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∫∑π”

™ÁÕ°‡ªìπ¿“«–©ÿ°‡©‘π∑’Ëæ∫‰¥â∫àÕ¬ ·æ∑¬å®÷ß§«√¡’§«“¡√Ÿâ¢—Èπæ◊Èπ∞“π·≈–‡¢â“„®„π

æ¬“∏‘ √’√«‘∑¬“¢Õß¿“«–π’È

μ≈Õ¥»μ«√√…∑’Ëºà“π¡“¡’°“√»÷°…“∑”§«“¡‡¢â“„®‡√◊ËÕß™ÁÕ°π’È¡“‚¥¬μ≈Õ¥

∑”„Àâ‡√“‡¢â“„®°√–∫«π°“√ ·≈–æ¬“∏‘ √’√«‘∑¬“¢Õß™ÁÕ°¡“°¢÷Èπ ‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß °“√

μÕ∫ πÕß¢Õß√–∫∫ sympathetic ·≈– neuroendrocrine μàÕ√–∫∫‰À≈‡«’¬π‚≈À‘μ

≈—°…≥–Õ“°“√∑“ß§≈‘π‘°∑’Ë‡°‘¥®“°°“√μÕ∫ πÕß¢Õß°“√‡ª≈’Ë¬π·ª≈ß¢Õß

√–∫∫μà“ßÊ ‡À≈à“π’È ‡™àπ §«“¡¥—π‚≈À‘μ ·≈–Õ—μ√“™’æ®√ ∑”„Àâ·æ∑¬å “¡“√∂«‘π‘®©—¬

√«¡‰ª∂÷ß„™â‡ªìπ·π«∑“ß„π°“√¥Ÿ·≈√—°…“ºŸâªÉ«¬∑’Ë¡’¿“«–™ÁÕ°‰¥â ·μà°Á‰¡àÕ“®„™â°“√

‡ª≈’Ë¬π·ª≈ß¢Õßμ—«·ª√‡À≈à“π’È‡æ’¬ßÕ¬à“ß‡¥’¬«„π°“√«‘π‘®©—¬¿“«–™ÁÕ° Õ“®μâÕß„™âμ—«

·ª√Õ◊ËπÊ πÕ°‡Àπ◊Õ®“°π’È¥â«¬ πÕ°®“°π’È„π°“√¥Ÿ·≈ºŸâªÉ«¬™ÁÕ°‚¥¬∑—Ë«‰ª §«√¡—Ëπ„®¥â«¬«à“

ºŸâªÉ«¬‰¡à¡’ªí≠À“¢Õß√–∫∫∑“ß‡¥‘πÀ“¬„®¡’°“√∑¥·∑π intravascular volume ·≈– tis-

sue perfusion Õ¬à“ß‡æ’¬ßæÕ

§”®”°—¥§«“¡ ·≈– √–∫“¥«‘∑¬“

§”®”°—¥§«“¡æ◊Èπ∞“π¢Õß¿“«–™ÁÕ°§◊Õ °≈ÿà¡Õ“°“√∑’Ë∑”„Àâ ¡¥ÿ≈¢Õß§«“¡

μâÕß°“√·≈–°“√‰¥â√—∫ÕÕ°´‘‡®πº‘¥ª°μ‘‰ª À√◊Õ¿“«–∑’Ë‡≈◊Õ¥À¡ÿπ‡«’¬π‰ª¬—ß‡π◊ÈÕ‡¬◊ËÕ·≈–

Õ«—¬«–μà“ßÊ ‰¡à‡æ’¬ßæÕ ®π∑”„Àâ‡´≈≈å∑”ß“πº‘¥ª°μ‘·≈–Õ“®∑”„Àâ‡´≈≈åμ“¬‰¥â1

™ÁÕ°‡ªìπ¿“«–·∑√°´âÕπ∑’Ëæ∫„πºŸâªÉ«¬∑’Ë¡’‚≈À‘μ‡ªìπæ‘… (sepsis) ‰¥â∂÷ß√âÕ¬≈– 8

·≈–‡æ‘Ë¡‡ªìπ√âÕ¬≈– 25-50 „π¿“«–‚≈À‘μ‡ªìπæ‘…¢—Èπ√ÿπ·√ß (severe sepsis) „π·μà≈–ªï
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æ∫ºŸâªÉ«¬™ÁÕ°®“°°“√μ‘¥‡™◊ÈÕ„π°√–· ‡≈◊Õ¥ª√–¡“≥ 0.3-0.7 √“¬μàÕª√–™“°√ 1,000

§π2-5 πÕ°®“°π’È™ÁÕ°¬—ß‡ªìπ¿“«–·∑√° ấÕπ∑’Ëæ∫‰¥â„πºŸâªÉ«¬∑’Ë¡’¿“«–À—«„®¢“¥‡≈◊Õ¥‰¥â∂÷ß

