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‡§√◊ËÕßµ‘¥µ“¡ ¿“«–¢ÕßºŸâªÉ«¬„πÀÕºŸâªÉ«¬Àπ—° (Monitors in the ICU)
ICU À√◊Õ intensive care unit À¡“¬∂÷ß Àπà«¬∫”∫—¥æ‘‡»…‡æ◊ËÕ¥Ÿ·≈ºŸâªÉ«¬∑’Ë®”‡ªìπµâÕß‰¥â√—∫°“√¥Ÿ·≈

(√—°…“æ¬“∫“≈) Õ¬à“ß„°≈â™‘¥ ºŸâªÉ«¬„π ICU Õ“®‡ªìπºŸâªÉ«¬Àπ—°À√◊ÕºŸâªÉ«¬«‘°ƒµÀ√◊Õ‰¡à°Á‰¥â ºŸâªÉ«¬«‘°ƒµ (criti-
cally ill patient) À¡“¬∂÷ß ºŸâªÉ«¬∑’Ë¡’À√◊Õ„°≈â®–‡°‘¥§«“¡≈â¡‡À≈«¢ÕßÕ«—¬«–√–∫∫„¥√–∫∫Àπ÷Ëßµ—Èß·µà 1 √–∫∫
¢÷Èπ‰ª ºŸâªÉ«¬‡À≈à“π’È®”‡ªìπµâÕß‰¥â√—∫°“√‡ΩÑ“√–«—ßµ‘¥µ“¡°“√‡ª≈’Ë¬π·ª≈ß ‡æ◊ËÕ„Àâ°“√√—°…“‰¥â∑—π∑à«ß∑’ ·µàºŸâªÉ«¬
∑’Ë‰¡à„™àºŸâªÉ«¬Àπ—°À√◊ÕºŸâªÉ«¬«‘°ƒµ (°≈à“«§◊Õ‰¡à¡’À√◊Õ‰¡à‡ ’Ë¬ßµàÕ organ system failure) °ÁÕ“®®”‡ªìπµâÕß‰¥â√—∫
°“√‡ΩÑ“√–«—ßµ‘¥µ“¡°“√‡ª≈’Ë¬π·ª≈ß ¿“«–°“√∑”ß“π¢Õß√–∫∫µà“ßÊ ‰¥â ‡æ◊ËÕªÑÕß°—π¿“«–·∑√°´âÕπ∫“ßÕ¬à“ß
∑’ËÕ“®‡°‘¥¢÷Èπ‰¥â ‡™àπ ºŸâªÉ«¬ acute coronary syndrome, ºŸâªÉ«¬À≈—ß∑” cardiac catheterization, ºŸâªÉ«¬‰¥â√—∫
¬“À√◊Õ “√æ‘…∫“ßÕ¬à“ß ÷́Ëß¡“√—∫°“√‡ΩÑ“√–«—ß°“√‡°‘¥Õ“°“√·≈–Õ“°“√· ¥ß¢Õß¬“À√◊Õ “√æ‘…π—Èπ ‡ªìπµâπ

Routine monitoring ¢ÕßºŸâªÉ«¬„π ICU §«√¡’Õ–‰√∫â“ß ·≈–∫àÕ¬‡æ’¬ß„¥ ºŸâ‡¢’¬π‰¡à‡ÀÁπ¥â«¬°—∫°“√°”Àπ¥
routine monitoring  ”À√—∫∑ÿ°§π ·µà‡ÀÁπ«à“§«√æ‘®“√≥“„Àâ‡À¡“– ¡‡ªìπ√“¬∫ÿ§§≈‰ª ·µà routine monitoring
‰¥â∂Ÿ°°”Àπ¥¢÷Èπ„π ICU À≈“¬Ê ·Ààß„π À√—∞Õ‡¡√‘°“ ‡™àπ ºŸâªÉ«¬∑ÿ°§πµâÕß‡ΩÑ“√–«—ß NIBP, ECG with HR
alarm, RR (impedance pneumography) with apnea alarm, temperature, ·≈– pulse oximeter ‡©æ“–
™à«ß‡«≈“ (‡™àπ ¢≥–πÕπ À√◊Õ 2 ™—Ë«‚¡ßÀ≈—ßºà“µ—¥) ‡Àµÿ∑’ËµâÕß¡’ routine monitoring °Á‡æ√“–Õ“®¡’°“√øÑÕß√âÕß
‡¡◊ËÕº≈°“√√—°…“‰¡àæ÷ßª√– ß§åÀ√◊ÕºŸâªÉ«¬·≈–≠“µ‘‰¡àæ÷ßæÕ„®·æ∑¬åÀ√◊Õæ¬“∫“≈ ‚¥¬øÑÕß√âÕß«à“‡Àµÿ„¥®÷ß‰¡à‡ΩÑ“
√–«—ß ¿“«–π—Èπ ¿“«–π’È„π‡¡◊ËÕºŸâªÉ«¬¡’‚Õ°“ À—«„®À¬ÿ¥À√◊Õ‡µâπº‘¥®—ßÀ«– À¬ÿ¥À“¬„® §«“¡¥—π‡≈◊Õ¥‡ª≈’Ë¬π·ª≈ß
œ≈œ ‡ªìπµâπ

Monitor ∑’Ë¥’∑’Ë ÿ¥„πÀÕºŸâªÉ«¬Àπ—°À√◊Õ‰¡à«à“∑’Ë„¥°Áµ“¡ §◊Õ §π∑’Ë¡’§«“¡√Ÿâ ¥—ß‰¥â°≈à“«„π‡Õ° “√ ç§«“¡√Ÿâ
æ◊Èπ∞“π‡°’Ë¬«°—∫°“√‡ΩÑ“√–«—ßé ·≈â««à“ °“√¡’‡§√◊ËÕß monitor µàÕÕ¬Ÿà°—∫ºŸâªÉ«¬‰¡à‰¥âÀ¡“¬§«“¡«à“ºŸâªÉ«¬‰¥â√—∫°“√
monitor ‡ ¡Õ‰ª ‡§√◊ËÕß monitor ®–∑”ß“π∫√√≈ÿ‡ªÑ“À¡“¬¢Õß°“√‡ΩÑ“√–«—ß‰¥â°ÁµàÕ‡¡◊ËÕ¡’ºŸâ¥Ÿ·≈‡ªìπ√à«¡Õ¬Ÿà¥â«¬
‡∑à“π—Èπ ·æ∑¬å·≈–æ¬“∫“≈„πÀÕºŸâªÉ«¬Àπ—°®÷ß§«√¡’§«“¡√Ÿâ‡°’Ë¬«°—∫ ‘Ëß∑’Ë®–‡ΩÑ“√–«—ß (‡≈◊Õ°„™â«‘∏’∑’Ë‡À¡“– ¡ ·ª≈º≈
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∂Ÿ°µâÕß µÕ∫ πÕß∂Ÿ°µâÕß) ·≈–‡√’¬π√Ÿâ°“√∫—ß§—∫§«∫§ÿ¡‡§√◊ËÕß·µà≈–‡§√◊ËÕß∑’Ë®–„™â„Àâ§ÿâπ‡§¬‡ ’¬°àÕπ ∫“ß‡§√◊ËÕß
Õ“®µâÕß°“√°“√Õ∫√¡‡ªìπæ‘‡»…®“°∫√‘…—∑ºŸâº≈‘µÀ√◊ÕºŸâ¢“¬

„π à«π¢Õßß“π∫√‘À“√ °“√®—¥À“·≈–°“√∫”√ÿß√—°…“‡§√◊ËÕß monitor ‡ªìπ¿“√°‘®Àπ÷Ëß∑’ËºŸâ∫√‘À“√·≈–ºŸâ„™â
§«√¡’ à«π√à«¡ ‡æ◊ËÕ„Àâ “¡“√∂„™â‡§√◊ËÕß monitor π—Èπ„Àâ‡ªìπª√–‚¬™πå‰¥â‡ªìπ‡«≈“π“π

°“√´◊ÈÕ‡§√◊ËÕßµ‘¥µ“¡ ¿“«–¢ÕßºŸâªÉ«¬ (Monitor)
1. §ÿ≥ ¡∫—µ‘¢Õß‡§√◊ËÕß §«√¡’§ÿ≥ ¡∫—µ‘µà“ßÊ ¢Õß monitor ∑’Ë¥’ ´÷Ëß‰¥â·°à

1.1 ‡∑’Ë¬ßµ√ß (accurate) ·≈–«—¥‰¥â∂Ÿ°µâÕß§ß‡ âπ§ß«“ (reproducible)

1.2 ¡’§«“¡‰«æÕ (sensitive)

1.3 „™âßà“¬ (simple to use)

1.4  ¡√“§“ (cost-effective) ‚¥¬æ‘®“√≥“∑—Èß√“§“‡√‘Ë¡µâπ √“§“™‘Èπ à«π ‘Èπ‡ª≈◊Õß„π°“√„™â ·≈–
√“§“„π°“√∫”√ÿß√—°…“

1.5 ‰¡à∑”„Àâ‡°‘¥¿“«–·∑√°´âÕπ °≈à“«§◊Õ¡’√–∫∫ªÑÕß°—πÕ—πµ√“¬ ‡™àπ ‰ø√—Ë«, Õ—¥§«“¡¥—π Ÿß‡°‘π‰ª

1.6 ª√—∫„Àâ‡À¡“–°—∫ºŸâªÉ«¬·µà≈–√“¬‰¥â (tailored to a specific patient need)

∂â“¡’º≈‘µ¿—≥±åÀ≈“¬∫√‘…—∑°Á§«√æ‘®“√≥“º≈°“√»÷°…“‡ª√’¬∫‡∑’¬∫ ´÷ËßÕ“®¢Õ®“°∫√‘…—∑ºŸâ¢“¬‰¥â  ‘Ëß
∑’ËºŸâ‡¢’¬πÕ¬“°‡µ◊Õπ§◊Õ Õ¬à“‡™◊ËÕ§”Õ«¥Õâ“ß§ÿ≥ ¡∫—µ‘µà“ßÊ ®“°ºŸâ·∑π¢“¬´÷Ëß‰¡à¡’§«“¡√Ÿâ®√‘ß‡°’Ë¬«°—∫‡§√◊ËÕß¡◊Õ∑’Ë¢“¬π—Èπ

2. º≈‘µµ“¡¢âÕ°”Àπ¥§ÿ≥ ¡∫—µ‘¡“µ√∞“π “°≈ ‡™àπ American Society for Testing and Materials
(ASTM), National Fire Protection Association (NFPA), American Association for the Advancement of
Medical Instrumentation (AAMI)

3. ∫√‘…—∑ºŸâº≈‘µ·≈–ºŸâ®—¥®”Àπà“¬ ¡’§«“¡¡—Ëπ§ß‡™◊ËÕ∂◊Õ‰¥â‡æ’¬ß„¥ ‡ªìπºŸâ™”π“≠„π°“√º≈‘µ‡§√◊ËÕß¡◊Õπ—ÈπÊ
À√◊Õ‰¡à ∫√‘°“√À≈—ß°“√¢“¬¥’‡æ’¬ß„¥ ‰¡à§«√æ‘®“√≥“´◊ÈÕ®“°∫√‘…—∑‡©æ“–°‘® ·≈–·¡â«à“∫“ß∫√‘…—∑®–Õâ“ß«à“¡’
∫√‘°“√À≈—ß°“√¢“¬‚¥¬¡“∫√‘°“√„Àâ‡ªìπª√–®” ·µà∫√‘…—∑‰¡à‰¥âæ—≤π“§«“¡ “¡“√∂„π°“√´àÕ¡‡§√◊ËÕß¡◊Õπ—ÈπÊ ‰¥â
‡Õß µâÕß àß‰ª´àÕ¡∑’Ë∫√‘…—∑Õ◊ËπÀ√◊Õµà“ßª√–‡∑»  ·≈–‰¡à¡’‡§√◊ËÕß„Àâ„™â∑¥·∑π„π¢≥–∑”°“√´àÕ¡ °ÁÕ“®‡°‘¥ªí≠À“‰¥â
·≈–À“°‡ªìπ‡§√◊ËÕß∑’Ë®”‡ªìπµâÕßΩñ°Õ∫√¡∫ÿ§≈“°√ºŸâ„™â ∫√‘…—∑ºŸâº≈‘µÀ√◊ÕºŸâ¢“¬§«√ÕÕ°§à“„™â®à“¬„π°“√Ωñ°Õ∫√¡„Àâ¥â«¬

4. °“√∑¥≈Õß„™â„π ∂“π°“√≥å®√‘ß ‰¡à§«√´◊ÈÕ∂â“‰¡à„Àâ∑¥≈Õß„™â„π ∂“π°“√≥å®√‘ß°àÕπ ‡™àπ ECG monitor
Õ“®„™â ‰¥â¥’„π ICU ·µà‡¡◊ËÕπ”¡“„™â„πÀâÕßºà“µ—¥°≈—∫æ∫«à“∂Ÿ°√∫°«π¥â«¬‡§√◊ËÕß®’È ‰øøÑ“ ‡ªìπµâπ „π°√≥’∑’Ë®–´◊ÈÕ
‡§√◊ËÕß„À¡à∑¥·∑π‡§√◊ËÕß‡°à“ µâÕßæ‘®“√≥“«à“®–‡¢â“°—∫ ∂“π°“√≥å∑’Ë„™â°—πÕ¬Ÿà‰¥â‡À¡“– ¡À√◊Õ‰¡à ‡™àπ ¢π“¥
‡À¡“– ¡∑’Ë®–µ—Èß∫π·∑àπ‡¥‘¡À√◊Õ‰¡à ¢âÕµàÕÀ√◊Õ “¬‡§‡∫‘≈µà“ßÊ ®–‡¢â“°—∫‡§√◊ËÕß∑’Ë¡’„™âÊ °—πÕ¬Ÿà„π¢≥–π—ÈπÀ√◊Õ‰¡à
‡ªìπµâπ ∂â“¡’À≈“¬º≈‘µ¿—≥±å§«√∑¥≈Õß„™â‡ª√’¬∫‡∑’¬∫°—π°àÕπ

