊ËÕ¡’¿“«– hyperchloremic metabolic acidosis √à«¡¥â«¬
·π–π”„Àâ “√πÈ”ª√–¡“≥ 2 ≈‘µ√·√°‡ªìπ “√πÈ” isotonic crystalloid ∑’ËÕÿàπ „π°√≥’∑’Ë¡’·π«‚πâ¡µâÕß„Àâ “√πÈ”
ª√‘¡“≥¡“° æ‘®“√≥“„Àâ “√πÈ” HES ‚¡‡≈°ÿ≈¢π“¥°≈“ßª√–¡“≥ 1 „π 3 ¢Õßª√‘¡“≥ “√πÈ”∑—ÈßÀ¡¥ (‰¡à√«¡ 
‡≈◊Õ¥)

°“√„Àâ hypertonic solution „πºŸâªÉ«¬∑’Ë‰¥â√—∫Õÿ∫—µ‘‡Àµÿ∑’Ë»’√…–‡©æ“–„π√–¬–·√°„πª√‘¡“≥®”°—¥ Õ“® 
™à«¬≈¥§«“¡¥—π„π™àÕß°–‚À≈°»’√…– ‡æ‘Ë¡ cerebral perfusion pressure ‡¡◊ËÕ‡∑’¬∫°—∫°“√„Àâ “√πÈ” isotonic 
crystalloid Õ¬à“ß‡¥’¬« 

Õ¬à“ß‰√°Áµ“¡°“√„Àâ hypertonic solution ‡æ◊ËÕ√—°…“ hypovolemic shock æ∫«à“‰¡à‰¥â™à«¬≈¥Õ—µ√“ 
°“√‡°‘¥ morbidity ·≈– mortality ·µàÕ¬à“ß„¥ 

2. Vasopressors ·≈– Inotropic Therapy 

°“√„™â dopamine ·≈– epinephrine ¡’·π«‚πâ¡∑’Ë®–‡°‘¥ tachycardia, arrhythmia ‰¥â¡“°°«à“°“√
„™â norepinephrohe ·≈– phenylephrine „πªí®®ÿ∫—π¡’·π«‚πâ¡∑’Ë®–„™â norepinephrine „π°“√√—°…“¿“«–
vasodilatory shock (distributive shock) ‡™àπ ∑’Ëæ∫„πºŸâªÉ«¬ sepsis À√◊Õ ºŸâªÉ«¬∑’Ë‰¥â√—∫ cardiopulmonary
bypass ‡ªìπ‡«≈“π“π„π°“√ºà“µ—¥À—«„® ‡π◊ËÕß®“°¡’¢âÕ¥’ §◊Õ ºŸâªÉ«¬‡À≈à“π’È¡—°®–¡’ tachycardia Õ¬Ÿà·≈â« °“√„Àâ
norepinephrine ¡—°®–‰¡à∑”„ÀâÀ—«„®‡µâπ‡√Á«¡“°¢÷Èπ‰ªÕ’° ·≈–¡’‚Õ°“ ‡°‘¥ dysrhythmia πâÕ¬°«à“ ·≈–‰¡à¡’º≈
µàÕ hypothalamic pituitary axis πÕ°®“°π’È°“√„™â norepinephrine „π sepsis shock Õ“®™à«¬‡æ‘Ë¡ cardiac 
output, renal blood flow ·≈– urine output °“√»÷°…“·∫∫ —ß‡°µ°“√≥å (observational study) æ∫«à“°“√„™â
norepinephrine „πºŸâªÉ«¬ septic shock ™à«¬„Àâ¡’Õ—µ√“°“√√Õ¥™’«‘µ Ÿß¢÷Èπ‡¡◊ËÕ‡∑’¬∫°—∫°“√„™â dopamine ·≈–
epinephrine ¢π“¥¢Õß norepinephrine ∑’Ë„™â„π∑“ß§≈‘π‘° §◊Õ 0.2-1.3 µg/kg/min ‚¥¬¡’¢π“¥ Ÿß ÿ¥§◊Õ 
3.3 µg/kg/min ·≈–¢≥–„Àâ norepinephrine µâÕß‡ΩÑ“√–«—ßº≈¢â“ß‡§’¬ß∑’Ë ”§—≠¢Õß°“√‡°‘¥ peripheral 
ischemia 