√âÕ¬≈– 7-9 ·≈–„π·μà≈–ªï æ∫ºŸâªÉ«¬∑’Ë™ÁÕ°®“°¿“«–À—«„®¢“¥‡≈◊Õ¥‰¥âª√–¡“≥ 0.2 √“¬

μàÕª√–™“°√ 1,000 §π6-8

æ¬“∏‘ √’√«‘∑¬“

°“√μÕ∫ πÕß∑“ß°“¬¿“æ‡¡◊ËÕ‡°‘¥¿“«–™ÁÕ°‡√‘Ë¡μâπ®“°°“√°√–μÿâπ¢Õß‡π◊ÈÕ‡¬◊ËÕ

∑’Ë¢“¥‡≈◊Õ¥ ·≈–‡´≈≈å∑’Ë¢“¥æ≈—ßß“π °“√‡ ’¬ ¡¥ÿ≈√–À«à“ß§«“¡μâÕß°“√·≈–°“√‰¥â√—∫

æ≈—ßß“π¢Õß‡´≈≈å °√–μÿâπ°“√μÕ∫ πÕßμàÕ°“√Õ—°‡ ∫ (inflammatory response) ·≈–

∑“ß√–∫∫ neuroendocrine ´÷Ëß§«“¡√ÿπ·√ß¢Õß°“√μÕ∫ πÕßπ’È ¢÷Èπ°—∫ —¥ à«π¢Õß

√–¬–‡«≈“·≈–√–¥—∫§«“¡√ÿπ·√ß¢Õß™ÁÕ°9

°“√μÕ∫ πÕß®”‡æ“–¢÷Èπ°—∫™π‘¥¢Õß™ÁÕ° ·≈–°“√μÕ∫ πÕß∑“ß°“¬¿“æ°Á∂Ÿ°

®”°—¥®“°°√–μÿâπ¢Õßæ¬“∏‘ ¿“æ∑’Ë‡°‘¥¢÷Èπ ¬°μ—«Õ¬à“ß‡™àπ °“√μÕ∫ πÕß∑“ß√–∫∫‰À≈

‡«’¬π‚≈À‘μ‡°‘¥¢÷ÈπÕ¬à“ß∑—π∑’∑—π„¥ ‡¡◊ËÕ¡’°“√°√–μÿâπ∑“ß√–∫∫ª√– “∑ sympathetic „π

¿“«–™ÁÕ°®“°√–∫∫ª√– “∑ (neurogenic shock) À√◊Õ¿“«–™ÁÕ°®“°°“√μ‘¥‡™◊ÈÕ (septic

shock) πÕ°®“°π’È°“√≈¥≈ß¢Õß perfusion ‡°‘¥‰¥â∑—Èß®“°°“√°√–μÿâπÀ√◊ÕÀ¬ÿ¥∑”ß“π

¢Õß‡´≈≈å ‡™àπ„π¿“«–™ÁÕ°®“° septic ·≈–„π¿“«–™ÁÕ°®“° traumatic ¥—ß·ºπ¿Ÿ¡‘∑’Ë 1

°“√μÕ∫ πÕß®”‡æ“–μà“ßÊ ∑’Ë‡°‘¥¢÷Èπ ¡’«—μ∂ÿª√– ß§å‡æ◊ËÕ„Àâ¡’‡≈◊Õ¥‰ª‡≈’È¬ß ¡Õß

·≈–À—«„® (coronary perfusion) ‰¥â‡æ’¬ßæÕ ‚¥¬¡’°“√§«∫§ÿ¡À≈“¬√–¥—∫ ª√–°Õ∫¥â«¬

1. Stretch receptors ·≈– baroreceptors ∑’ËÀ—«„® ·≈–„π‡ âπ‡≈◊Õ¥∫√‘‡«≥

carotid sinus ·≈– aortic arch

2. Chemoreceptors

3. °“√°√–μÿâπ‡¡◊ËÕ ¡Õß¡’°“√¢“¥‡≈◊Õ¥ (cerebral ischemia)

4. °“√À≈—Ëß endogenous vasoconstrictors ischemia

5. °“√¥÷ß “√πÈ”‡¢â“ Ÿà intravascular space

6. °“√¥÷ßπÈ”°≈—∫·≈–°“√‡°Á∫ sodium ¢Õß‰μ

πÕ°®“°π’È°“√μÕ∫ πÕß∑“ß°“¬¿“æ ·ª√º—πμ“¡√–¬–‡«≈“·≈–°“√μÕ∫ πÕß
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¢Õß°“√·°â‰¢¿“«–™ÁÕ° (resuscitation) „π¿“«–™ÁÕ°®“°°“√‡ ’¬‡≈◊Õ¥ (hemorrhagic

shock) √à“ß°“¬ “¡“√∂™¥‡™¬°“√ Ÿ≠‡ ’¬‡≈◊Õ¥„π√–¬–·√°‰¥â ®“°°“√°√–μÿâπ¢Õß√–∫∫

neuroendocrine ‡æ◊ËÕ√—°…“√–∫∫‰À≈‡«’¬π‚≈À‘μ °“√™¥‡™¬π’È®—¥‡ªìπ √–¬– compen-

sated phase ¢Õß™ÁÕ° À“°¬—ß¡’¿“«–°“√‰À≈‡«’¬π‚≈À‘μμË” (hypoperfusion) Õ¬à“ßμàÕ‡π◊ËÕß

Õ“®∑”„Àâ‡´≈≈å‡°‘¥§«“¡‡ ’¬À“¬·≈–μ“¬≈ß‰¥â ´÷Ëß°Á§◊Õ¿“«– decompensated phase

¢Õß™ÁÕ°π—Ëπ‡Õß

°“√∑”ß“π∑’Ëº‘¥ª°μ‘¢Õß microcirculation, ‡π◊ÈÕ‡¬◊ËÕ∑’Ë∂Ÿ°∑”≈“¬, ·≈–°“√

°√–μÿâπ°“√∑”ß“π¢Õß inflammatory cell ∑”„Àâ‡°‘¥ hypoperfusion Õ¬à“ß∂“«√ °“√

¢“¥‡≈◊Õ¥ (ischemia) ¿“«– reperfusion ¡—°‡ªìπªí®®—¬∑’Ë∑”„Àâ‡°‘¥¿“«–π’È ·≈–∑”„Àâ

¿“«–π’È√ÿπ·√ß¡“°¢÷Èπ

º≈∑’Ë‡°‘¥¢÷Èπ„π√–¥—∫‡´≈≈åπ’È À“°‰¡à‰¥â√—∫°“√√—°…“ ®–∑”„Àâ‡°‘¥§«“¡º‘¥ª°μ‘

·ºπ¿Ÿ¡‘∑’Ë 1 °≈‰°°“√‡°‘¥¿“«–™ÁÕ°®“° “‡Àμÿμà“ßÊ
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„π√–¥—∫Õ«—¬«– ·≈–π”‰ª Ÿà«ß®√Õÿ∫“∑«å (vicious cycle) ¢Õß¿“«–™ÁÕ° μ“¡·ºπ¿Ÿ¡‘∑’Ë 2