°“√„™â·≈–°“√∫”√ÿß√—°…“‡§√◊ËÕß Monitor (Uses and maintenance of monitors)
°“√»÷°…“∑—ÈßÀ≈“¬≈â«πæ∫«à“§«“¡√Ÿâ§«“¡ “¡“√∂¢Õß∫ÿ§≈“°√ºŸâ„™â‡§√◊ËÕß‡ªìπªí®®—¬ ”§—≠¡“°µàÕº≈°“√

√—°…“1 ∫ÿ§≈“°√∑’Ë‡°’Ë¬«¢âÕß‰¥â·°à ·æ∑¬å, æ¬“∫“≈, clinical technician (‡™àπ ECG technician, EEG techni-
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cian, vascular technician, respiratory therapist), ·≈– biomedical engineer ‚¥¬µâÕß√à«¡°—π∑”ß“π‡ªìπ∑’¡
µ‘¥µàÕ ◊ËÕ “√ ¢Õ·≈–„Àâ¢âÕ¡Ÿ≈°—π·≈–°—π ·¡â‡®â“Àπâ“∑’Ë∑”§«“¡ –Õ“¥°Á‡°’Ë¬«¢âÕß°—∫º≈°“√√—°…“‰¥â ¥—ß‡Àµÿ°“√≥å®√‘ß
∑’Ë≈ß„πÀπ—ß ◊Õæ‘¡æå„πª√–‡∑» À√—∞Õ‡¡√‘°“ √“¬ß“π«à“„π ICU ¢Õß‚√ßæ¬“∫“≈·ÀàßÀπ÷Ëß®–¡’ºŸâªÉ«¬µ“¬∑ÿ°‡™â“
«—π»ÿ°√åµ‘¥µàÕ°—π‡ªìπ‡«≈“À≈“¬‡¥◊Õπ µâπ‡Àµÿ‡æ√“–æπ—°ß“π∑”§«“¡ –Õ“¥®–¡“¢—¥æ◊Èπ∑ÿ°‡™â“«—π»ÿ°√å ‚¥¬¥÷ß
ª≈—Í°‰ø¢Õß√–∫∫ª√–§Õß™’«‘µ (life support system ´÷Ëß‰¥â·°à monitor, infusion pump, ‡§√◊ËÕß™à«¬À“¬„®
‡ªìπµâπ) ÕÕ° ·≈â«‡ ’¬∫ª≈—Í°‡§√◊ËÕß¢—¥æ◊Èπ·∑π ‡¡◊ËÕ¢—¥‡ √Á®®÷ß‡ ’¬∫ª≈—Í°‰ø¢Õß life support system °≈—∫‡¢â“
¥—ß‡¥‘¡·≈â«‡¥‘πÕÕ°®“°ÀâÕß‰ª‚¥¬‰¡à‰¥â π„®ºŸâªÉ«¬

„π∑“ßªØ‘∫—µ‘„πª√–‡∑»‰∑¬ ¡—°‡ªìπæ¬“∫“≈∑”Àπâ“∑’Ë„™â‡§√◊ËÕß·≈–∫—π∑÷°¢âÕ¡Ÿ≈ √«¡∑—Èßµ—¥ ‘π„®«à“®–µâÕß
√“¬ß“π·æ∑¬åÀ√◊Õ‰¡à À√◊Õ®–µ“¡«‘»«°√°“√·æ∑¬åÀ√◊Õ™à“ß®“°∫√‘…—∑ π—∫‰¥â«à“¡’∫∑∫“∑ ”§—≠¡“°°«à“·æ∑¬å‡ ’¬Õ’°
∫“ß§√—Èß‡¡◊ËÕ√“¬ß“π·≈â«·æ∑¬å‰¡à∑”Õ–‰√ æ¬“∫“≈ºŸâ¡’§«“¡√Ÿâ§«“¡™”π“≠°ÁÕ“®®”‡ªìπµâÕß∑”Õ–‰√∫“ßÕ¬à“ß‡æ◊ËÕ
µÕ∫ πÕßµàÕ°“√‡µ◊Õπ®“°‡§√◊ËÕß monitor ∑’Ë‡°‘¥¢÷Èππ—Èπ ‡æ√“–∑√“∫«à“∂â“∑‘Èß‰«â„π ¿“æπ—ÈπºŸâªÉ«¬®–µâÕß‡ ’¬™’«‘µ
·πàπÕπ ´÷Ëß°Á‡ ’Ë¬ßµàÕ°“√∂Ÿ°À“«à“°â“«°à“¬  Ÿà√Ÿâ À√◊Õ‡ªìπ‡Àµÿ„ÀâºŸâªÉ«¬µ“¬ ºŸâ‡¢’¬π®–‰¡à°≈à“«∂÷ß«à“æ¬“∫“≈§«√∑”
Õ¬à“ß‰√„π ∂“π°“√≥å‡™àππ’È ¢Õ„Àâæ¬“∫“≈·µà≈–∑à“πæ‘®“√≥“‡ªìπ°√≥’‡ªìπ∫ÿ§§≈‰ª ·µà®–‡ πÕ«à“∑“ß∑’Ë¥’„π°“√‡ΩÑ“
√–«—ßºŸâªÉ«¬§◊Õ §«√¡’ action plan  ”À√—∫ alarm µà“ßÊ ∑’Ë¥—ß‡µ◊Õπ¢÷Èπ ‚¥¬√à«¡°—∫·æ∑¬å√à“ß action plan ¢÷Èπ
„™â„π ICU ¢Õßµπ «à“ºŸâæ∫‡ÀÁπ®–µâÕß∑”Õ–‰√°àÕπÀ≈—ßÕ¬à“ß‰√∫â“ß ‚¥¬¡’À≈—°∑—Ë«‰ª§◊ÕµâÕßµ√«® Õ∫§«“¡ª≈Õ¥¿—¬
¢ÕßºŸâªÉ«¬°àÕπ ·≈â«®÷ßµÕ∫ πÕßµàÕ§à“ alarm ·µà≈–™π‘¥µ“¡§«“¡‡À¡“– ¡µàÕ‰ª ‡™àπ ‡¡◊ËÕæ∫ ECG alarm
·≈–‡ÀÁπ‡ªìπ‡ âπµ√ß ∂â“µ√«®¥Ÿ«à“ºŸâªÉ«¬‰¡à√Ÿâ ÷°µ—« „Àâ§≈” carotid pulse ∂â“§≈”‰¡à‰¥â„Àâ∑” CPR ·∑π∑’Ë®–
µ√«®¥Ÿ«à“ electrode ™‘Èπ„¥À≈ÿ¥ À√◊Õ “¬‡§‡∫‘≈∑’ËµàÕ‰ª¬—ß‡§√◊ËÕß “¬„¥À≈ÿ¥ À√◊Õ‡¡◊ËÕ„™â automated NIBP °—∫
ºŸâªÉ«¬∑’ËÀπ“« —Ëπ (shivering) ·≈–æ∫«à“ NIBP alarm ·≈–‰¡à√“¬ß“π§à“ °Á§«√«—¥‡Õß¥â«¬«‘∏’ auscultation À√◊Õ
palpation °Á®–∑√“∫«à“§«“¡¥—π‡≈◊Õ¥µ°À√◊Õ‰¡à ·∑π∑’Ë®–ªî¥‡§√◊ËÕß‰ª°àÕπ·≈â«√ÕÕÿàπ„ÀâºŸâªÉ«¬Õÿàπ¢÷Èπ·≈–À“¬ —Ëπ
°àÕπ®÷ß«—¥„À¡à‰¥â ‡ªìπµâπ

°“√‡√’¬π√Ÿâ«‘∏’ª√—∫µ—Èß‡§√◊ËÕß monitor ·≈–°“√∫”√ÿß√—°…“¢≥–„™âµ“¡§Ÿà¡◊ÕºŸâ„™â‡§√◊ËÕß∑’Ë¡“æ√âÕ¡°—∫‡§√◊ËÕß
‡ªìπÕ’°¿“√°‘®Àπ÷Ëß∑’Ëæ¬“∫“≈ºŸâ¥Ÿ·≈ºŸâªÉ«¬µ≈Õ¥‡«≈“µâÕß∑”‰¥â √«¡∂÷ß∑”§«“¡ –Õ“¥·≈–‡°Á∫À≈—ß°“√„™â·µà≈–√“¬

°“√∫”√ÿß√—°…“‡§√◊ËÕß monitor ·∫∫ preventive maintenance ‚¥¬™à“ß‡§√◊ËÕß¡◊Õ·æ∑¬å‡ªìπ ‘Ëß®”‡ªìπ
µâÕß¡’ ºŸâ∫√‘À“√§«√‡ÀÁπ§«“¡ ”§—≠·≈–®—¥ß∫ª√–¡“≥„Àâ ∂â“™à“ß¢Õß‚√ßæ¬“∫“≈‰¡à “¡“√∂„Àâ∫√‘°“√‰¥â Õ“®µâÕß
µ‘¥µàÕ´◊ÈÕ∫√‘°“√®“°∫√‘…—∑∑’Ë¢“¬‡§√◊ËÕßÀ√◊Õ∫√‘…—∑∑’Ë√—∫ß“π∫”√ÿß√—°…“‡§√◊ËÕß¡◊Õ·æ∑¬å‚¥¬‡©æ“–

°“√„™â‡§√◊ËÕßµ‘¥µ“¡ ¿“«–¢ÕßºŸâªÉ«¬„πÀÕºŸâªÉ«¬Àπ—°
°“√„™â‡§√◊ËÕßµ‘¥µ“¡ ¿“«–¢Õß√–∫∫À—«„®·≈–À≈Õ¥‡≈◊Õ¥ (Cardiovascular Monitoring)

√–∫∫À—«„®·≈–À≈Õ¥‡≈◊Õ¥ À√◊Õ√–∫∫‰À≈‡«’¬π‡≈◊Õ¥ ∑”Àπâ“∑’Ë àß‡≈◊Õ¥‰ª‡≈’È¬ßÕ«—¬«–µà“ßÊ ¢Õß√à“ß°“¬
‚¥¬À—«„®‡ªìπ‡§√◊ËÕß Ÿ∫©’¥‡≈◊Õ¥„Àâ ‰À≈µ“¡À≈Õ¥‡≈◊Õ¥‰ª‡≈’È¬ßÕ«—¬«–µà“ßÊ ´÷Ëß°“√‰À≈¢Õß‡≈◊Õ¥°Á‡ªìπ‰ªµ“¡
À≈—°øî ‘° å∏√√¡¥“ §◊Õ °“√‰À≈¢Õß¢Õß‰À≈®–‡°‘¥¢÷Èπ‰¥âµâÕß¡’·√ß¥—π¡“°æÕ∑’Ë®–‡Õ“™π–§«“¡µâ“π∑“π°“√‰À≈
(À√◊Õ flow = pressure gradient/resistance)  ”À√—∫°“√‰À≈‡«’¬π‡≈◊Õ¥ ·√ß¥—π°ÁÕπÿ‚≈¡«à“§◊Õ§«“¡¥—π„π
À≈Õ¥‡≈◊Õ¥·¥ß (arterial blood pressure) ∂â“§«“¡¥—π„πÀ≈Õ¥‡≈◊Õ¥·¥ßµË”°«à“§à“·√ß¥—π«‘°ƒµ (critical per-
fusion pressure) °Á®–‰¡à¡’°“√‰À≈‡«’¬π‡≈◊Õ¥‡°‘¥¢÷Èπ„πÀ≈Õ¥‡≈◊Õ¥¢ÕßÕ«—¬«–π—ÈπÊ ‚¥¬∑—Ë«‰ª∂◊Õ«à“µâÕß‰¥â mean
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arterial pressure ¡“°°«à“ 60-70 ¡¡. ª√Õ∑ ®÷ß®–‡æ’¬ßæÕ µ√“∫„¥∑’Ë§«“¡¥—π‡≈◊Õ¥·¥ß Ÿß°«à“ critical perfu-
sion pressure À¡“¬§«“¡«à“¡’‡≈◊Õ¥‰À≈‰¥â‡∑à“π—Èπ ·µà‰¡à‰¥â∫àß™’È«à“ª√‘¡“≥‡≈◊Õ¥‰À≈‡«’¬π (blood flow) ¡“°
πâÕ¬‡æ’¬ß„¥ ¥—ßπ—ÈπÕ“®æ∫«à“ BP  Ÿß¡“° ·µà blood flow ‰¡à‡æ’¬ßæÕ°Á‡ªìπ‰¥â Õ¬à“ß‰√°Áµ“¡°“√ª≈àÕ¬„Àâ 
§«“¡¥—π‡≈◊Õ¥·¥ß Ÿß¢÷Èπ¡“°·≈–‡√Á«‡°‘π‰ªÕ“®‡°‘¥Õ—πµ√“¬§◊ÕÀ≈Õ¥‡≈◊Õ¥·¥ß·µ°‰¥â À√◊ÕÀ—«„®‰¡à “¡“√∂∑”ß“π
 Ÿâ°—∫§«“¡µâ“π∑“π∑’Ë Ÿß¡“° ∑”„Àâ‡°‘¥¿“«–À—«„®«“¬À√◊ÕÀ—«„®≈â¡‡À≈« (heart failure) ‰¥â 