Vasopressin ‡ªìπ endogenous hormone ´÷Ëß√à“ß°“¬ª≈àÕ¬‡¢â“ Ÿà°√–· ‡≈◊Õ¥ ‡¡◊ËÕ¡’ plasma os-
¡’§«“¡¥—πª°µ’ËªÉ«¬∑ÈπÀ√◊Õ¡’ baroreflex response ®“°§«“¡¥—π≈¥≈ßÀ√◊Õª√‘¡“≥‡≈◊Õ¥≈¥≈ß „πº÷Ë¡¢‘molality ‡æ Ÿâ ‘

°“√„Àâ vasopressin ®–‰¡à∑”„ÀâºŸâªÉ«¬¡’§«“¡¥—π Ÿß ·µà„π¿“«– shock °“√„Àâ vasopressin ¢π“¥µË”®–°√–µÿâπ 
vascular V1 receptor ∑”„Àâ‡°‘¥ vasoconstriction ∑’Ë‡ âπ‡≈◊Õ¥‡≈Á°Ê ∫√‘‡«≥º‘«Àπ—ß °≈â“¡‡π◊ÈÕ≈“¬ ‚¥¬ “¡“√∂ 
√—°…“ª√‘¡“≥‡≈◊Õ¥∑’Ë‰ª‡≈’È¬ßÀ—«„®  ¡Õß ·≈–‰µ‰¥â vasopressin ¬—ß¡’ƒ∑∏‘Ï°√–µÿâπ adrenergic receptor ∑’Ë 

âπ‚¥¬ catecholamine „π¢≥–∑’À≈Õ¥‡≈◊Õ¥„Àâ ‰«µàÕ°“√∂Ÿ°°√–µÿ Ëƒ∑∏‘Ï antidiuretic ¢Õß vasopressin ®– 
ÕÕ°ƒ∑∏‘Ïºà“π∑“ß V2 receptor11 

°“√»÷°…“„π√–¬–À≈—ßæ∫«à“ vasopressin ™à«¬‡æ‘Ë¡§«“¡¥—π„πºŸâªÉ«¬∑’Ë¡’ vasodilatory shock ‡™àπ 
ºŸâªÉ«¬ septic shock Õ¬à“ß‰√°Á¥’°“√„Àâ vasopressin „πºŸâªÉ«¬∑’Ë¬—ß‰¡à‰¥â√—∫ “√πÈ”„Àâ‡æ’¬ßæÕ Õ“®∑”„ÀâÕ«—¬«– 
¢“¥‡≈◊Õ¥ ∑’Ë ”§—≠§◊Õ ‡≈◊Õ¥‰ª‡≈’È¬ß≈”‰ â·≈–‰µ≈¥≈ß ∂â“ vasopressin √—Ë«ÕÕ°πÕ°‡ âπ‡≈◊Õ¥¢≥–∫√‘À“√¬“ 
Õ“®∑”„Àâ‡°‘¥ local severe vasoconstriction, tissue necrosis ·≈– gangrene ‰¥â  ¥—ßπ—Èπ·π–π”„Àâæ‘®“√≥“„™â 
vasopressin „πºŸâªÉ«¬ septic shock ́ ÷Ëß‰¥â√—∫ vasopressor Õ◊ËπÊ ¢π“¥ ŸßÕ¬Ÿà·≈â« ‚¥¬„Àâ vasopressin ¢π“¥µË” 
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§◊Õ 0.01-0.04 unit/π“∑’ ‡π◊ËÕß®“°¢π“¥∑’Ë Ÿß°«à“π’ÈÕ“®∑”„Àâ‡°‘¥ splanchnic ·≈– myocardial ischemia ´÷Ëß
‡ªìπº≈„Àâ cardiac output ≈¥≈ß‰¥â 