¿“«–‰À≈‡«’¬π‚≈À‘μμË”Õ¬à“ßμàÕ‡π◊ËÕß ∑”„Àâ√–∫∫‰À≈‡«’¬π‚≈À‘μÀ¬ÿ¥™–ß—° ·≈–

§«“¡¥—π‚≈À‘μ≈¥μË”≈ß ‡¢â“ Ÿà√–¬– irreversible phase ¢Õß™ÁÕ° ≥ ®ÿ¥π—Èπ À“°¬—ß¡’

°“√∑”≈“¬¢Õß‡π◊ÈÕ‡¬◊ËÕ ·≈– microvascular Õ¬à“ßμàÕ‡π◊ËÕß ´÷Ëß‰¡à “¡“√∂√—°…“À√◊Õ

·°â‰¢¿“«–π’È‰¥â∑—π °Á®–‡ªìπ “‡Àμÿ„ÀâºŸâªÉ«¬‡ ’¬™’«‘μ„π∑’Ë ÿ¥

·ºπ¿Ÿ¡‘∑’Ë 2 «ß®√Õÿ∫“∑«å¢Õß¿“«–™ÁÕ°

·ºπ¿Ÿ¡‘∑’Ë 3 º≈°“√»÷°…“„π Wiggers model
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®“°°“√»÷°…“„π —μ«å∑¥≈Õß ‡√◊ËÕß ™ÁÕ°®“°°“√‡ ’¬‡≈◊Õ¥ (modified Wiggers

model)9 Õ∏‘∫“¬ uptake phase À√◊Õ compensation endpoint ‚¥¬»÷°…“Õ—μ√“°“√

√Õ¥™’«‘μ„π™à«ß 24 ™—Ë«‚¡ß¢Õß —μ«å∑¥≈Õß ‡∑’¬∫°—∫ª√‘¡“≥°“√‡ ’¬‡≈◊Õ¥¢Õß —μ«å

∑¥≈Õß‚¥¬∑”„Àâ —μ«å∑¥≈Õß‡ ’¬‡≈◊Õ¥Õ¬à“ß™â“Ê ®π∑”„Àâ‡°‘¥¿“«–§«“¡¥—π‚≈À‘μμË” ‡°‘¥

irreversible shock ·≈–∑”„Àâ —μ«å∑¥≈Õß‡ ’¬™’«‘μ„π∑’Ë ÿ¥ (·ºπ¿Ÿ¡‘∑’Ë 3)

°“√μÕ∫ πÕß¢Õß neuroendocrine ·≈– organ-specific ‡¡◊ËÕ‡°‘¥°“√
‡ ’¬‡≈◊Õ¥

‡ªÑ“À¡“¬¢Õß°“√μÕ∫ πÕß∑“ß neuroendocrine ‡¡◊ËÕ¡’°“√‡ ’¬‡≈◊Õ¥ §◊Õ °“√

∑”„Àâ¡’‡≈◊Õ¥‰ª‡≈’È¬ß ¡Õß·≈–À—«„®Õ¬à“ß‡æ’¬ßæÕ √«¡∂÷ß°“√∑”ß“π¢ÕßÕ«—¬«–Õ◊ËπÊ ¥â«¬

‚¥¬°“√∑”„Àâ‡°‘¥°“√À¥μ—«¢ÕßÀ≈Õ¥‡≈◊Õ¥ à«πª≈“¬ (peripheral) ·≈–¬—∫¬—Èß°“√À≈—Ëß

 “√πÈ”¢Õß√à“ß°“¬°≈‰°π’È¬—ß√«¡∂÷ß°“√§«∫§ÿ¡°“√À¥-¢¬“¬μ—«¢ÕßÀ≈Õ¥‡≈◊Õ¥ periph-

eral ·≈–°“√∫’∫μ—«¢ÕßÀ—«„® °“√μÕ∫ πÕß¢ÕßŒÕ√å‚¡π‡¡◊ËÕ‡°‘¥§«“¡‡§√’¬¥ (hormone

response to stress) °“√≈¥≈ß¢Õßª√‘¡“≥ “√πÈ”„π√à“ß°“¬ ·≈–§«∫§ÿ¡ª√‘¡“≥‡≈◊Õ¥

∑’Ë‰ª‡≈’È¬ßÕ«—¬«–μà“ßÊ °“√‡√‘Ë¡μâπ¢Õß°“√°√–μÿâππ’È ®–‡°‘¥¢÷Èπ‡¡◊ËÕ¡’°“√ Ÿ≠‡ ’¬‡≈◊Õ¥„π

√–∫∫°“√‰À≈‡«’¬π‚≈À‘μ ·≈–§«“¡√ÿπ·√ß¢Õß°“√μÕ∫ πÕß¢Õß neuroendocrine ¢÷Èπ

°—∫ª√‘¡“≥·≈–Õ—μ√“°“√‡ ’¬‡≈◊Õ¥∑’Ë‡°‘¥¢÷Èπ

● Afferent Signals

°√–· ∑’Ë àßÕÕ°®“° peripheral ‡ªìπ°√–∫«π°“√∑’Ë‡°‘¥¢÷Èπ„π√–∫∫ª√– “∑

 à«π°≈“ß ·≈–°√–μÿâπμ—«√—∫°“√μÕ∫ πÕß (effector responses) μ—«√—∫°“√μÕ∫ πÕß

‡À≈à“π’È ∂Ÿ°ÕÕ°·∫∫„Àâ°√–®“¬ª√‘¡“≥ plasma volume, §ß‰«â¢Õßª√‘¡“≥‡≈◊Õ¥·≈–

°“√¢π àßÕÕ°´‘‡®π∑’Ë‰ª‡≈’È¬ß‡π◊ÈÕ‡¬◊ËÕ à«πª≈“¬, ·≈–‡°Á∫°≈‰°°“√·¢Áßμ—«¢Õß‡≈◊Õ¥‚¥¬

°“√°√–μÿâπ ®–‡√‘Ë¡‡¡◊ËÕ¡’°“√‡ ’¬‡≈◊Õ¥

μ—«°√–μÿâπÕ◊Ëπ∑’Ë∑”„Àâ‡°‘¥°“√μÕ∫ πÕß¢Õß neuroendocrine ‰¥â·°à §«“¡‡®Á∫

ª«¥, hypoxia, hypercarbia, ¿“«–‡≈◊Õ¥‡ªìπ°√¥, °“√μ‘¥‡™◊ÈÕ, °“√‡ª≈’Ë¬π·ª≈ß

Õÿ≥À¿Ÿ¡‘√à“ß°“¬, Õ“√¡≥å, ·≈–¿“«–πÈ”μ“≈„π‡≈◊Õ¥μË”