À—«„® Ÿ∫©’¥‡≈◊Õ¥‡ªìπ§√—ÈßÊ ª√‘¡“≥‡≈◊Õ¥∑’Ë Ÿ∫©’¥ÕÕ°‰ª·µà≈–§√—Èß‡√’¬° stroke volume (SV) ‡¡◊ËÕ§Ÿ≥ 
°—∫Õ—µ√“°“√‡µâπ¢ÕßÀ—«„® (heart rate: HR) °Á®–‡ªìπª√‘¡“≥‡≈◊Õ¥∑—ÈßÀ¡¥∑’ËÀ—«„® Ÿ∫©’¥ÕÕ°‰ª„π 1 π“∑’ (car-
diac output: CO) ´÷Ëß‡ªìπª√‘¡“≥‡≈◊Õ¥∑’Ë®–·∫àß‰ª‡≈’È¬ß∑ÿ°Õ«—¬«–¢Õß√à“ß°“¬ ‚¥¬‡≈◊Õ¥®–∂Ÿ°·∫àß (distribu-
tion) ‰ª‡≈’È¬ßÕ«—¬«–„¥¡“°À√◊ÕπâÕ¬¢÷Èπ°—∫§«“¡µâ“π∑“πÀ≈Õ¥‡≈◊Õ¥¢Õß·µà≈–Õ«—¬«– (regional vascular resis-
tance) ¥—ßπ—Èπ°“√∑’Ë·µà≈–Õ«—¬«–®–‰¥â√—∫‡≈◊Õ¥¡“‡≈’È¬ß‡æ’¬ßæÕ®÷ß¢÷Èπ°—∫ cardiac output ∑’Ë‡æ’¬ßæÕ ·≈– distri-

È¬ß‰¡à‡æ’¬ßæÕ (inadequate tissue perfusion À√◊Õ shock) ’ËÕ«—¬«–„¥®–‰¥â√—∫‡≈◊Õ¥‰ª‡≈’
È¬ßÕ«—¬«–µà“ßÊ º‘¥ª°µ’°ÁÕ“®‡°‘¥®“° cardiac output ‰¡à‡æ’¬ßæÕ À√◊Õ°“√°√–®“¬¢Õß‡≈◊Õ¥‰ª‡≈

bution ‡ªìπª°µ‘ ·≈–°“√∑
‘ (maldistribution) 

°“√∑”ß“π¢ÕßÀ—«„® ‡√‘Ë¡¥â«¬¡’§≈◊Ëπ‰øøÑ“À—«„®∑’Ë§Õ¬°”Àπ¥®—ßÀ«–·≈–§«“¡ —¡æ—π∏å¢Õß°“√∫’∫µ—«¢Õß
À—«„®ÀâÕß∫π·≈–ÀâÕß≈à“ß §≈◊Ëπ‰øøÑ“À—«„®®–∂Ÿ°‡ª≈’Ë¬π‡ªìπ°“√À¥µ—«¢Õß°≈â“¡‡π◊ÈÕÀ—«„®‡æ◊ËÕ Ÿ∫©’¥‡≈◊Õ¥ÕÕ°‰ª‰¥â
§«“¡·√ß¢Õß°“√∫’∫µ—«‡√’¬° contractility À√◊Õ inotropic state ª√‘¡“≥‡≈◊Õ¥„πÀâÕßÀ—«„®°àÕπ∫’∫µ—« (end-
diastolic volume) ‡ªìπ ‘Ëß°”Àπ¥§«“¡¬“«°àÕπÀ¥µ—«¢Õß myofibril ÷́Ëß‡√’¬°«à“ preload ∂â“ preload ‡À¡“– ¡
(optimum) À—«„®®–∫’∫µ—«‰¥â·√ß∑’Ë ÿ¥ ·µà∂â“ preload πâÕ¬À√◊Õ¡“°‡°‘π‰ª §«“¡·√ß¢Õß°“√∫’∫µ—«®–≈¥≈ß
 à«π·√ßµâ“π∑“π°“√‰À≈∑’Ë‡°‘¥¢≥–°≈â“¡‡π◊ÈÕÀ—«„®∫’∫µ—«·≈â«‡√’¬°«à“ afterload À—«„® “¡“√∂‡æ‘Ë¡·√ß∫’∫µ—« Ÿâ°—∫
afterload ∑’Ë Ÿß¢÷Èπ‰¥â√–¥—∫Àπ÷Ëß À≈—ß®“°∑’Ë Ÿâ ‰¡à‰À«·≈â« ∂â“ afterlaod ‡æ‘Ë¡¢÷Èπ stroke volume ·≈– cardiac 
output ®–≈¥≈ß 

∂â“„Àâ‡´≈≈å°≈â“¡‡π◊ÈÕÀ—«„®∑”ß“π¡“°¢÷Èπ °Á®–„™âÕÕ° ‘́‡®π‡æ‘Ë¡¢÷Èπ¥â«¬ ∂â“ª≈àÕ¬„ÀâÀ—«„®∑”ß“π¡“°Ê ·¡â
ÈÕÀ—«„® à«π„π‰¥â (subendocardial ischemia) ◊‚√§À≈Õ¥‡≈◊Õ¥À—«„® °ÁÕ“®‡°‘¥°“√¢“¥‡≈◊Õ¥¢Õß°≈â“¡‡π’Ë

‡π◊ËÕß®“°§«“¡‰¡à ¡¥ÿ≈√–À«à“ß°“√„™âÕÕ°´‘‡®π (myocardial oxygen demand) ·≈–ª√‘¡“≥ÕÕ°´‘‡®π∑’Ë‰¥â√—∫ 
(myocardial oxygen supply) º≈§◊Õ Õ“®‡°‘¥§«“¡º‘¥ª°µ‘¢Õß§≈◊Ëπ‰øøÑ“À—«„®·≈–°“√∫’∫µ—«¢ÕßÀ—«„®  à«π
ºŸâªÉ«¬∑’Ë‡ªìπ‚√§À≈Õ¥‡≈◊Õ¥À—«„® ®–‡°‘¥¿“«–°≈â“¡‡π◊ÈÕÀ—«„®¢“¥‡≈◊Õ¥ (myocardial ischemia) À√◊Õ°≈â“¡‡π◊ÈÕ
À—«„®µ“¬ (myocardial infarction) ‰¥âßà“¬¢÷Èπ 

„π§π∑‰¡¡à ’

®“°§«“¡√
§à“µà“ßÊ ¥—ßπ’È 

’Ë°≈à“«¡“π’Èπ∞“π∑◊æŸâ È ∑”„Àâ∑√“∫«à“°“√µ‘¥µ“¡ ¿“«–¢Õß√–∫∫À—«„®·≈–À≈Õ¥‡≈◊Õ¥ µâÕßµ‘¥µ“¡ 

1. §«“¡¥—π„πÀ≈Õ¥‡≈◊Õ¥·¥ß (arterial blood pressure monitoring) ´÷Ëß∑”‰¥â 2 «‘∏’ §◊Õ 

1.1 Non-invasive À√◊Õ indirect BP monitoring 

1.2 Invasive À√◊Õ direct BP monitoring 

2. °“√∑”ß“π¢ÕßÀ—«„®„π∞“π–‡§√◊ËÕß Ÿ∫ (the heart as a pump) ‚¥¬æ‘®“√≥“®“° 

2.1 Heart rate (HR) & rhythm HR µË” (¡—°µË”°«à“ 50/min) ‡¡◊ËÕ§Ÿ≥°—∫ SV °Á®–‰¥â CO µË” ·µà 
À—«„® — Ë‡≈◊Õ¥‰ª‡≈’ ÈÕÀ—«„® —HR ∑’Ë Ÿß‡°‘π‰ª ∑”„Àâ‡«≈“∑’Ë„Àâ‡≈◊Õ¥‰À≈‡¢â“ Ÿà Èπ ·≈–‡«≈“∑’ È¬ß‡´≈≈å°≈â“¡‡π◊ Èπ∑”„Àâ 
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°“√∫’∫µ—«≈¥πâÕ¬≈ß º≈§◊Õ CO µË”≈ß ¥—ßπ—Èπ„π§πÀπ÷ËßÊ ®÷ß¡’™à«ß¢Õß HR ™à«ßÀπ÷Ëß∑’Ë®–∑”„Àâ CO  Ÿß ÿ¥ ‡√’¬°«à“
optimal HR HR „π™à«ß∑’ËµË”°«à“À√◊Õ Ÿß°«à“ optimal HR ≈â«π∑”„Àâ CO µË”≈ß∑—Èß ‘Èπ optimal HR „πºŸâ„À≠à 
Õ¬Ÿà„π™à«ß 120-140/min ·µà„π‡¥Á°Õ“® Ÿß∂÷ß 180-200/min ‰¥â  à«π®—ßÀ«–°“√‡µâπ¢ÕßÀ—«„®π—Èπ ∂â“‡ªìπ·∫∫ 
sinus rhythm ®–∑”„Àâ ‰¥â CO ‡µÁ¡∑’Ë ·µà∂â“‡ªìπ®—ßÀ«–∑’Ë‰¡à¡’ atrial contraction ‡™àπ AF, SVT, VT °Á®–‰¥â CO 
≈¥≈ß §«√·°â„Àâ‡ªìπ sinus rhythm  ”À√—∫ AF ∑’Ë‡ªìπ¡“π“π‰¡à·π–π”„Àâ·°â‡æ√“–‡ ’Ë¬ßµàÕ emboli ®“°≈‘Ë¡‡≈◊Õ¥ 
„πÀ—«„®ÀâÕß∫π∂Ÿ°∫’∫„Àâ°√–®“¬‰ªµ“¡°√–· ‡≈◊Õ¥ π‘¬¡§«∫§ÿ¡ ventricular response ‰«â ‰¡à„Àâ‡°‘π 100/min 

°“√µ‘¥µ“¡Õ—µ√“·≈–®—ßÀ«–°“√‡µâπ¢ÕßÀ—«„® ∑”‰¥â‚¥¬ ECG, §≈” pulse, ¥Ÿ®“° waveform 
¢Õß arterial line À√◊Õ pulse oximeter 

2.2 Preload À√◊Õ end-diastolic volume (EDV) ª√–‡¡‘π‚¥¬«—¥¢π“¥ÀâÕßÀ—«„®®“°∑’Ë‡ÀÁπ„π echo-
cardiogram À√◊Õ cine angiography À√◊Õ„™â end diastolic pressure (EDP) ·∑π EDV „π°√≥’∑’Ë∑√“∫
compliance ¢Õß ventricle ·µà°“√„ à “¬‡¢â“‰ª«—¥ EDP °Á¬—ß∑”‰¥â¬“° ®÷ßπ‘¬¡„™â filling pressure (FP) „π
°“√∫àß preload ·∑π EDP À√◊Õ EDV ‚¥¬„™â pulmonary capillary wedge pressure (PCWP) ‡æ◊ËÕ∫àß 
preload ¢Õß left ventricle (LV) ·≈–„™â central venous pressure (CVP) ‡æ◊ËÕ∫àß preload ¢Õß right 
ventricle (RV) ·µàµâÕß§”π÷ß∂÷ßªí®®—¬À≈“¬Õ¬à“ß∑’Ë¡’Õ‘∑∏‘æ≈µàÕ CVP À√◊Õ PCWP 

2.3 Contractility §◊Õ §«“¡·√ß¢Õß°“√∫’∫µ—«¢Õß°≈â“¡‡π◊ÈÕÀ—«„® µ“¡ª°µ‘‡¡◊ËÕ√à“ß°“¬µâÕß°“√ CO
‡æ‘Ë¡¢÷Èπ®–¡’°“√‡æ‘Ë¡ sympathetic tone ‡æ◊ËÕ‡æ‘Ë¡ contractility ·≈–·¡â sympathetic stimulation ¢Õß√à“ß°“¬
®– Ÿß ÿ¥·≈â«°Á¬—ßæ∫«à“ “¡“√∂‡æ‘Ë¡ contractility ¢ÕßÀ—«„®„Àâ Ÿß¢÷Èπ‰¥âÕ’°‚¥¬„™â exogenous positive inotro-
pic drug  à«π¿“«–∑’Ë¡’°“√°¥ contractility ¢ÕßÀ—«„®‰¥â·°à sympathetic blockade, parasympathetic stimu-
lation, myocardial ischemia/infarction, hypoxemia, severe acid-base disturbance, negative inotropic
drug, electrolyte imbalance, myocardial disease µà“ßÊ, sepsis √«¡∑—Èß¿“«–∑’ËÀ—«„®‰¡à‡§¬∂Ÿ°Ωñ°ÕÕ°°”≈—ß
„Àâ·¢Áß·√ß ‡™àπ„πºŸâªÉ«¬ bed ridden À√◊Õ chronic debilitating illness 

°“√ª√–‡¡‘π contractility ∑”‰¥â‚¥¬À“§«“¡·√ß¢Õß°“√À¥µ—«µàÕÀπà«¬‡«≈“ (dP/dt), Õ—µ√“‡√Á«
¢Õß°“√À¥µ—«, ejection fraction, À√◊Õ slope ¢Õß end-systolic pressure-volume relationship (ESPVR) 

Ëß≈â«π„™÷‰¥â®“°°“√‡¢’¬π°√“ø√–À«à“ß ventricular pressure ·≈– ventricular volume ’Ëline ∑ ´ â‰¡à‰¥â„π∑“ßªØ‘∫—µ‘

2.4 Afterload ¿“«–∑’Ë afterload  Ÿß‰¥â·°à increased systemic vascular resistance, valvular 
disease ‡™àπ aortic stenosis, increased blood viscosity °“√ª√–‡¡‘π afterload ∑”‰¥â‚¥¬„ à PA catheter 
À“ CO ·≈â«π”¡“§”π«≥ SVR 