¡’°“√»÷°…“„Àâ terlipressin12 ´÷ËßÕÕ°ƒ∑∏‘Ï‡©æ“–°—∫ vascular V1 receptor ¡“°°«à“ vasopressin 
(V1a/V2 receptor ratio ‡∑’¬∫°—∫ vasopressin = 2.2 : 1) „π septic animal model æ∫«à“™à«¬„Àâ hemody-
namic, splanchnic ·≈– microcirculation „π≈”‰ â¥’¢÷Èπ Õ¬à“ß‰√°Á¥’µ√“∫®πªí®®ÿ∫—π¬—ß‰¡à¡’ randomized pro-
spective controlled clinical trial ∑’Ë»÷°…“§«“¡ —¡æ—π∏å¢Õß°“√„™â vasopressin °—∫Õ—µ√“°“√≈¥ morbidity, 
mortality „π¡πÿ…¬å 

3. Steroid in Septic Shock 

ºŸâªÉ«¬ septic shock °≈ÿà¡Àπ÷Ëß®–¡’¿“«– relative adrenal insufficiency ´÷Ëßª√–‡¡‘π‰¥â®“°°“√∑’ËºŸâ 
ªÉ«¬‰¡à “¡“√∂‡æ‘Ë¡√–¥—∫ cortisol À≈—ß®“°‰¥â√—∫°“√°√–µÿâπ¥â«¬ ACTH ‡√’¬°ºŸâªÉ«¬°≈ÿà¡π’È«à“ çnon-responderé
°“√»÷°…“æ∫«à“°“√„Àâ steroid ¢π“¥µË”„π°≈ÿà¡ non-responder π’È™à«¬≈¥ª√‘¡“≥¢Õß vasopressor ∑’Ë„™â 
√«¡∑—Èß≈¥Õ—µ√“°“√µ“¬ „π¢≥–∑’ËºŸâªÉ«¬ septic shock „π°≈ÿà¡ çresponderé ®–‰¡à‰¥âª√–‚¬™πå®“°°“√‰¥â√—∫ 
steroid 

¡’ºŸâ·π–π”„Àâ hydrocortisone ·≈– fludrocortisone „πºŸâªÉ«¬∑’Ë‡°‘¥¿“«– septic shock ¿“¬„π 8 
™—Ë«‚¡ß·√° ·≈–‰¥â√—∫ vasopressor ¢π“¥ Ÿß Õ¬à“ß‰√°Á¥’‰¡à¡’À≈—°∞“π∑“ß°“√·æ∑¬å∑’Ëæ∫«à“°“√„Àâ steroid „π 
ºŸâªÉ«¬ septic shock ®–≈¥Õ—µ√“µ“¬∑’Ë 28 «—π 

4. Early Goal-Directed Therapy 

°“√¥Ÿ·≈ºŸâªÉ«¬Àπ—°∑ Èß·µà√–¬–·√°·≈–¡’‡ªÑ“À¡“¬¢Õß—Ë¡√—°…“µ‘ªí≠À“∑“ß hemodynamic §«√√’∫‡√’¡’Ë
hemodynamic parameter µà“ßÊ ∑’Ë™—¥‡®π °“√»÷°…“‡°’Ë¬«°—∫°“√¥Ÿ·≈√—°…“ºŸâªÉ«¬ septic shock µ—Èß·µà„π 
ÀâÕß©ÿ°‡©‘π¿“¬„π 6 ™—Ë«‚¡ß·√° ‚¥¬¡’‡ªÑ“À¡“¬„Àâ ‰¥â√—∫ “√πÈ”„Àâ‡æ’¬ßæÕ (√—°…“√–¥—∫ CVP ª√–¡“≥ 8-12 
mmHg) ‡æ◊ËÕ„Àâ¡’ mean arterial pressure ‰¡àµË”°«à“ 65 mmHg ·≈–¡’ mixed central venous O2 satura-
tion (SvO2) ‰¡àµË”°«à“ 70% (early goal-directed therapy group) æ∫«à“°≈ÿà¡∑’Ë‰¥â√—∫ early goal-directed 
therapy ®–¡’Õ—µ√“°“√µ“¬≈¥≈ß∂÷ß 16%13  °“√√—°…“·∫∫ goal-directed therapy π’È‡æ◊ËÕµâÕß°“√„ÀâºŸâªÉ«¬ 
septic shock ¡’ O2 delivery ∑’Ë‡æ’¬ßæÕ‚¥¬æ‘®“√≥“®“°§«“¡ —¡æ—π∏å¢Õß O2 supply ·≈– O2 demand ‚¥¬ 
¥Ÿ®“° SvO2 ‡ªìπÀ≈—° ´÷Ëß·µ°µà“ß®“°§«“¡æ¬“¬“¡„ÀâºŸâªÉ«¬¡’ supra-normal O2 delivery  °“√»÷°…“·∫∫ 
meta-analysis · ¥ß„Àâ‡ÀÁπ«à“§«“¡æ¬“¬“¡„ÀâºŸâªÉ«¬¡’ supra-normal O2 delivery ‰¡à‰¥â∑”„Àâ‡°‘¥ª√–‚¬™πå 
„πºŸâªÉ«¬∑’Ë‡√‘Ë¡¡’ organ failure ·≈â«14 °“√„Àâ hemodynamic optimization ®÷ßµâÕß√’∫∑”µ—Èß·µà√–¬–·√°°àÕπ∑’Ë
®–¡’ definite organ failure ®÷ß®–™à«¬≈¥Õ—µ√“µ“¬„πºŸâªÉ«¬Àπ—°‰¥â 