§«“¡√Ÿâ ÷°‡®Á∫ª«¥®“°‡π◊ÈÕ‡¬◊ËÕ∑’Ë¡’°“√∫“¥‡®Á∫ ∂Ÿ° àß‰ª‚¥¬ spinothalamic
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tracts  àßº≈„Àâ‡°‘¥°“√°√–μÿâπ∑’Ë hypothalamic-pituitary-adrenal axis ·≈–°“√

°√–μÿâπ∑’Ë√–∫∫ª√– “∑Õ—μ‚π¡—μ‘  àßº≈‚¥¬μ√ßμàÕ°“√°√–μÿâπ sympathetic ∑’Ë adrenal

medulla „π°“√À≈—Ëß “√ catecolamines

Baroreceptor ‡ªìπμ—« àß°√–·  afferent ∑’Ë ”§—≠„π°“√μÕ∫ πÕßμàÕ¿“«–™ÁÕ°

volume receptor ‰«μàÕ°“√‡ª≈’Ë¬π·ª≈ß§«“¡¥—π∑’Ëºπ—ßÀ—«„® atrium ´÷Ëß®–‡°‘¥°“√

°√–μÿâπ‡¡◊ËÕ¡’°“√‡ ’¬‡≈◊Õ¥ª√‘¡“≥πâÕ¬ À√◊Õ‡¡◊ËÕ·√ß¥—π∑’Ëºπ—ß atrium ¥â“π¢«“≈¥≈ß re-

ceptor ∑’Ë∫√‘‡«≥ aortic arch ·≈– carotid body ®–‡°‘¥°“√μÕ∫ πÕß‡¡◊ËÕ¡’°“√

‡ª≈’Ë¬π·ª≈ß·√ß¥—π¢Õßºπ—ßÀ≈Õ¥‡≈◊Õ¥ ∑’ËμÕ∫ πÕßμàÕ°“√≈¥≈ß¢Õß intravascular

volume À√◊Õ pressure „πª√‘¡“≥¡“°

ª°μ‘·≈â« receptor ‡À≈à“π’È®–¬—∫¬—Èß°“√™—°π”√–∫∫ª√– “∑Õ—μ‚π¡—μ‘ ‡¡◊ËÕ‡°‘¥

°“√°√–μÿâπ receptor ‡À≈à“π’È®–¬—∫¬—Èß output μ—«‡Õß ¬—ßº≈„Àâ‡°‘¥°“√¬°‡≈‘°°“√¬—∫¬—Èß

√–∫∫ª√– “∑Õ—μ‚π¡—μ‘ √–∫∫ª√– “∑Õ—μ‚π¡—μ‘®÷ß‡æ‘Ë¡ output ¢Õßμ—«¡—π‡Õßºà“π∑“ß va-

somotor center ∑’Ë°â“π ¡Õß (brain stem) °√–μÿâπ„Àâ‡°‘¥°“√À¥μ—«¢ÕßÀ≈Õ¥‡≈◊Õ¥

®“° à«π°≈“ß

Chemoreceptor ∑’Ë aorta ·≈– carotid body ‰«μàÕ°“√‡ª≈’Ë¬π·ª≈ß¢Õß

ÕÕ°´‘‡®π §«“¡‡¢â¡¢âπ¢Õß H+ ‰ÕÕÕπ·≈–ª√‘¡“≥§“√å∫Õπ‰¥ÕÕ°‰´¥å °“√°√–μÿâπ

chemoreceptor  àßº≈μàÕ°“√¢¬“¬μ—«¢ÕßÀ≈Õ¥‡≈◊Õ¥À—«„®∑”„ÀâÀ—«„®‡μâπ™â“≈ß ‡°‘¥

°“√À¥μ—«¢ÕßÀ≈Õ¥‡≈◊Õ¥ splanchnic ·≈–À≈Õ¥‡≈◊Õ¥„π°√–¥Ÿ° πÕ°®“°π’È¬—ß∑”„Àâ

‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß¢Õß mediators μà“ßÊ ∑—Èß™π‘¥‚ª√μ’π·≈–‰¡à„™à‚ª√μ’π∑’Ë‡°‘¥¢÷Èπ„π

μ”·Àπàß∑’Ë¡’°“√∫“¥‡®Á∫ ´÷Ëß mediators ‡À≈à“π’È®–∑”Àπâ“∑’Ë‡ªìπμ—« àß°√–·  afferent

„Àâ‡°‘¥°“√μÕ∫ πÕß mediators ‡À≈à“π’È ‰¥â·°à histamine, cytokines, eicosanoids,

·≈– endothelins

● Efferent Signals

°“√μÕ∫ πÕß¢ÕßÀ—«„®·≈–À≈Õ¥‡≈◊Õ¥

¡’°“√‡ª≈’Ë¬π·ª≈ß°“√∑”ß“π¢ÕßÀ—«„®·≈–À≈Õ¥‡≈◊Õ¥μ“¡°“√μÕ∫ πÕß¢Õß

neuroendocrine ·≈–√–∫∫ª√– “√∑Õ—μ‚π¡—μ‘‡¡◊ËÕ‡°‘¥¿“«–™ÁÕ° °“√‡ ’¬‡≈◊Õ¥∑”„Àâ

¡’ª√‘¡“≥‡≈◊Õ¥‰À≈°≈—∫‡¢â“ ŸàÀ—«„®≈¥≈ß (diminished venous return) ·≈–∑”„Àâ
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ª√‘¡“≥‡≈◊Õ¥∑’ËÀ—«„® Ÿ∫©’¥ÕÕ°‰ª‡≈’È¬ßÕ«—¬«–μà“ßÊ ≈¥≈ßμ“¡‰ª¥â«¬ (decreased car-

diac output) ®÷ß¡’°“√™¥‡™¬¥â«¬°“√°√–μÿâπ‚¥¬ºà“π sympathetic fiber ‰ª¬—ß β1-

adrenergic receptors ‡æ◊ËÕ‡æ‘Ë¡Õ—μ√“°“√‡μâπ¢ÕßÀ—«„® (heart rate) ·≈–À—«„®

‡æ‘Ë¡°“√∫’∫μ—« (contractility) æ√âÕ¡Ê °—∫‡°‘¥°“√À¥μ—« (vasoconstriction) ¢Õß

À≈Õ¥‡≈◊Õ¥∑—Èß·¥ß·≈–¥”