2.5 Cardiac output ¥—ß®–‰¥â°≈à“«µàÕ‰ª 

2.6 °“√¥Ÿ°“√∑”ß“π¢ÕßÀ—«„®‚¥¬„™â§≈◊Ëπ‡ ’¬ß (echocardiography) ¥—ß®–‰¥â°≈à“«µàÕ‰ª 

2.7 Õ“°“√· ¥ß¢Õß¿“«–À—«„®≈â¡‡À≈« (heart failure): S3, S4 gallop, pulmonary edema 

3. ¿“«–¥ÿ≈ÕÕ°´‘‡®π¢Õß°≈â“¡‡π◊ÈÕÀ—«„® (myocardial oxygen balance) ª√–‡¡‘π demand, supply,
·≈– demand/supply balance ¥—ß°≈à“«·≈â«„π∫∑ ç§«“¡√Ÿâæ◊Èπ∞“π‡°’Ë¬«°—∫°“√‡ΩÑ“√–«—ßé √«¡∂÷ß°“√À“§à“ CK-
MB, LDH I/IV ratio ‡ªìπ√–¬–‡æ◊ËÕª√–‡¡‘π«à“¡’°“√µ“¬¢Õß°≈â“¡‡π◊ÈÕÀ—«„®¡“°πâÕ¬‡æ’¬ß„¥ 

4. §«“¡‡æ’¬ßæÕ¢Õßª√‘¡“≥‡≈◊Õ¥‰À≈‡«’¬π∑’Ë‰ª¬—ß·µà≈–Õ«—¬«– (tissue perfusion) °“√«‘π‘®©—¬¿“«– 
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shock À√◊Õ inadequate tissue perfusion Õ“»—¬À≈—°∞“πµàÕ‰ªπ’È§◊Õ 

4.1 Hemodynamic evidence: SBP µË”°«à“‡¥‘¡¡“°°«à“ 30% À√◊ÕµË”°«à“ 80 mm Hg, capillary 
filling time > 3-5 «‘π“∑’ 

4.2 Clinicals of impaired organ function 

- Skin: cool, clammy, cyanosis, core-skin temp. diff > 2 C 

- Kidney: urine < 30 mL/hr, Usp.gr. >1018, Uosm >500 mOsm/L, UNa <20 mEq/L 

- Lung: V/Q abnormality → hypoxemia 

- Brain: impaired mentation, consciousness 

- Heart: ischemic change, arrhythmia, pump failure 

4.3 Biochemical evidence: lactic acidosis, gastric intramucosal pH 

 √ÿª monitor ∑’Ë„™â∫àÕ¬‰¥â·°à ECG ‡æ◊ËÕµ‘¥µ“¡ heart rate & rhythm ·≈– ischemia, NIBP À√◊Õ IBP, 
CVP, PA catheter (PCWP, CO, SVR), echocardiography, cardiac output monitoring 

‡§√◊ËÕßµ‘¥µ“¡§≈◊Ëπ‰øøÑ“À—«„® (ECG Monitor)

ª√–‚¬™πå¢Õß ECG monitoring ‰¥â·°à 

1. µ‘¥µ“¡ Õ—µ√“ (heart rate) ·≈–®—ßÀ«–°“√‡µâπ (rhythm) ¢ÕßÀ—«„®µàÕ‡π◊ËÕßµ≈Õ¥‡«≈“ ‡æ◊ËÕ§âπæ∫
§«“¡º‘¥ª°µ‘¢ÕßÕ—µ√“·≈–®—ßÀ«–°“√‡µâπ¢ÕßÀ—«„® 

2. «‘π‘®©—¬¿“«– myocardial ischemia À√◊Õ myocardial injury ∑’ËÕ“®‡°‘¥¢÷Èπ ‚¥¬ ST segment 
monitoring 

°“√«‘‡§√“–Àå§≈◊Ëπ‰øøÑ“À—«„® 12 lead ®–∑”„Àâ ‰¥â¢âÕ¡Ÿ≈‡°’Ë¬«°—∫À—«„®§√∫∂â«π ·µàµâÕß„™â electrode ∂÷ß
10 ™‘Èπ §◊Õ ·¢π¢“√«¡ 4 ™‘Èπ ·≈–∫√‘‡«≥‡Àπ◊ÕÀ—«„® (precordium) ∑’Ëµ”·Àπàß V1-V6 Õ’° 6 ™‘Èπ ´÷Ëß‰¡à
 –¥«° ”À√—∫°“√ monitor µàÕ‡π◊ËÕß ECG monitor ∑’Ë„™â„πªí®®ÿ∫—π¡—°¡’ 3 electrode À√◊Õ 5 electrode ·≈–
· ¥ß‰¥â§√—Èß≈– 1-2 lead ‡∑à“π—Èπ „π∫“ß°√≥’®”‡ªìπµâÕß monitor 12 lead æ√âÕ¡°—π ‡™àπ °“√«‘π‘®©—¬ post-
PTCA reocclusion ®“°¿“«– myocardial ischemia ∑”‰¥â‚¥¬„™â electrode 8 ™‘Èπ (Frank method) À√◊Õ 5
™‘Èπ (EASI Method) °“√µ‘¥ electrode ¡’À≈—°°“√§◊Õ §«√µ‘¥∫π∫√‘‡«≥∑’Ë‡ªìπ°√–¥Ÿ° °“√µ‘¥∫π°≈â“¡‡π◊ÈÕÕ“®
∂Ÿ°√∫°«π‚¥¬§≈◊Ëπ‰øøÑ“¢Õß°≈â“¡‡π◊ÈÕ, ‰¡à§«√√∫°«πµàÕ°“√øíß breath sound, ‰¡à§«√√∫°«π chest X-ray-

„π°√≥’∑’ËµâÕß monitor 12 lead ´÷ËßµâÕß„™â electrode 5 À√◊Õ 8 À√◊Õ 10 ™‘Èπ Õ“®µâÕß„™â electrode ·≈– “¬
‡§‡∫‘≈∑’Ë‰¡à‡ÀÁπ„π¿“æ‡Õ°´‡√¬å, ‰¡àµ‘¥∫√‘‡«≥∑’Ë®–ºà“µ—¥À√◊Õ∑”À—µ∂°“√, ‰¡à√∫°«π°“√∑” defibrillation 

°“√µ‘¥µ“¡§«“¡¥—π‡≈◊Õ¥·¥ß‚¥¬«—¥∑“ßÕâÕ¡ (Indirect or Non-invasive BP Monitoring) 

«‘∏’°“√«—¥§«“¡¥—π‡≈◊Õ¥·¥ß∑“ßÕâÕ¡ 

1. Scipione-Riva-Rocci method ‚¥¬„™â cuff æ—π¿“¬πÕ° ‡¡◊ËÕ inflate cuff ®π§«“¡¥—π Ÿß°«à“ 
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§«“¡¥—π„πÀ≈Õ¥‡≈◊Õ¥ À≈Õ¥‡≈◊Õ¥®–∂Ÿ°°¥„Àâ·∫π®π‰¡à¡’‡≈◊Õ¥‰À≈ºà“π ‡¡◊ËÕ§àÕ¬Ê ≈¥§«“¡¥—π„π cuff ®π 
µË”°«à“ systolic pressure ®–¡’‡≈◊Õ¥‰À≈ºà“π‰¥â ‚¥¬¡’«‘∏’ 

1.1 §≈”™’æ®√ ¡—°§≈”‰¥â‡©æ“– SBP 

1.2 „™â stethoscope øíß Korotkoffûs sound ´÷Ëß‡ªìπ low pitch ®÷ß§«√„™â bell øíß ·µà‡π◊ËÕß®“° 
§«“¡‚§âß‡«â“¢Õß·¢π ∂â“„™â bell ¡—° contact ‰¡à¥’ ®÷ß¡’ºŸâπ‘¬¡„™â diaphragm 

1.3 Oscillometric method ‰¥â·°à∑’Ëæ∫„π automated NIBP monitor ∑—ÈßÀ≈“¬ ‡¡◊ËÕ‡≈◊Õ¥‰À≈ ®–
∑”„Àâºπ—ßÀ≈Õ¥‡≈◊Õ¥ —Ëπ (oscillation) ´÷Ëß°“√ —Ëπ®–∂Ÿ° àßºà“π¡“¬—ß cuff ∑”„Àâ ‰¥â§à“ SBP °“√ —Ëπ Ÿß ÿ¥®–‡°‘¥ 
¢÷Èπ∑’Ë mean arterial pressure  à«π DBP ®–‡ªìπ®ÿ¥∑’Ë°“√ —Ëπ≈¥≈ß„π∑—π∑’∑—π„¥ 

1.4 Doppler method „™â doppler «“ß∫πÀ≈Õ¥‡≈◊Õ¥·¥ß à«πª≈“¬ ‡æ◊ËÕøíß‡ ’¬ß‡≈◊Õ¥‰À≈ SBP
®–‰¥â¬‘π™—¥ ·µà DBP Õ“»—¬°“√‡ª≈’Ë¬π≈—°…≥–‡ ’¬ß ´÷ËßÕ“®øíß‰¥â¬“° 

¢âÕº‘¥æ≈“¥∑’Ëæ∫∫àÕ¬§◊Õ ‡≈◊Õ°¢π“¥ cuff ‰¡à∂Ÿ°µâÕß ‡¢â“„®«à“§«“¡°«â“ß¢Õß cuff §«√‡ªìπ 2/3 
¢Õß§«“¡¬“«µâπ·¢π ́ ÷Ëß‰¡à∂Ÿ°µâÕß ‡æ√“–§«“¡°«â“ß¢Õß cuff ‰¡à‡°’Ë¬«°—∫§«“¡¬“«¢ÕßÕ«—¬«–∑’Ë®–æ—π cuff ‡≈¬ 
·µà‡°’Ë¬«°—∫‡ âπºà“»Ÿπ¬å°≈“ßÀ√◊Õ‡ âπ√Õ∫«ß¢ÕßÕ«—¬«–π—Èπ ‚¥¬„Àâ°«â“ß°«à“‡ âπºà“»Ÿπ¬å°≈“ßµâπ·¢πÀ√◊Õµâπ¢“ 20-
40% À√◊Õ§‘¥‡∑’¬∫°—∫‡ âπ√Õ∫«ß°Á®–‰¥âª√–¡“≥ 40% ¢Õß‡ âπ√Õ∫«ß·¢π ∑’Ë∑”¢“¬°—π¡’¢π“¥ 12 cm 
 ”À√—∫µâπ·¢π ·≈– 18 cm  ”À√—∫µâπ¢“ „π§πÕâ«π∂â“„™â cuff ¢π“¥ª°µ‘Õ“®«—¥§«“¡¥—π‡≈◊Õ¥·¥ß‰¥â Ÿß°«à“ 
§«“¡‡ªìπ®√‘ß ∂â“À“ cuff ∑’Ë°«â“ß 40% ¢Õß arm circumference ‰¥â°Á‰¡à¡’ªí≠À“ Õ“®µâÕß„™â cuff ¢“æ—π∑’Ë·¢π 
·µà∂â“À“‰¡à‰¥â Õ“®·°âªí≠À“‚¥¬„™â cuff  ”À√—∫µâπ·¢π∑’Ë¡’Õ¬Ÿàæ—π∑’Ëª≈“¬·¢π (forearm) ·∑π ·≈â«øíß Korotkoff 
sound ∑’Ë radial artery  à«π§«“¡¬“«¢Õß∂ÿß≈¡ cuff §«√æ—π‰¥â√Õ∫·¢πÀ√◊Õ¢“ Õ¬à“ßπâÕ¬µâÕß¡“°°«à“ 50% 
¢Õß‡ âπ√Õ∫«ß ·≈–æ—π‚¥¬«“ß°÷Ëß°≈“ß cuff ∫π∫√‘‡«≥À≈Õ¥‡≈◊Õ¥·¥ß∑’Ë®–«—¥ 

¢âÕº‘¥æ≈“¥Õ’°ª√–°“√Àπ÷Ëß¢Õß°“√«—¥‚¥¬«‘∏’π’È§◊Õ „™â„π¿“«–∑’Ë§«√„™â direct BP monitoring 
‡æ√“–¿“«–‡À≈à“π’È ‰¡à “¡“√∂«—¥ BP ‰¥â‚¥¬«‘∏’ indirect ‰¥â·°à 

1. Severe hypotension ‡π◊ËÕß®“° flow πâÕ¬‡°‘π°«à“∑’Ë®–∑”„Àâ‡°‘¥ turbulent flow „Àâµ√«®
æ∫‰¥â ´÷Ëß§à“ BP µË” ÿ¥∑’Ë®–«—¥‰¥â ¢÷Èπ°—∫«‘∏’µ√«®À“ turbulent flow ¥â«¬ 

2. Severe vasoconstriction ‡π◊ËÕß®“°ºπ—ßÀ≈Õ¥‡≈◊Õ¥·¥ß∑’ËÀ¥µ—«Õ¬à“ß¡“° ®–∑”„ÀâÀ≈Õ¥ 
‡≈◊Õ¥·¥ß¡’ ¿“æ‡À¡◊Õπ∑àÕπÈ”∑’Ë¡’ºπ—ß·¢Áß (leadpipe) ‰¡à “¡“√∂∂Ÿ°°¥„Àâ·ø∫≈ß‰¥â ®÷ß‰¡à “¡“√∂ª√–‡¡‘π 

‰¥â·°à pheochromocytoma À√◊Õ cate-’ÈË°¥¿“¬πÕ°À≈Õ¥‡≈◊Õ¥‰¥’·√ß¥—π¿“¬„πÀ≈Õ¥‡≈◊Õ¥®“°§à“·√ß¥—π∑ â¿“«–π
cholamine shock ´÷Ëß¡’ vasoconstriction √ÿπ·√ß¡“° ¡◊Õ®–¢“« ´’¥ ‡¬Áπ §≈” peripheral pulse ‰¡à‰¥â «—¥ 
indirect BP ‰¡à‰¥â ·µà∂â“¡’ intra-arterial pressure monitoring Õ¬Ÿà ®–æ∫«à“ mean arterial pressure Õ“® Ÿß 
∂÷ß°«à“ 200 mm Hg ‰¥â 