5. Activated Protein C 

Drotrecogin alfa (recombinant activated protein C) ‡ªìπ¬“™π‘¥·√°∑’Ë¡’À≈—°∞“π∑“ß°“√·æ∑¬å 
 π—∫ πÿπ«à“‰¥âª√–‚¬™πå„πºŸâªÉ«¬ septic shock ‡π◊ËÕß®“° Drotecogin alfa ¡’ƒ∑∏‘Ï∑—Èß anticoagulation & 
profibrinolytic effect ´÷Ëß®–∑”„Àâ consumptive coagulopathy „πºŸâªÉ«¬ septic shock ¥’¢÷Èπ ·µàÕ“®∑”„Àâ
ºŸâªÉ«¬‡ ’Ë¬ßµàÕ°“√‡°‘¥ abnormal bleeding ¥â«¬‡™àπ°—π ·≈–¬—ß¡’ anti-inflammatory effect ´÷Ëß®–≈¥°“√ 
‡ª≈’Ë¬·ª≈ß∑’Ë endothelium ∑”„Àâ¡’ inflammatory response ≈¥≈ß



6 Practical Points in Critical Care

°“√»÷°…“·∫∫ randomized, double-blinded, placebo-controlled, international, multi-center 
trial (PROWESS : Protein C Worldwide Evaluation in Severe Sepsis)15 æ∫«à“°≈ÿà¡∑’Ë‰¥â√—∫ Drotecrogin 

 “¡“√∂> 25)¡’Õ“°“√√ÿπ·√ß¡“° (APACHE II score ’ËÕ—µ√“µ“¬‚¥¬√«¡≈¥≈ß∂÷ß 6.3% ‚¥¬‡©æ“–„π°≈’alfa ¡ ÿà¡∑
≈¥Õ—µ√“µ“¬≈ß‰¥â∂÷ß 13%15 Õ¬à“ß‰√°Á¥’°“√»÷°…“‡°’Ë¬«°—∫°“√«‘‡§√“–Àå cost-benefit16,17 æ∫«à“°“√√—°…“ septic
shock ¥â«¬ Drotrecrogin alfa ®–¡’ cost-benefit ∑’Ë¥’„π°≈ÿà¡∑’Ë¡’ APACHE II Score > 25 ‡∑à“π—Èπ ªí®®ÿ∫—π
°”≈—ß¡’°“√»÷°…“°“√„™â Drotecrogin alfa „πºŸâªÉ«¬√–¬–·√°¢Õß severe sepsis ∑—Èß„π·ßà¢Õßª√– ‘∑∏‘º≈
¢Õß¬“·≈– cost-benefit (ADDRESS : ADministration of DRotecrogin alfa (activated) in Early stage 
Severe Sepsis) 
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