°≈â“¡‡π◊ÈÕÀ—«„®®–„™âÕÕ°´‘‡®π Ÿß¢÷Èπμ“¡ª√‘¡“≥°“√∑”ß“π∑’Ë¡“°¢÷Èπ ¥—ßπ—Èπ®÷ß

μâÕß¡’ÕÕ°´‘‡®π‰ª‡≈’È¬ß°≈â“¡‡π◊ÈÕÀ—«„®Õ¬à“ß‡æ’¬ßæÕ ¡‘©–π—Èπ®– àßº≈„Àâ°“√∑”ß“π¢Õß

°≈â“¡‡π◊ÈÕÀ—«„®º‘¥ª°μ‘‰ª °“√μÕ∫ πÕß¢ÕßÀ—«„®·≈–À≈Õ¥‡≈◊Õ¥„π¿“«–™ÁÕ°™π‘¥μà“ßÊ

¡’§«“¡·μ°μà“ß°—π¥—ßμ“√“ß∑’Ë 1

 à«πÀ≈Õ¥‡≈◊Õ¥ à«π peripheral ®–∂Ÿ°°√–μÿâπºà“π∑“ß α1-adrenergic recep-

tors ∫π arterioles ‡°‘¥°“√À¥μ—«‡æ◊ËÕ‡æ‘Ë¡ peripheral vascular resistance ·≈–·√ß

¥—πÀ—«„® ·μà°“√À¥μ—«¢ÕßÀ≈Õ¥‡≈◊Õ¥„π·μà≈–Õ«—¬«–¡’§«“¡·μ°μà“ß°—πμ“¡§«“¡ ”§—≠

À≈Õ¥‡≈◊Õ¥∑’Ëº‘«Àπ—ß ≈”‰ â ·≈–‰μ ¡’°“√À¥μ—«‰¥â¡“°°«à“ À≈Õ¥‡≈◊Õ¥∑’Ë ¡Õß ·≈–À—«„®

‡æ√“–√à“ß°“¬¡’ autoregulation∑’Ë®–ªÑÕß°—π‰¡à„Àâ‡≈◊Õ¥‰ª∑’Ë ¡Õß·≈–À—«„®≈¥≈ß

¬°‡«âπ„π°√≥’∑’Ë¡’°“√≈¥≈ß¢Õß cardiac output ‡ªìπÕ¬à“ß¡“°

μ“√“ß∑’Ë 1 °“√μÕ∫ πÕß¢Õß√–∫∫‰À≈‡«’¬π‚≈À‘μ„π¿“«–™ÁÕ°™π‘¥μà“ßÊ

Cardiac Venous Cellular/Metabolic
Type of Shock SVR CVP/PCWP SvO2Index Capacitance Effects

Hypovolemic decrease increase decrease decrease decrease Effect

Septic severe decrease increase varied varied Cause

increase response response

Cardiogenic severe severe little increase decrease Effect

decrease increase effect

Neurogenic increase decrease little effect decrease decrease Effect

SVR = systemic vascular resistance; CVP = central venous pressure; PCWP = pulmonary capillary wedge
pressure; SvO2 = mixed venous oxygen saturation
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°“√‡æ‘Ë¡¢÷Èπ¢Õß sympathetic °√–μÿâπ„Àâ¡’°“√À≈—Ëß catecholamine ®“°

adrenal medulla ª√‘¡“≥¢Õß catecholamine ®–‡æ‘Ë¡¢÷Èπ Ÿß ÿ¥„π 24-48 ™—Ë«‚¡ß

À≈—ß°“√∫“¥‡®Á∫ À≈—ß®“°π—Èπ®–≈¥≈ß Ÿà√–¥—∫ª°μ‘ °“√∑’Ë¡’√–¥—∫ catecholamine  ŸßμàÕ

‡π◊ËÕß · ¥ß∂÷ßÕ—πμ√“¬ adrenaline „π√–∫∫‰À≈‡«’¬π‚≈À‘μ à«π„À≠à∂Ÿ° √â“ß∑’Ë adrenal

medulla „π¢≥–∑’Ë noradrenaline ∂Ÿ° √â“ß„π√–∫∫ª√– “∑ sympathetic º≈¢Õß cat-

echolamine μàÕ‡π◊ÈÕ‡¬◊ËÕ peripheral ®–°√–μÿâπ„Àâμ—∫ ≈“¬ glycogen ·≈–‡æ‘Ë¡°“√

 —ß‡§√“–Àå°≈Ÿ‚§  (gluconeogenesis) πÕ°®“°π’È¬—ß‡æ‘Ë¡°“√ ≈“¬ glycogen ∑’Ë°≈â“¡‡π◊ÈÕ

¬—∫¬—Èß°“√À≈—Ëß insulin ·≈–‡æ‘Ë¡°“√À≈—Ëß glycogen ‡æ◊ËÕ‡æ‘Ë¡√–¥—∫πÈ”μ“≈„π‡≈◊Õ¥„Àâ Ÿß