ËÕßªÕ¥-À—«„®‡∑’¬¡ (cardio-◊Ë‡°‘¥®“°‡§√’Ëß‰¥â·°à°“√‰À≈‡«’¬π‡≈◊Õ¥∑÷Non-pulsatile blood flow ́3. 
pulmonary bypass) ‡π◊ËÕß®“°‡≈◊Õ¥‰À≈µàÕ‡π◊ËÕß ¡Ë”‡ ¡Õµ≈Õ¥ ‰¡à¡’≈—°…≥–‡ªìπ™à«ßÊ ‡À¡◊Õπ≈Ÿ°§≈◊Ëπ (non-
pulsatile) ¥—ßπ—Èπ °“√°¥À≈Õ¥‡≈◊Õ¥·¥ß„Àâ·ø∫·≈â«§àÕ¬Ê ª≈àÕ¬ ®÷ß‰¡à∑”„Àâ‡°‘¥ turbulent flow ‡ªìπ™à«ßÊ 
„Àâµ√«®æ∫‰¥âµ“¡®—ßÀ«–°“√‡µâπ¢ÕßÀ—«„® 
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2. Photoplethysmography (‡§√◊ËÕß Finapres ¢Õß Ohmeda) „™â finger cuff  «¡π‘È«¡◊Õ „™â 
diode ª≈àÕ¬· ß infrared ºà“ππ‘ È«¡◊Õ ´÷ Ë¡¢÷È«¡◊Õ ·≈â«ª√–‡¡‘πª√‘¡“µ√‡≈◊Õ¥„ππ‘ Ëß‡æ‘ Èπ·≈–≈¥≈ßµ“¡™’æ®√ 
photoplethysmograph ®– àß —≠≠“≥‰ªª√—∫§«“¡¥—π„π finger cuff Õ¬à“ß√«¥‡√Á«¡“° ‡æ◊ËÕæ¬“¬“¡∑”„Àâ 
ª√‘¡“µ√‡≈◊Õ¥„ππ‘È«§ß∑’Ë À≈Õ¥‡≈◊Õ¥®–‰¡à∂Ÿ°°¥„Àâ·ø∫‰ª §«“¡¥—π∑’Ë„™â®–∂Ÿ°· ¥ß∑“ß®Õ¿“æ‡ªìπ waveform 
§≈â“¬°—∫∑’Ëæ∫®“° arterial line ®÷ß “¡“√∂„™â‡ªìπ continuous noninvasive BP monitoring ‰¥â 

3. Tonometry «“ß sensor ´÷Ëß‡ªìπ piezoresistive crystal pressure transducer ∫πº‘«Àπ—ß‡Àπ◊Õ 
À≈Õ¥‡≈◊Õ¥·¥ßµ◊ÈπÊ ‡™àπ radial artery À√◊Õ temporal artery ‚¥¬„™â·√ß°¥¡“°æÕ∑’Ë®–∑”„ÀâÀ≈Õ¥‡≈◊Õ¥ 
·∫π≈ß‡≈Á°πâÕ¬ ·µà‰¡à·ø∫‰ªÀ¡¥ §«“¡¥—π„πÀ≈Õ¥‡≈◊Õ¥®–∂Ÿ° àßºà“π¡“¬—ß transducer ́ ÷Ëß®–‡ª≈’Ë¬π —≠≠“≥ 
¡“‡ªìπ waveform ‡À¡◊Õπ arterial line 

°“√µ‘¥µ“¡§«“¡¥—π‡≈◊Õ¥·¥ß‚¥¬«—¥∑“ßµ√ß (Direct or Invasive BP Monitoring) 

°“√«—¥§«“¡¥—π„πÀ≈Õ¥‡≈◊Õ¥·¥ß‚¥¬∑“ßµ√ß (direct arterial BP monitoring) ∑”‰¥â‚¥¬ Õ¥ “¬ «π 
§“‰«â„πÀ≈Õ¥‡≈◊Õ¥·¥ß (arterial cannulation) À√◊Õ∑’Ë‡√’¬°«à“ arterial line ‚¥¬‡Àµÿ∑’ËµâÕß  Õ¥ “¬ «π∑–≈ÿ 
º‘«Àπ—ß ®÷ß‰¥â™◊ËÕ«à“‡ªìπ invasive BP monitoring 

¢âÕ∫àß™’È¢Õß direct BP monitoring §◊Õ 

1. „™â„π°√≥’∑’Ë‰¡à “¡“√∂„™â indirect BP measurement ‰¥â 

2. µâÕß°“√ continuous BP monitoring 

3. µâÕß°“√‡ª√’¬∫‡∑’¬∫À√◊Õª√–‡¡‘π§à“∑’Ë‰¥â®“° indirect measurement 

 à«π¢âÕ∫àß™’È¢Õß arterial line ¡’‡æ‘Ë¡¡“°¢÷Èπ®“°¢âÕ∫àß™’È¢Õß direct BP measurement ¥—ßπ’È §◊Õ 

4. µâÕß¥Ÿ¥‡≈◊Õ¥®“°À≈Õ¥‡≈◊Õ¥·¥ß∫àÕ¬Ê ‡°‘π«—π≈– 3-4 §√—Èß 

5. Intra-arterial administration of drugs, e.g. thrombolytic 

6. Arterial angiographic study 

7. Use of intra-aortic balloon pump, cardiopulmonary bypass

√–∫∫«—¥§«“¡¥—π (pressure measurement system) ª√–°Õ∫¥â«¬

1.  “¬µàÕ∑’ËÀ≈àÕ¥â«¬ heparinized saline µàÕ‡¢â“°—∫ arterial cannula ‡æ◊ËÕ àß·√ß¥—π®“°‡≈◊Õ¥‰ª¬—ß 
Õÿª°√≥å«—¥§«“¡¥—π Õ’°ª≈“¬Àπ÷ËßµàÕ°—∫ 3-way stopcock ‡æ◊ËÕ‰«â¥Ÿ¥‡≈◊Õ¥À√◊Õ intermittent flush ®“°π—Èπ®÷ß
µàÕ‰ª¬—ßÕÿª°√≥å«—¥§«“¡¥—π (pressure measurement device) µàÕ‰ª  “¬∑’Ë„™â§«√‡ªìπ “¬∑’Ë‰¡à¬◊¥À¬ÿàπ¡“° 
(non-compliant) ·≈–√–¬–®“° arterial cannula ∂÷ß 3-way stopcock ‰¡à§«√Àà“ß¡“°π—° 

2. Flush device §◊ÕÕÿª°√≥å∑’Ë„™â ‰≈à‡≈◊Õ¥‰¡à„Àâ‡¢â“¡“·¢Áßµ—«Õÿ¥µ—π arterial cannula À√◊Õ tubing  ‚¥¬ 
„™â heparinized saline §«“¡‡¢â¡¢âπ 1-5 U/mL „™â ‰¥â 2 ≈—°…≥– §◊Õ 

2.1 Intermittent flush ‚¥¬©’¥∑“ß 3-way stopcock ‚¥¬©’¥™â“Ê ‰¡à§«√„™âª√‘¡“µ√‡°‘π§√—Èß≈– 0.5 
mL „π‡¥Á°‡≈Á° 1-2 mL „π‡¥Á°‚µ 2-3 mL „πºŸâ„À≠à 
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2.2 Continuous flush device ‚¥¬¡’ continuous flush valve ∑’Ë„Àâ heparinized saline ‰À≈„π 
Õ—µ√“ 1-2 mL/h „π∑“√° ·≈– 3 mL „π‡¥Á°·≈–ºŸâ„À≠à ·µàµâÕß„™â§«“¡¥—π∫’∫ heparinized saline bag ª√–¡“≥ 
300 mm Hg ∂â“ºŸâ„™âµâÕß°“√∑” intermittent flush ‡æ‘Ë¡ °Á∑”‰¥â‚¥¬°“√¥÷ßÀ√◊Õ∫’∫ (¢÷Èπ°—∫·µà≈–¬’ËÀâÕ) ∑’Ë∫√‘‡«≥ 
flush valve ÷́Ëß®–∑”„Àâ flush valve ‡ªî¥ ·≈–√–∫∫µàÕµ√ß‡¢â“°—∫ pressurized bag ∑’Ë∂Ÿ°∫’∫¥â«¬·√ß¥—π 300
mm Hg π—Èπ ∂â“¥÷ßÀ√◊Õ∫’∫Õ¬Ÿàπ“π °Á®–∑”„Àâ heparinized saline ‡¢â“‰ª¡“°‰¥â ®÷ß‰¡à·π–π”„Àâ‡ªî¥ flush valve 
π“π°«à“ 2-3 «‘π“∑’ 

3. Pressure measurement device Õÿª°√≥å«—¥§«“¡¥—π ¡’ 2 ≈—°…≥– §◊Õ 

3.1 Mechanical device §◊Õ manometer Õ“®‡ªìπ·∫∫ mercury column À√◊Õ aneroid 

3.2 Electronic pressure measurement system ª√–°Õ∫¥â«¬ transducer ∑”Àπâ“∑
°≈„π√Ÿª¢Õß§«“¡¥—π„Àâ‡ªìπæ≈—ßß“π‰øøÑ“ ·≈â« àß‰ªÕÕ°∑“ß®Õ¿“æ 

Ë¬πæ≈—ßß“π ’Ë‡ª≈’

°“√„™â intra-arterial BP monitoring ‚¥¬ electronic system µâÕß¥Ÿ·≈¥—ßπ’È 

1. Calibration ∂â“„™â reusable transducer ∑’Ë¡’ dome ·≈– diaphragm ·π–π”„Àâ∑” 2-point
calibration °àÕπ∑’Ë®–µàÕ‡¢â“°—∫ºŸâªÉ«¬  à«π solid-state disposable transducer ∑’Ë„™â°—π„πªí®®ÿ∫—π ¡’ stability 
¡“° ·≈–‰¥â√—∫°“√ calibrate ®“°‚√ßß“π·≈â« ®÷ß‰¡à®”‡ªìπµâÕß∑” 2-point calibration Õ’° ‡æ√“–æ∫§«“¡
º‘¥ª°µ‘‰¥âπâÕ¬¡“° Õ¬à“ß‰√°Áµ“¡∂â“ ß —¬§«“¡‡∑’Ë¬ßµ√ß¢Õß transducer °ÁµâÕß∑” 2-point calibration ‡™àπ°—π 

2. Zeroing µâÕß∑”‡ªìπ√–¬– ‡æ√“– drifting ‡°‘¥¢÷Èπ‰¥â‡¡◊ËÕ‡«≈“ºà“π‰ª ·¡â«à“®–‡ªìπ transducer  ¡—¬ 
„À¡à°Áµ“¡ „™â phlebostatic axis (RA) ‡ªìπ zero level ‚¥¬ “¡“√∂ zeroing ‰¥â 2 ≈—°…≥– §◊Õ 

2.1 Mechanical zeroing ‚¥¬„Àâ transducer Õ¬Ÿà„π√–¥—∫‡¥’¬«°—∫ RA ‚¥¬Õ“®µ‘¥ transducer ‰«â 
∑’Ëµ—«ºŸâªÉ«¬∑’Ë‡µ’¬ß À√◊Õ∑’Ë‡ “πÈ”‡°≈◊Õ°Á‰¥â 

2.2 Electrical zeroing ‚¥¬‡ªî¥ stopcock ∑’Ë√–¥—∫ RA ‰¡à«à“µ—« transducer ®–Õ¬Ÿà√–¥—∫„¥°Áµ“¡ 
«‘∏’π’È –¥«°„π°“√„™â∑“ß§≈‘π‘° ‚¥¬ “¡“√∂®—¥«“ßµ”·Àπàß transducer ‰«â∑’Ë„¥°Áµ“¡∑’Ë¥Ÿ·≈ –¥«° ·µà‰¡à 
 “¡“√∂„™â ‰¥â°—∫∑ÿ°‡§√◊ËÕß ‡π◊ËÕß®“°„π‡§√◊ËÕß∫“ß™π‘¥∂â“ transducer µ√«®«—¥§«“¡¥—π‰¥â°Á®–‰¡à “¡“√∂ª√—∫§à“ 
zero ‰¥â 

À≈—ß zeroing ∂â“µ”·Àπàß¢Õß transducer ‡ª≈’Ë¬π‰ª®“° reference level  §«“¡¥—π∑’Ë«—¥‰¥â°Á
®–‡ª≈’Ë¬π‰ª‡∑à“°—∫§«“¡ Ÿß¢Õß√–¥—∫πÈ”√–À«à“ß transducer ·≈– reference level ®÷ß§«√ zero „À¡à∑ÿ°§√—Èß 
∑’Ë¡’°“√‡ª≈’Ë¬π µ”·Àπàß¢Õß transducer ¡‘©–π—Èπ·≈â«ºŸâ„™â®–µâÕß§Õ¬π”§à“§«“¡ Ÿß¢Õß√–¥—∫πÈ”√–À«à“ß trans-
ducer °—∫ reference level ‚¥¬‡∑’¬∫‡ªìπÀπà«¬ mm Hg ·≈â«π”¡“∫«°‡¢â“°—∫§à“∑’ËÕà“π‰¥â„π°√≥’∑’Ë transducer 
Õ¬Ÿà Ÿß°«à“ reference level À√◊Õπ”§à“π—Èπ¡“≈∫ÕÕ°®“°§à“∑’ËÕà“π‰¥â„π°√≥’∑’Ë transducer µË”°«à“ reference level 
´÷Ëß¬ÿàß¬“°°«à“¡“° 

3. Fast flush test ‡æ◊ËÕ∑” dynamic calibration §«√∑”‡ªìπ√–¬– ª√—∫„Àâ¡’§≈◊ËπÀ≈—ß®“° plateau 
2-3 §≈◊Ëπ 
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°“√µ‘¥µ“¡§«“¡¥—πÀ≈Õ¥‡≈◊Õ¥¥” à«π°≈“ß (Central Venous Pressure Monitoring) 