¢÷Èπ

°“√μÕ∫ πÕß∑“ßŒÕ√å‚¡π

°“√μÕ∫ πÕß‡¡◊ËÕ‡°‘¥ stress πÕ°®“°¡’°“√°√–μÿâπ√–∫∫ª√– “∑Õ—μ‚π¡—μ‘ ¥—ß

∑’Ë‰¥â°≈à“«¡“·≈â« ¬—ß¡’°“√°√–μÿâπ hypothalamic-pituitary-adrenal axis Õ’°¥â«¬

¿“«–™ÁÕ°®–°√–μÿâπ hypothalamus „ÀâÀ≈—Ëß corticotropin-releasing hormone´÷Ëß®–

∑”„Àâ¡’°“√À≈—Ëß adrenocorticotropic hormone (ACTH) ®“°μàÕ¡ pituitary ®“°π—Èπ

ACTH ®–°√–μÿâπ„Àâ adrenal cortex À≈—Ëß cortisol μ—« cortisol ®–∑”Àπâ“∑’Ë adrena-

line ·≈– glucagon ∑”„Àâ‡¢â“ Ÿà√–¬– catabolic state ·≈– cortisol ¬—ß°√–μÿâπ„Àâ‡°‘¥

gluconeogenesis ·≈–¬—ß¬—∫¬—Èß insulin º≈¢Õß°“√°√–∑”π’È∑”„Àâ √–¥—∫πÈ”μ“≈„π

‡≈◊Õ¥ Ÿß¢÷Èπ ·≈–∑”„Àâ‡´≈≈å°≈â“¡‡π◊ÈÕ  ≈“¬‚ª√μ’π·≈–‰¢¡—π  ”À√—∫°√–∫«π°“√ gluco-

neogenesis ∑’Ëμ—∫ cortisol ¬—ß∑”„Àâ¡’°“√§—Ëß¢Õß sodium ·≈–πÈ”∑’Ë‰μ

√–∫∫ renin-angiotensin ®–∂Ÿ°°√–μÿâπ„π¿“«–™ÁÕ° ‡¡◊ËÕ‡≈◊Õ¥‰ª‡≈’È¬ß‰μ≈¥≈ß

À√◊Õ¡’°“√°√–μÿâπ β-adrenergic À√◊Õ¡’§«“¡‡¢â¡¢âπ¢Õß‡°≈◊Õ sodium ¡“°¢÷Èπ∑’Ë∫√‘‡«≥

renal tubular ®“°°“√À≈—Ëß renin ®“°‡´≈≈å juxtaglomerular

Renin °√–μÿâπ„Àâ angiotensinogen ́ ÷Ëß∂Ÿ° —ß‡§√“–Àå∑’Ëμ—∫ ‡ª≈’Ë¬π‡ªìπ angio-

tensin I ·≈–®–∂Ÿ°‡ª≈’Ë¬π‡ªìπ angiotensin II ‚¥¬‡ÕÁπ‰´¡å angiotensin-converting

´÷Ëß∂Ÿ° —ß‡§√“–Àå∑’ËªÕ¥ angiotensin II π’È‡ªìπμ—«∑’Ë∑”„Àâ À≈Õ¥‡≈◊Õ¥ splanchnic ·≈–

 à«π peripheral Õ◊ËπÊ ‡°‘¥°“√À¥μ—« ·≈–¬—ß°√–μÿâπ°“√À≈—ËßŒÕ√å‚¡π aldosterone, ACTH,
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·≈– antidiuretic hormone (ADH) Õ’°¥â«¬ aldosterone ´÷Ëß‡ªìπ mineralocorticoid

®– —Ëß„Àâ nephron ¥Ÿ¥ sodium °≈—∫æ√âÕ¡°—∫πÈ” ·≈–¢—∫Õπÿ¿“§ potassium ·≈– hy-

drogen ÕÕ°‰ª∑“ßªí  “«–‡æ◊ËÕ·≈°‡ª≈’Ë¬π°—∫ sodium

μàÕ¡ pituitary ¬—ßÀ≈—Ëß vasopressin À√◊Õ ADH ‡æ◊ËÕμÕ∫ πÕßμàÕ¿“«– hyp-

ervolemia À√◊Õ‡¡◊ËÕ¡’°“√‡ª≈’Ë¬π·ª≈ßª√‘¡“≥‡≈◊Õ¥„π√–∫∫‰À≈‡«’¬π‚≈À‘μ ∑’Ë√—∫√Ÿâ‰¥â®“°

baroreceptor ·≈– receptor ∑’Ë left atrium À√◊Õ‡¡◊ËÕ¡’°“√‡æ‘Ë¡¢÷Èπ¢Õß osmolarity

„πæ≈“ ¡“ ´÷Ëß√—∫√Ÿâ‰¥â®“° osmoreceptor ∑’Ë hypothalamus

Adrenaline,angiotensin II, §«“¡‡®Á∫ª«¥,·≈–¿“«–πÈ”μ“≈„π‡≈◊Õ¥ Ÿß®–

‡æ‘Ë¡°“√ √â“ß ADH √–¥—∫ ADH ®–§ß ŸßÕ¬Ÿàª√–¡“≥ Àπ÷Ëß —ª¥“Àå À≈—ß°“√°√–μÿâπ ´÷Ëß

¢÷Èπ°—∫§«“¡√ÿπ·√ß·≈–√–¬–‡«≈“∑’Ë‡°‘¥§«“¡º‘¥ª°μ‘¢Õß√–∫∫‰À≈‡«’¬π‚≈À‘μ ADH ®–

∑”ß“π∑’Ë distal tubule ·≈– collecting duct ¢Õß nephron ‡æ◊ËÕªÑÕß°—π°“√ Ÿ≠‡ ’¬

πÈ”·≈– sodium ‡æ◊ËÕ√—°…“ª√‘¡“≥ intravascular volume ´÷Ëß√Ÿâ®—°°—π„ππ“¡ arginine

vasopressin ·≈– ADH ¬—ß∑”„Àâ‡°‘¥°“√À¥μ—«¢ÕßÀ≈Õ¥‡≈◊Õ¥∑’Ë mesentery ‡æ◊ËÕπ”

‡≈◊Õ¥®“°Õ«—¬«– à«ππ’È‰ª„™â∑¥·∑π11 „π¿“«–∑’Ë‡°‘¥ hypovolemia ́ ÷Ëß¬—ßº≈„Àâ≈”‰ â¢“¥

‡≈◊Õ¥ ·≈–∑”„Àâ°≈‰°°“√ªÑÕß°—π∑’Ë mucosa ¢Õß≈”‰ â ∑”ß“πº‘¥ª°μ‘‰ª„π™à«ß∑’Ë¡’¿“«–

™ÁÕ°

„π¿“«– sepsis  “√æ‘… (endotoxin) ®–°√–μÿâπ„Àâ¡’°“√À≈—Ëß arginine vaso-

pressin ‚¥¬‰¡à‰¥â‡ªìπº≈¡“®“° °“√‡ª≈’Ë¬π·ª≈ß¢Õß§«“¡¥—π‚≈À‘μ osmolarity À√◊Õ

°“√‡ª≈’Ë¬π·ª≈ß¢Õß intravascular volume πÕ°®“°π’È proinflammatory cytokines

¡’ à«π∑”„Àâ¡’°“√À≈—Ëß arginine vasopressin ¥—ßπ—ÈπºŸâªÉ«¬∑’Ë‰¥â√—∫¬“°≈ÿà¡ ACE inhibi-

tors ®÷ß¡’§«“¡‡ ’Ë¬ß μàÕ°“√‡°‘¥§«“¡¥—π‚≈À‘μμË” ·≈–¿“«–™ÁÕ°∑’Ë‡°‘¥®“°À≈Õ¥‡≈◊Õ¥

¢¬“¬μ—«„π°“√ºà“μ—¥ open heart ´÷Ëß¡—°μ√«®æ∫√–¥—∫ arginine vasopressin μË”„π

‡≈◊Õ¥¢ÕßºŸâªÉ«¬‡À≈à“π’È12

● °“√√—°…“ ¡¥ÿ≈¢Õß√–∫∫‰À≈‡«’¬π‚≈À‘μ (Circulatory Homeostasis)

Preload

„π¿“«–ª°μ‘ ª√‘¡“≥‡≈◊Õ¥ à«π„À≠à®–Õ¬Ÿà„π√–∫∫‡≈◊Õ¥¥” ‡≈◊Õ¥∑’Ë‰À≈°≈—∫‡¢â“

 ŸàÀ—«„® ∑”„Àâ‡°‘¥·√ßμ÷ß∑’Ë end-diastolic wall ¢Õß ventricle ́ ÷Ëß‡ªìπªí®®—¬À≈—°μàÕ car-
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diac output °“√À¥μ—«¢Õß°≈â“¡‡π◊ÈÕ‡√’¬∫ºπ—ß‡ âπ‡≈◊Õ¥¥” ·≈– passive elastic re-

coil ∑”„Àâ¡’°“√‡æ‘Ë¡‡≈◊Õ¥‡¢â“ ŸàÀ—«„®

°“√‡ª≈’Ë¬π·ª≈ß¢Õß cardiac output „πÀ—«„®ª°μ‘ ¢÷Èπ°—∫°“√‡ª≈’Ë¬π·ª≈ß¢Õß

preload °“√‡æ‘Ë¡¢÷Èπ¢Õß sympathetic tone  àßº≈‡æ’¬ß‡≈Á°πâÕ¬μàÕª√‘¡“≥‡≈◊Õ¥∑’Ë

°≈â“¡‡π◊ÈÕ ·μà®–≈¥ª√‘¡“≥ splanchnic blood volume Õ¬à“ß¡“°´÷Ëß¡’∂÷ß√âÕ¬≈– 20

¢Õßª√‘¡“≥‡≈◊Õ¥

°“√μÕ∫ πÕß¢Õßª√‘¡“≥ intravascular volume ‡°‘¥®“°°“√‡ª≈’Ë¬π·ª≈ß

venous tone, systemic vascular resistance, ·≈–°“√‡æ‘Ë¡·√ß¥—π„π™àÕßÕ° à«π°“√

‡ª≈’Ë¬π·ª≈ß¢ÕßŒÕ√å‚¡π¡’§«“¡ ”§—≠πâÕ¬„π™à«ß·√°‡¡◊ËÕ¡’°“√μÕ∫ πÕßμàÕ°“√ Ÿ≠‡ ’¬

volume

Ventricular contraction

°“√À¥μ—«¢Õß ventricle Õ∏‘∫“¬‰¥â‚¥¬„™â °√“ø‡ âπ Frank-Starling curve

‡™àπ‡¥’¬«°—∫°“√Õ∏‘∫“¬ preload §«“¡º‘¥ª°μ‘∑’Ë‡°‘¥®“°°“√∑”ß“π¢ÕßÀ—«„® ®–∑”„Àâ

√Ÿª√à“ß¢Õß°√“øº‘¥ª°μ‘‰ª¥â«¬ ·≈– àßº≈μàÕª√– ‘∑∏‘¿“æ°“√∑”ß“π¢ÕßÀ—«„® ´÷Ëßæ∫‰¥â

„πºŸâªÉ«¬∑’Ë™ÁÕ°®“° burns, sepsis, trauma, ·≈– sepsis

Afterload

§◊Õ·√ß∑’Ëμâ“π°“√∑”ß“π¢Õß°≈â“¡‡π◊ÈÕÀ—«„®‡¡◊ËÕ‡°‘¥°“√∫’∫μ—« ·√ß¥—π¢ÕßÀ≈Õ¥

‡≈◊Õ¥‡ªìπ à«π ”§—≠¢Õß afterload ´÷Ëß àßº≈μàÕ ejection fraction ·√ßμâ“π¢ÕßÀ≈Õ¥

‡≈◊Õ¥‡°‘¥‚¥¬ precapillary smooth muscle sphincters ·≈–§«“¡Àπ◊¥¢Õß‡≈◊Õ¥

™à«¬‡æ‘Ë¡·√ßμâ“π¢ÕßÀ≈Õ¥‡≈◊Õ¥¥â«¬ „π¿“«–∑’ËÀ—«„®∑”ß“π‰¥âª°μ‘ ‡¡◊ËÕ¡’°“√‡æ‘Ë¡¢÷Èπ¢Õß