CVP §◊Õ §«“¡¥—π‡≈◊Õ¥„πÀ≈Õ¥‡≈◊Õ¥¥”„À≠à°àÕπ∑’Ë®–≈ß Ÿà right atrium (RA) ‡ª≈’Ë¬π·ª≈ßµ“¡§«“¡
¥—π‡≈◊Õ¥„π RA µ≈Õ¥‡«≈“‡π◊ËÕß®“°‰¡à¡’≈‘Èπ°—Èπ ®÷ß∂◊Õ«à“‡∑à“°—∫ right atrial pressure (RAP) ´÷Ëß‡ªìπ§à“∑’Ë∫àß™’È 
 ‘Ëßµà“ßÊ ¥—ßπ’È 

1. ‡ªìπªí®®—¬Àπ÷Ëß∑’Ë°”Àπ¥ right ventricular filling pressure (RVFP) ́ ÷Ëß®–‡ªìπµ—«°”Àπ¥«à“¡’ venous 
return ‰À≈‡¢â“ Ÿà right ventricle (RV) ¡“°πâÕ¬‡æ’¬ß„¥ ‚¥¬ RVFP = RAP-RVDP „π¿“«–ª°µ‘ RV diastolic
pressure ®–¡’§à“µË”¡“° „°≈â 0 RAP °Á®–‡ªìπ RVFP ∂â“ RAP µË” RV venous return °ÁµË” ·µà„π¿“«–∑’Ë
RVDP  Ÿß (‡™àπ RV dysfunction, RV outflow obstruction, pericardial tamponade) ·¡â RAP  Ÿß°ÁÕ“®‰¥â
§à“ RVFP ®√‘ßµË” ‡ªìπº≈„Àâ RV venous return µË” ·≈– RV output µË”¥â«¬  ¿“«–‡À≈à“π’ÈµâÕß∑”„Àâ RAP
 Ÿß°«à“ª°µ‘®÷ß®–¡’‡≈◊Õ¥‰À≈≈ß Ÿà RV ‰¥â 

2. ‡ªìπ§à“∑’Ë∫àß RVEDP „π√–¬–∑â“¬¢Õß diastolic phase °àÕπ∑’Ë RV ®–À¥µ—«·≈– tricuspid valve 
®–ªî¥ ®÷ß‡∑à“°—∫«à“ RAP ‡ªìπ ‘Ëß∫àß∫Õ° RV preload ‰¥â 

„π∑“ßªØ‘∫—µ‘ ‡√“‰¡àπ‘¬¡„ à catheter „Àâª≈“¬Õ¬Ÿà„π RA ‡π◊ËÕß®“°∑”„Àâ‡°‘¥¿“«–·∑√°´âÕπ‰¥âßà“¬ 
‡™àπ cardiac arrhythmias ·≈– perforation of atrium ·≈–‚¥¬‡Àµÿ∑’Ë CVP ¡’§«“¡ —¡æ—π∏å°—∫ RAP Õ¬à“ß 
„°≈â™‘¥¥—ß°≈à“«·≈â« ‡√“®÷ßπ‘¬¡„™â§à“ CVP ·∑π RAP 

§à“ª°µ‘¢Õß CVP À√◊Õ RAP ‡ªìπ‡∑à“‰√ µâÕß∑√“∫«à“À—«„®®–æ¬“¬“¡√—°…“§à“ RAP ∑’Ë∞“π¢Õß tricus-
pid valve „Àâ‡ªìπ 0 mm Hg ‡æ◊ËÕ™à«¬„Àâ‡≈◊Õ¥‰À≈°≈—∫ Ÿà RA ‰¥â –¥«° ·µà§«“¡®√‘ß·≈â« §«“¡¥—π„π RA ¡’°“√
¢÷Èπ≈ß„π·µà≈– cycle ‡æ√“– atrium ·≈– ventricle ¡’°“√ contraction ·≈– relaxation §à“ RAP Õ“®‡ªìπ ≈∫ 
°Á‰¥â ‡π◊ËÕß®“°Õ‘∑∏‘æ≈¢Õß intraventricular À√◊Õ intrapleural pressure ¡—°‰¡àµË”°«à“ -4 ∂÷ß -5 mmHg §à“∑’ËµË”
¡“° æ∫„π°√≥’∑’ËÀ—«„®∫’∫·≈–§≈“¬µ—«·√ß¡“° ‚¥¬‡©æ“–‡¡◊ËÕ√à«¡°—∫ hypovolemia ·≈– negative intrapleu-
ral pressure ¢≥–¡’ atrial contraction RAP Õ“® Ÿß∂÷ß 10-15 mmHg ∂â“ Ÿß°«à“ 15-20 mmHg ¡—°‡°‘¥®“°
right ventricular failure À√◊Õ volume overload §à“∑’Ë∂◊Õ°—π«à“‡ªìπ§à“ª°µ‘¢Õß RAP §◊Õ 0-8 mmHg 

§à“ª°µ‘¢Õß CVP ®– Ÿß°«à“ RAP ‡≈Á°πâÕ¬ „π∑“ßªØ‘∫—µ‘§à“∑’Ë«—¥‰¥â¢÷Èπ°—∫µ”·Àπàß¢Õßª≈“¬ “¬«à“Õ¬Ÿà∑’Ë
„¥ Àà“ß®“° RA ÕÕ°‰ª¡“°πâÕ¬‡æ’¬ß„¥¥â«¬ §à“ª°µ‘¢Õß CVP ®“°µ”√“µà“ßÊ ®÷ß·µ°µà“ß°—π‰¥â¡“°¡“¬ ‡™àπ 
2-7, 3-10, 6-10, 8-12 cmH2O ‡ªìπµâπ ¢÷Èπ°—∫ªí®®—¬µà“ßÊ ∑’Ë¡’º≈µàÕ CVP ¥—ß°≈à“«·≈â« ∑’Ë‡ª≈’Ë¬π‰ª‰¥â„π·µà≈– 
¿“«–∑’Ë«—¥ „π§πÊ ‡¥’¬«°—π «—¥ CVP „π¿“«–∑’Ëµà“ß°—π°Á®–‰¥â§à“‰¡à‡∑à“°—π ‡™àπ ¢≥–æ—°«—¥ CVP ‰¥â§à“Àπ÷Ëß
À≈—ß®“°ÕÕ°°”≈—ß°“¬ À—«„®‡µâπ·√ß¢÷Èπ·≈–À“¬„®·√ß¢÷Èπ §à“ CVP °ÁµË”≈ß‰¥â ‡ªìπµâπ °“√∫Õ°«à“§à“ CVP ¢Õß
ºŸâªÉ«¬§π„¥ª°µ‘À√◊Õ‰¡à ®÷ß‰¡à„™à¥Ÿ·µà absolute value ‡æ’¬ßÕ¬à“ß‡¥’¬« ‡™àπ ºŸâªÉ«¬ COPD ∑’Ë¡’ pulmonary 
vascular resistance  Ÿß ∑”„Àâ afterload ¢Õß RV  Ÿß ∂â“π”¡“«—¥ CVP „π¿“«–∑’Ë‡¢“Õ¬Ÿàµ“¡ª°µ‘∏√√¡¥“‰¡à¡’
exacerbation °ÁÕ“®‰¥â§à“ CVP 18 cmH2O ‰¥â °Á∂◊Õ«à“‡ªìπ§à“ CVP ª°µ‘¢ÕßºŸâªÉ«¬√“¬π’È ‡√’¬°«à“‡ªìπ compen-
sated normal value À¡“¬§«“¡«à“‡æ◊ËÕ„Àâ¡’ RV preload ∑’Ë‡À¡“– ¡ ºŸâªÉ«¬√“¬π’ÈµâÕß°“√ RAP À√◊Õ CVP 
ª√–¡“≥ 18 cmH2O ∂â“æ¬“¬“¡√—°…“‰«â∑’Ë§à“‡∑à“°—∫§à“ª°µ‘∑’Ë‡¢’¬π‰«â„πµ”√“ °Á®–‰¡à‡æ’¬ßæÕ ”À√—∫ºŸâªÉ«¬ 
√“¬π’È ¥—ßπ—Èπ°“√ª√–‡¡‘π§à“ CVP ª°µ‘¢ÕßºŸâªÉ«¬·µà≈–§π ®÷ß ”§—≠°«à“°“√¬÷¥§à“ª°µ‘µ“¡µ”√“ 
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Õ¬à“ß‰√°Áµ“¡ §à“‡©≈’Ë¬¢Õß CVP ∑’Ë∂◊Õ°—π«à“Õ¬Ÿà„π‡°≥±åª°µ‘ ¡—°„™â™à«ß 0-12 cm H2O ·µàµâÕß√–≈÷°‰«â
«à“ §à“∑’Ë«—¥‰¥â„π™à«ßµ—Èß·µà ≈∫ 2-3 cm H2O ∂÷ß ∫«° 15-20 cm H2O °Á∂◊Õ«à“ª°µ‘‰¥â 

§à“ CVP ∑’Ëª°µ‘ °Á‰¡à‰¥â∫àß«à“ºŸâªÉ«¬ª°µ‘‡ ¡Õ‰ª ·≈–§à“ CVP ∑’Ë‰¡àª°µ‘ °Á‰¡à‰¥â∫àß«à“ºŸâªÉ«¬º‘¥ª°µ‘‡ ¡Õ
‰ª ‡¡◊ËÕæ∫«à“§à“ CVP ¢ÕßºŸâªÉ«¬√“¬„¥º‘¥‰ª®“°§à“ª°µ‘ „Àâµ√«® Õ∫§«“¡º‘¥æ≈“¥∑“ß‡∑§π‘§¢Õß‡§√◊ËÕß¡◊Õ 
·≈–°“√«—¥ ∂â“‰¡àæ∫ °Á„ÀâÀ“«à“¡’ªí®®—¬Õ–‰√∫“ßÕ¬à“ß∑’Ë‡ªìπ “‡ÀµÿÀ√◊Õ‰¡à ∂â“¡’ ®–µâÕß·°â ‰¢À√◊Õ·°â ‰¢‰¥âÀ√◊Õ‰¡à 
·°â ‰¢‰¥â°Á·°â ‰¢‰ª ∂â“·°â ‰¢‰¡à‰¥â°Á¬Õ¡√—∫«à“§à“ CVP ª°µ‘¢ÕßºŸâªÉ«¬√“¬π—ÈπµâÕß‡ªìπ‡∑à“π—Èπ 

CVP ∫Õ°Õ–‰√‰¥â∫â“ß 

1. Blood volume (BV) ·¡â BV ®–‡ªìπªí®®—¬Àπ÷Ëß∑’Ë¡’º≈µàÕ CVP °Á®√‘ß ·µà‰¡à„™àªí®®—¬‡¥’¬« ·≈–ªí®®—¬ 
Õ◊ËπÊ °Á¡’°“√ª√—∫µ—«‡Õß‡æ◊ËÕ√—°…“√–¥—∫ CVP Õ¬Ÿàµ≈Õ¥‡«≈“ CVP ®–∫àß™’È BV ‰¥â°ÁµàÕ‡¡◊ËÕ∑√“∫«à“ªí®®—¬Õ◊ËπÊ 
§ß∑’Ë ´÷Ëß„π§«“¡‡ªìπ®√‘ß‰¡à “¡“√∂∑√“∫‰¥â·≈–‰¡à¡’∑“ß§ß∑’Ë‰¥â¥â«¬ ∂â“‡√“‡æ‘Ë¡ BV ‡¢â“‰ª À—«„®®–∫’∫µ—«¡“° 
¢÷Èπ‡æ◊ËÕªíö¡ venous return ∑’Ë¡“°¢÷Èππ—ÈπÕÕ°‰ª®πÀ¡¥ „π∑“ßµ√ß¢â“¡∂â“¡’°“√‡ ’¬‡≈◊Õ¥°Á®–¡’ venoconstriction 
‡æ◊ËÕ√—°…“√–¥—∫ CVP ÷́Ëß‡ªìπ filling pressure ¢ÕßÀ—«„®„Àâ§ß∑’ËÕ¬Ÿà°àÕπ ‡æ◊ËÕ∑’Ë cardiac output ®–‰¥â ‰¡à≈¥≈ß 
®π°«à“ venoconstriction π—Èπ®–‰¡à “¡“√∂√—°…“√–¥—∫ CVP ‰«â ‰¥â CVP ®÷ßµË”≈ß ‡ªìπº≈„Àâ ventricular filling 
pressure ≈¥≈ß venous return ≈¥≈ß cardiac output ≈¥≈ß ·≈– BP ≈¥≈ß¥â«¬ ¥—ßπ—Èπ„π acute blood loss 
®÷ß‰¡à§«√‡¢â“„®«à“ CVP ®–≈¥≈ß‡√Á«°«à“°“√‡°‘¥ hypotension  √ÿª§◊Õ °“√¥Ÿ§à“ CVP ‡¥’Ë¬«Ê „π·µà≈–¢≥–‰¡à 
 “¡“√∂∫Õ° BV ‰¥â §à“ CVP ∑’Ëª°µ‘ µË” À√◊Õ Ÿß °ÁÕ“®æ∫‰¥â„π¿“«–∑’Ë blood volume  Ÿß ª°µ‘ À√◊ÕµË”°Á‰¥â 

CVP ª°µ‘ 1. Normovolemia 

2. Hypovolemia ∑’Ë¡’ venoconstriction À√◊Õ depressed ventricular function 

3. Hypervolemia ∑’Ë¡’ hyperdynamic heart function 

°≈à“«§◊Õ CVP ª°µ‘ ‰¡à‰¥âÀ¡“¬§«“¡«à“ blood volume ‡æ’¬ßæÕ 

CVP µË” 1. Absolute or relative hypovolemia (vasodilatation) 