afterload, stroke volume ®–∂Ÿ°√—°…“„Àâ§ß∑’Ë‚¥¬°“√‡æ‘Ë¡ preload ‡¡◊ËÕ¡’°“√‡ ’¬ vol-

ume „π¿“«–™ÁÕ° ·≈– preload ≈¥≈ß ∑”„Àâ cardiac output ≈¥≈ß ®÷ß‡°‘¥°“√μÕ∫

 πÕß‚¥¬°“√À≈—Ëß cathecolamines ·≈–°√–μÿâπ√–∫∫ª√– “∑ sympathetic ‡æ◊ËÕ„Àâ

À—«„®‡æ‘Ë¡·√ß∫’∫μ—« ·≈–‡æ‘Ë¡Õ—μ√“°“√‡μâπ¢ÕßÀ—«„®∑¥·∑π

Microcirculation

√–∫∫‰À≈‡«’¬ππ’È™à«¬≈”‡≈’¬ß‡≈◊Õ¥‰ª¬—ß‡´≈≈åμà“ßÊ „Àâ‰¥âÕ¬à“ß‡æ’¬ßæÕ ‚¥¬

√—∫§” —Ëß®“°√–∫∫ª√– “∑ sympathetic ¡“¬—ß arterioles ‡¡◊ËÕ¡’°“√‡ ’¬‡≈◊Õ¥ arte-
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rioles ®–‡°‘¥°“√À¥μ—«  à«π„π¿“«–™ÁÕ°®“° sepsis À√◊Õ neurogenic À≈Õ¥‡≈◊Õ¥®–

¢¬“¬μ—« πÕ°®“°π’È vasoactive protein μà“ßÊ ‡™àπ vasopressin, angiotensin II,

·≈–endothelin-1 ®–°√–μÿâπ„ÀâÀ≈Õ¥‡≈◊Õ¥‡À≈à“π’È‡°‘¥°“√À¥μ—« ‡æ◊ËÕ®”°—¥‡≈◊Õ¥‰ª¬—ß

º‘«Àπ—ß °≈â“¡‡π◊ÈÕ·¢π¢“ ‰μ ·≈–∑“ß‡¥‘πÕ“À“√ ‡æ◊ËÕ‡æ‘Ë¡‡≈◊Õ¥‰ª¬—ßÀ—«„®·≈–√–∫∫

ª√– “∑ à«π°≈“ß·∑π

°“√μÕ∫ πÕß¢Õß microcirculation „π¿“«–™ÁÕ° ®–‡°‘¥§«“¡º‘¥ª°μ‘¢Õß en-

dothelium ∑”„Àâ‡°‘¥ capillary leak, intracellular swelling, ·≈–‡°‘¥ extracellular

fluid deficit μ“¡¡“ ¡’À≈“¬ªí®®—¬∑’Ë°àÕ„Àâ‡°‘¥§«“¡º‘¥ª°μ‘π’È ·μà¡—°‡°‘¥®“°§«“¡º‘¥

ª°μ‘¢Õß energy-dependent mechanisms ∑’Ë sodium-potassium pump ∑”„Àâ

membrane ‡ ’¬ª√– ‘∑∏‘¿“æ‰ª

∫∑ √ÿª

√à“ß°“¬®–¡’°“√μÕ∫ πÕß∑—Èß∑“ß°“¬¿“æ·≈–°“√μÕ∫ πÕß®”‡æ“–‡¡◊ËÕ‡°‘¥¿“«–

™ÁÕ°°“√μÕ∫ πÕß∑“ß°“¬¿“æ‡°‘¥®“°°“√°√–μÿâπ¢Õß‡π◊ÈÕ‡¬◊ËÕ∑’Ë¢“¥‡≈◊Õ¥·≈–‡´≈≈å∑’Ë

¢“¥æ≈—ßß“π °√–μÿâπ°“√μÕ∫ πÕßμàÕ°“√Õ—°‡ ∫ ·≈–∑“ß√–∫∫ neuroendocrine ´÷Ëß

°“√μÕ∫ πÕß∑“ß°“¬¿“æπ’È®–º—π·ª√μ“¡√–¬–‡«≈“∑’Ë‡°‘¥¿“«–™ÁÕ°·≈–°“√μÕ∫ πÕß

¢Õß√à“ß°“¬μàÕ°“√·°â‰¢¿“«–™ÁÕ°π—Èπ ¿“«–™ÁÕ°ª√–‡¿∑π’ÈμÕ∫ πÕß∑—Èß∑“ß°“¬¿“æ

·≈–°“√μÕ∫ πÕß®”‡æ“–

 à«π°“√μÕ∫ πÕß®”‡æ“–π—Èπ¢÷Èπ°—∫™π‘¥μà“ßÊ ¢Õß™ÁÕ° ¡’°“√§«∫§ÿ¡À≈“¬√–¥—∫

ºà“πμ—«√—∫À√◊Õ receptors À≈“¬™π‘¥ ‡™àπ stretch receptors, baroreceptors, ·≈–

chemoreceptors ‡ªìπμâπ°“√μÕ∫ πÕß∑—Èß Õßª√–‡¿∑π’È ¡’«—μ∂ÿª√– ß§å‡æ◊ËÕ„Àâ¡’‡≈◊Õ¥

‰ª‡≈’È¬ß ¡Õß ·≈–À—«„®‰¥âÕ¬à“ß‡æ’¬ßæÕ

°“√‡¢â“„®æ¬“∏‘ √’√«‘∑¬“¢Õß¿“«–™ÁÕ° ®–™à«¬„Àâ»—≈¬·æ∑¬å‡¢â“„®∂÷ß°“√μÕ∫

 πÕßμà“ßÊ ¢Õß√à“ß°“¬ºŸâªÉ«¬∑’Ë‡°‘¥¢÷Èπ‡¡◊ËÕ‡°‘¥¿“«–™ÁÕ° ´÷Ëß®–™à«¬„Àâ “¡“√∂æ¬“°√≥å
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