2. Hypervolemia À√◊Õ normovolemia ∑’Ë¡’ hyperdynamic heart function À√◊Õ negative 
intrathoracic pressure 

°≈à“«§◊Õ CVP µË” ‰¡à‰¥âÀ¡“¬§«“¡«à“ BV µË”·≈–µâÕß„Àâ volume ‡¢â“‰ªÕ’° 

1. Hypervolemia CVP  Ÿß 
2. Normovolemia À√◊Õ hypovolemia ∑’Ë¡’ depressed right ventricular function À√◊Õ 
obstruction ‡™àπ pericardial tamponade, tricuspid or pulmonic stenosis 

°≈à“«§◊Õ CVP  Ÿß ‰¡à‰¥âÀ¡“¬§«“¡«à“ blood volume ¡“°‡°‘π‰ª 

2. Venous return ®“°∑’Ë°≈à“«¡“·≈â«  √ÿª‰¥â«à“ §à“ CVP  ŸßÀ√◊ÕµË” ¡‘‰¥â∫àß™’È«à“ VRRV ¡“°À√◊ÕπâÕ¬‰¥â 
‡ ¡Õ‰ª Õ“®¡’¿“«–∑’Ë CVP ‰¡à Ÿß ·µà VRRV ¡“° À√◊Õ¡’¿“«–∑’Ë CVP  Ÿß ·µà VRRV µË” °Á‡ªìπ‰¥â∑—Èß ‘Èπ 

3. Optimum preload RV preload §◊Õ RVEDV °“√®–„™â CVP ·∑π ¡’¢âÕ§”π÷ßµàÕ‰ªπ’È 

- °“√®–„™â RVEDP ·∑π RVEDV ‰¥â°ÁµàÕ‡¡◊ËÕ∑√“∫ RV compliance (=RVEDV/RVEDP) „π
¿“«–∑’Ë RV compliance µË”≈ß (‡™àπ RV ischemia/infarction) §à“ RVEDP ∑’Ë®–∑”„Àâ ‰¥â optimum RVEDV 
°Á¬àÕ¡ Ÿß¢÷Èπ ‡ªìπµâπ 
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- °“√®–„™â RAP ·∑π RVEDP µâÕß§”π÷ß∂÷ß tricuspid valve function ∂â“¡’ tricuspid stenosis, 
pulmonic regurgitation ®–∑”„Àâ RAP ‰¡à “¡“√∂·∑π RVEDP ‰¥â  à«π intrathoracic À√◊Õ intrapleural
pressure π—Èπ ¡’º≈µàÕ§«“¡¥—π„π RA ¡“°°«à“„π RV ‡π◊ËÕß®“°ºπ—ß RV Àπ“°«à“ 

- §à“ CVP ®–µà“ß®“° RAP ¡“°πâÕ¬‡æ’¬ß„¥ ¢÷Èπ°—∫µ”·Àπàßª≈“¬ “¬ 

 √ÿª«à“ CVP Õ“®„™â∫àß™’È RV preload ‰¥â„π¿“«–∑’Ë RV compliance ª°µ‘ ‰¡à¡’§«“¡º‘¥ª°µ‘¢Õß 
tricuspid valve ‰¡à¡’§«“¡º‘¥ª°µ‘¢Õß intrapleural pressure ¡“° ·≈–µ”·Àπàßª≈“¬ “¬«—¥ CVP ∂Ÿ°∑’Ë 

„π§πª°µ‘ RAP (CVP) ®–¡’§«“¡ —¡æ—π∏å°—∫ LAP (PCWP) ‡ªìπ‡™‘ß‡ âπµ√ß ‚¥¬∑’Ë mean RAP ®–
µË”°«à“ LAP ª√–¡“≥ 3-7 mmHg (‡©≈’Ë¬ª√–¡“≥ 5 mmHg) ®÷ß “¡“√∂„™â CVP ·∑π PCWP „π°“√ª√–‡¡‘π
LV preload ¬°‡«âπ„π¿“«–∑’Ë∑”„Àâ right side pressure ·≈– left side pressure ‰¡à‡ª≈’Ë¬π·ª≈ß‰ª¥â«¬°—π
(¿“«–∑’Ë‡√’¬°«à“ right-left discrepancy) ®”‡ªìπµâÕß„ à pulmonary artery catheter ‡æ◊ËÕª√–‡¡‘π PCWP 
¿“«–‡À≈à“π’È ‰¥â·°à 

1. ¿“«–∑’Ë‰¡à¡’ pericardium „π¿“«–À≈—ßºà“µ—¥À—«„®„π√“¬∑’Ë‰¡à‰¥âªî¥ pericardium À√◊Õ„π con-
genital absence of pericardium ·¡â«à“®–¡’ LV failure °Á‰¡à “¡“√∂∑”„Àâ RVEDP ·≈– RAP  Ÿß¢÷Èπ‰¥â ®÷ßÕ“® 
æ∫ pulmonary edema ‚¥¬∑’Ë CVP ‰¡à Ÿß ·µà∂â“«—¥ PCWP ®–æ∫«à“ Ÿß 

2. ¿“«–∑’Ë RV ∑”ß“πº‘¥ª°µ‘‚¥¬≈”æ—ß ‡™àπ pulmonary hypertension, pulmonary embolism, 
isolated RV infarction °√≥’‡À≈à“π’È CVP ®– Ÿß‚¥¬∑’Ë PCWP ‰¡à Ÿß 

3. ¿“«–∑’Ë LV compliance µË”≈ß ∑”„Àâ LVEDP ∑’Ë Ÿß¢÷Èπ¡’º≈µàÕ right-sided pressure πâÕ¬°«à“
ª°µ‘ PCWP Õ“® Ÿß¡“°®πÕ“®‡°‘¥ pulmonary edema ·≈â«‚¥¬∑’Ë CVP ‰¡à ŸßÀ√◊Õ Ÿß‰¡à¡“° ¿“«–‡À≈à“π’È 
‰¥â·°à acute myocardial infarction, mitral and aortic valve disease, severe hypertension 

Optimum preload Õ¬Ÿà∑’Ë PCWP ª√–¡“≥ 15 ¡¡.ª√Õ∑ À√◊Õ CVP ª√–¡“≥ 15 ́ ¡.πÈ” ·µà„π 
§«“¡‡ªìπ®√‘ß §à“ PCWP À√◊Õ CVP ∑’Ë„™â∫àß optimal preload „πºŸâªÉ«¬·µà≈–§π‰¡à‡∑à“°—π‰¥â ∂â“®–æ‘®“√≥“ 
‡ªìπ√“¬Ê ‰ª „Àâ —ß‡°µ‰¥â®“°°“√∑’Ë‡¡◊ËÕ∑¥≈Õß„Àâ volume ‡æ‘Ë¡ ‡æ◊ËÕ„Àâ PCWP À√◊Õ CVP  Ÿß°«à“§à“∑’Ë§‘¥«à“ 
optimum π’È¢÷Èπ‰ª °Á‰¡à∑”„Àâ cardiac output ‡æ‘Ë¡¢÷Èπ‰¥âÕ’° „πºŸâªÉ«¬ acute myocardial infarction §à“ LV 
compliance µË”≈ß §à“ PCWP ∑’Ë∫àß optimum preload ¡—°Õ¬Ÿà∑’Ë 20-22 ¡¡.ª√Õ∑ ·≈–¿“«–π’È ‰¡à “¡“√∂„™â 
CVP ·∑π‰¥â 

4. Cardiac pump function ‚¥¬‡Àµÿ∑’Ë RV pump function ‡ªìπªí®®—¬ ”§—≠∑’Ë®–√—°…“√–¥—∫ RAP
„Àâ§ß∑’Ë‰«â CVP ®÷ß¡’§«“¡ —¡æ—π∏å°—∫ RV pump function ¡“°°«à“Õ¬à“ßÕ◊Ëπ ∂â“ RV ¬—ß§ß∫’∫‡≈◊Õ¥ÕÕ°‰ª‰¥â 
CVP °Á¬—ß§ßµË”Õ¬Ÿà‰¥â ·µà∂â“ RV ‰¡à “¡“√∂∫’∫‡≈◊Õ¥ÕÕ°‰ª‰¥â¥’æÕ CVP °Á®– Ÿß¢÷Èπ „π∑”πÕß‡¥’¬«°—π°—∫∑’Ë PCWP 
∫àß∫Õ° LV pump function ‰¥â¥’°«à“Õ¬à“ßÕ◊Ëπ∑’Ë°≈à“«¡“ „πºŸâªÉ«¬∑’Ë‰¡à¡’¿“«– right-left discrepancy °Á„™â CVP 
·∑π PCWP „π°“√ª√–‡¡‘π LV pump function ‰¥â ´÷Ëß‡ªìπ∑’Ë„™â ”§—≠¢Õß CVP §◊Õ fluid challenge test 

∑’Ë„™â¢Õß CVP „π∑“ß§≈‘π‘° ®“°∑’Ë∑√“∫«à“ CVP ‰¡à “¡“√∂∫Õ° blood volume À√◊Õ venous 
return‰¥â ·≈–‰¡à “¡“√∂∫Õ° cardiac preload „πÀ—«„®∑’Ë‰¡àª°µ‘  ®÷ß∑”„Àâ∑’Ë„™â¢Õß CVP ¡’Õ¬Ÿà‡æ’¬ßÕ¬à“ß‡¥’¬« 
§◊Õ „™â‡ªìπ·π«∑“ß°“√„Àâ “√πÈ”‚¥¬ fluid challenge test „πºŸâªÉ«¬∑’Ë‰¡à¡’ right-left discrepancy ¥—ß°≈à“«·≈â« 
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ªí≠À“·≈–¢âÕº‘¥æ≈“¥∑’Ëæ∫∫àÕ¬„π°“√‡ΩÑ“√–«—ß CVP ·≈–„™â central line §◊Õ

1. ‡¢â“„®«à“ central line ‡ªìπ∑“ß∑’Ë„™â„Àâ “√πÈ”À√◊Õ‡≈◊Õ¥‰¥âÕ¬à“ß√«¥‡√Á« ∑’Ë®√‘ß·≈â« central line
‰¡à “¡“√∂„Àâ ‰¥â “√πÈ”‰¥â‡√Á«°«à“ peripheral line ∑’Ë¡’¢π“¥‡∑à“°—π ·≈–‰¡à§«√„Àâ “√πÈ”À√◊Õ‡≈◊Õ¥‡√Á«Ê ‡¢â“∑“ß
central line ‡π◊ËÕß®“°°“√„Àâ volume ‡√Á«Ê ‡¢â“‰ª∑“ß central line Õ“®∑”„ÀâÀ—«„®‚ªÉßæÕßÕÕ°„π™à«ß∑’Ë fluid
∂Ÿ°¥—π‡¢â“‰ª º≈§◊Õ preload  Ÿß‡°‘π‰ª ∑”„ÀâÀ—«„®∫’∫µ—«·¬à≈ß„π™à«ßπ—Èπ  à«π°“√„Àâ∑“ß peripheral line ®–¡’
buffer effect ‰¡à∑”„Àâ§«“¡¥—π∑’ËÀ—«„® Ÿß¢÷Èπ∑’‡¥’¬«¡“° À√◊Õ Ÿß‡ªìπ™à«ßÊ µ“¡°“√ push fluid ‡¢â“‰ª πÕ°®“°
π—Èπ  “√πÈ”∑’Ë¡’Õÿ≥À¿Ÿ¡‘‡∑à“Õÿ≥À¿Ÿ¡‘ÀâÕß (´÷Ëß¡—°®–µ‘¥·Õ√å) ‡¡◊ËÕ∂Ÿ° push ‡¢â“ ŸàÀ—«„®‚¥¬µ√ß ®–∑”„Àâ‡°‘¥ car-
diac hypothermia ·≈–√∫°«π°“√∑”ß“π¢ÕßÀ—«„®‰¥â ·µà∂â“„Àâ∑“ß peripheral line ‡¡◊ËÕ‰À≈¡“∂÷ßÀ—«„®°Á¡—°
®–¡’Õÿ≥À¿Ÿ¡‘‡∑à“À√◊Õ„°≈â®–‡∑à“°—∫Õÿ≥À¿Ÿ¡‘√à“ß°“¬·≈â«

2. „™â water column manometer ‰¡à‡ªìπ §◊Õ ‰¡à¬° “¬¢÷Èπ Ÿß·≈–‡ªî¥πÈ”„Àâ¢÷Èπ‰ª ŸßÊ „°≈â‡µÁ¡
 “¬∑’Ë®–«—¥°àÕπ ·≈â«®÷ß‡ªî¥ 3-way ‰ª∑“ß central line ‡æ◊ËÕ„ÀâπÈ”≈¥≈ß¡“®π§â“ßÕ¬Ÿà

3. ‰¡à∑√“∫«à“ zero level À√◊Õ reference level Õ¬Ÿà∑’Ë„¥ §”µÕ∫§◊Õ right atrium ®ÿ¥∑’Ë„™â„π∑“ß
ªØ‘∫—µ‘§◊Õ ®ÿ¥∑’ËÕ¬Ÿà°÷Ëß°≈“ß AP diameter ∑’Ëµ”·Àπàß right sternal border ¢Õß 4th intercostal space ‡√’¬°«à“
phlebostatic axis √–¥—∫∑’ËÕ¬Ÿà„π·π«√“∫¢Õß phlebostatic axis ‡√’¬° phlebostatic level ∂◊Õ‡ªìπ zero level
¢Õß CVP À√◊Õ RAP „™â ‰¥â ‰¡à«à“ºŸâªÉ«¬®–Õ¬Ÿà„π∑à“„¥ πÕπÀß“¬ πÕπµ–·§ß ấ“¬ À√◊Õµ–·§ß¢«“ πÕπ√“∫ À√◊ÕÀ—« Ÿß
À√◊Õπ—Ëß °Á„™â phlebostatic level ‰¥â∑—Èß ‘Èπ °“√«—¥ CVP ‰¡à®”‡ªìπµâÕß„ÀâºŸâªÉ«¬Õ¬Ÿà„π∑à“πÕπÀß“¬√“∫

4. ªí≠À“„π°“√«—¥ ∂“¡«à“ CVP ¢÷ÈπÊ ≈ßÊ µ“¡°“√À“¬„® ®–¥Ÿ§à“µÕππÈ”¢÷ÈπÀ√◊ÕπÈ”≈ß¥’? §”µÕ∫
§◊Õ „Àâ¥Ÿ§à“§«“¡¥—π„π¢≥– end-expiration À≈“¬Ê cycle ·≈â«‡©≈’Ë¬‡Õ“ ∂â“ºŸâªÉ«¬À“¬„®‡Õß°Á®–‡À¡◊Õπ°—∫¥Ÿ
§à“ Ÿß ·µà∂â“„™â positive pressure ventilation Õ¬Ÿà°Á®–‡À¡◊Õπ°—∫¥Ÿ∑’Ë§à“µË” ∂â“ºŸâªÉ«¬À“¬„®‡√Á«¡“° °“√«—¥‚¥¬«‘∏’
water column manometer Õ“®‰¡à·πàπÕπ ‡æ√“–§«“¡¥—π∂÷ß ¡¥ÿ≈‰¥â¬“°

5. «—¥ CVP ‚¥¬ª≈¥‡§√◊ËÕß™à«¬À“¬„®®“°ºŸâªÉ«¬ ‡æ√“–‡¢â“„®º‘¥«à“ °“√„™â‡§√◊ËÕß™à«¬À“¬„®¡’º≈„Àâ
CVP  Ÿß°«à“§à“∑’Ë‡ªìπ®√‘ß ºŸâ∑’Ë§‘¥‡™àππ’È· ¥ß«à“‰¡à¡’§«“¡√Ÿâ‡°’Ë¬«°—∫ CVP ∑’Ë·∑â®√‘ß ∑’Ë∂Ÿ°·≈â«°“√«—¥ CVP µâÕß‰¡à
ª≈¥‡§√◊ËÕß™à«¬À“¬„® ‰¡àµâÕßÀ¬ÿ¥ PEEP ‰¡àµâÕß¬ÿàß‡°’Ë¬«°—∫‡§√◊ËÕß™à«¬À“¬„®„¥Ê ∑—Èß ‘Èπ ‡Àµÿº≈§◊Õ

1. ‡π◊ËÕß®“°‡√“‰¡à‰¥â„™âª√–‚¬™πå®“° CVP ∑’Ë absolute value ·µà„™â serial change ¢Õß CVP
¥—ßπ—Èπ‰¡à«à“®–¡’ªí®®—¬Õ–‰√∑’Ë¡’º≈µàÕ CVP Õ¬Ÿà¥â«¬°Á‰¡à ”§—≠ µ√“∫„¥∑’Ëªí®®—¬‡À≈à“π—Èπ§ß∑’ËÕ¬Ÿà‡ ¡Õ„π°“√«—¥ CVP
·µà≈–§√—Èß ¥—ßπ—Èπ ®÷ß‰¡à®”‡ªìπ∑’Ë®–ª≈¥‡§√◊ËÕß™à«¬À“¬„®

2. ∑’Ë°≈—««à“ positive intrathoracic pressure (ITP) ®–∑”„Àâ§à“ CVP  Ÿß°«à“∑’Ë‡ªìπ®√‘ßπ—Èπ °“√
ª≈¥‡§√◊ËÕß™à«¬À“¬„® ¬‘Ëß∑”„Àâ§à“ ITP º‘¥‰ª¡“°¬‘Ëß¢÷Èπ ‰¡à√Ÿâ∑‘»∑“ß ·≈–‰¡à§ß∑’Ë„π°“√«—¥·µà≈–§√—Èß¥â«¬ ºŸâªÉ«¬∑’Ë
„™â‡§√◊ËÕß™à«¬À“¬„®Õ¬Ÿà ∂â“ª≈¥®“°‡§√◊ËÕß¬àÕ¡‰¡àÀ“¬„® ∫“¬Ê ‡À¡◊Õπ§πª°µ‘ ∂â“‰¡àÀ¬ÿ¥À“¬„®·πàπ‘Ëß°ÁµâÕßÀ“¬„®
‡Àπ◊ËÕ¬ÀÕ∫ ºŸâªÉ«¬∑’ËÀ¬ÿ¥À“¬„®°Á¡’ ITP µà“ß®“°ºŸâªÉ«¬∑’ËÀ“¬„®‡Õßª°µ‘́ ÷Ëß ITP ®–‡ªìπ≈∫¡“°°«à“ºŸâªÉ«¬∑’ËÀ¬ÿ¥À“¬„®
§à“ ITP ®÷ß‰¡à‡∑à“°—∫§πª°µ‘Õ¬Ÿà¥’  à«πºŸâªÉ«¬∑’ËÀ“¬„®‡Àπ◊ËÕ¬ÀÕ∫ pleural pressure ¡’ fluctuation ¡“° ‡ªìπ≈∫
·≈–∫«°µà“ß°—π‰¥â∂÷ßÀ≈“¬ ‘∫‡´πµ‘‡¡µ√πÈ” º≈¡“°°«à“∑’Ë‡°‘¥„π°√≥’™à«¬À“¬„®¥’Ê  ¡Ë”‡ ¡Õ‡ªìπÕ—π¡“° CVP
Õ“®µË”À√◊Õ Ÿß°«à“§«“¡‡ªìπ®√‘ß ¡“°À√◊ÕπâÕ¬‡æ’¬ß„¥°Á¬“°∑’Ë®–∑”π“¬„πºŸâªÉ«¬·µà≈–√“¬ πÕ°®“°π’È„π°“√ª≈¥
‡§√◊ËÕß‡æ◊ËÕ«—¥ CVP ·µà≈–§√—Èß ºŸâªÉ«¬‰¡à¡’∑“ßÀÕ∫‡∑à“°—π ∑”„Àâªí®®—¬∑’Ë«à“¡’º≈π’È ‰¡à‡§¬§ß‡ âπ§ß«“ °“√®–‡ª√’¬∫‡∑’¬∫
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§à“ CVP ∑’Ë«—¥‰¥â§√—Èßπ’È°—∫§√—Èß°àÕπ ®÷ß∑”‰¡à‰¥â 

3. °“√ª≈¥‡§√◊ËÕßœ πÕ°®“°®–¡’º≈µàÕ ITP ¡“°°«à“·≈â« ¬—ß¡’º≈µàÕªí®®—¬∑’Ë¡’º≈µàÕ CVP ∑ÿ°
ªí®®—¬ °≈à“«§◊Õ 

- ¡’°“√‡ª≈’Ë¬π·ª≈ß¢Õß sympathetic tone ∑”„Àâ venoconstriction ¡“°¢÷Èπ 

- Pulmonary vascular resistance  Ÿß¢÷Èπ©—∫æ≈—π®“° pulmonary vasoconstriction ∑’Ë 
‡°‘¥®“° alveolar hypoxia ·≈– hypercarbia 

- Ventricular function Õ“®¥’¢÷ÈπÀ√◊Õ·¬à≈ß°Á‰¥â®“°‡Àµÿµà“ßÊ ‰¥â·°à sympathetic stimu-
lation, hypoxemia, hypercarbia, acidosis 

∑’Ë ”§—≠§◊Õº≈‡À≈à“π’È ‰¡à‡À¡◊Õπ°—π„π∑ÿ°§π µà“ß°—π·¡â„π§π‡¥’¬«°—π„π·µà≈–‡«≈“ ·≈–‰¡à 
 “¡“√∂∑”π“¬§«“¡√ÿπ·√ß¢Õß°“√‡ª≈’Ë¬π·ª≈ß‰¥â 

4. °“√ª≈¥‡§√◊ËÕß™à«¬À“¬„® ‡ªìπ°“√∑”„ÀâºŸâªÉ«¬‡ ’Ë¬ßµ“¬¡“°¢÷Èπ 

- ºŸâªÉ«¬∑’Ë„™â FIO2  Ÿß À√◊Õ„™â PEEP √à«¡¥â«¬ ‡¡◊ËÕª≈¥®“°‡§√◊ËÕß™à«¬À“¬„® ®–‡°‘¥ hy-
poxemia ‰¥â„π∑—π∑’ ‡ªìπº≈„Àâ‡°‘¥ cardiac arrest ‰¥â 

- „πºŸâªÉ«¬∑’Ë„™â PEEP >15 cmH2O ¡’√“¬ß“π«à“ °“√≈¥ PEEP ≈ß∑—π∑’ ∑”„Àâ‡°‘¥ brady-
cardia ·≈– asystole ‰¥â ·¡â®–¬—ß‰¡à¡’ hypoxemia °Áµ“¡ ‡™◊ËÕ«à“‡ªìπ vagal reflex 

®“°‡Àµÿº≈∑’Ë°≈à“«¡“π’È  √ÿª‰¥â —ÈπÊ «à“ °“√ª≈¥‡§√◊ËÕß™à«¬À“¬„®‡æ◊ËÕ«—¥ CVP ‡ªìπ°“√°√–∑”∑’Ë
‰¡à¡’ª√–‚¬™πå ∑”„Àâ¬‘Ëß«—¥‰¥â§à“º‘¥‰ª ·≈–∑”„ÀâºŸâªÉ«¬‡ ’Ë¬ßµ“¬¡“°¢÷Èπ 

6. °“√¥Ÿ«à“ §à“ CVP ∑’Ë«—¥‰¥â ‡™◊ËÕ∂◊Õ‰¥â®√‘ß „ÀâÕ“»—¬À≈—°∞“πµàÕ‰ªπ’È 

6.1 Bed side evaluation 

1. Free flow from aspiration §◊Õ ¥Ÿ¥‡≈◊Õ¥°≈—∫‰¥â free ‰¡àÀ¬ÿ¥‡ªìπ™à«ßÊ ´÷ËßÕ“®∫àß«à“ 
ª≈“¬‰¡à‰¥âÕ¬Ÿà„π central vein À√◊Õ¡’ blood clot ‡ªìπ flap valve 

2. Rapid falling water column √–¥—∫πÈ”µ°≈ß¡“‡√Á« ∫àß«à“§«“¡µâ“π∑“ππâÕ¬ 

3. Fluctuation with respiration ∫àß intrathoracic placement 

4. No fluctuation with heart beat ∫àß«à“‰¡àÕ¬Ÿà„π right ventricle 

5. Small oscillation at top of the water column §◊Õ ‡ÀÁπ§≈◊Ëπæ√‘È«¢Õß right atrial 
pressure 

§«√ª√–‡¡‘πµ—Èß·µà·√°∑” ·≈–µ√«® Õ∫µ“¡π’È∑ÿ°«—π °“√¥Ÿ«à“πÈ”‡°≈◊Õ‰À≈‡¢â“‰¥â¥’Õ¬à“ß‡¥’¬« 
‰¡à‡æ’¬ßæÕ ”À√—∫°“√ª√–‡¡‘π§«“¡‡™◊ËÕ∂◊Õ‰¥â¢Õß central line 

6.2 µàÕ transducer ¥ pressure tracing «à“‡ªìπ CVP À√◊Õ RAP waveform 

6.3 X-ray À√◊Õ fluoroscopy ¥Ÿµ”·Àπàßª≈“¬ “¬ ‰¡à§«√µË”®“°‡ âπ∑’Ë≈“°√–À«à“ß head of
clavicle ‡°‘π 2 ´¡. À√◊Õ‰¡à§«√µË”°«à“ carina ·≈–‰¡à§«√Õ¬Ÿà‡°‘π medial third ¢Õß clavicle 
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°“√µ‘¥µ“¡ ¿“«–¢ÕßºŸâªÉ«¬‚¥¬ Pulmonary Artery Catheter 

°“√ Õ¥ “¬ «π‡¢â“‰ª„π pulmonary artery ‡æ◊ËÕ„™âª√–‚¬™πåµà“ßÊ ¥—ßπ’È 

1. «—¥§«“¡¥—π„π pulmonary circulation ‰¥â·°à PA pressure, PCWP 

2. ¥Ÿ¥ mixed venous blood ‡æ◊ËÕÀ“ blood gas 

3. À“ cardiac output 

°“√„ à PA catheter ‡æ◊ËÕª√–‡¡‘π PCWP „™â„π°√≥’∑’Ë‰¡à “¡“√∂„™â CVP ·∑π PCWP ‰¥â ¥—ß‰¥â°≈à“« 
¡“·≈â« ·µà°ÁµâÕß§”π÷ß∂÷ßªí®®—¬∑’Ë®–∑”„Àâ §à“ PCWP „™âª√–‡¡‘π LV preload ·∑π LVDEV ‰¥â¥â«¬ °≈à“«§◊Õ 
®–„™â LVEDP ·∑π LVEDV ‰¥â°ÁµàÕ‡¡◊ËÕ‰¡à¡’°“√‡ª≈’Ë¬π·ª≈ß¢Õß LV compliance ·≈– juxtacardiac pressure 
(intrapleural pressure, cardiac tamponade) °“√®–„™â LAP ·∑π LVEDP ‰¥â°ÁµàÕ‡¡◊ËÕ mitral valve function 
ª°µ‘ ·≈–‰¡à¡’ aortic regurgitation ´÷Ëß®–∑”„Àâ mitral valve ªî¥°àÕπ°”Àπ¥ §«“¡ —¡æ—π∏å√–À«à“ß pulmo-
nary venous pressure ·≈– LAP ®–º‘¥ª°µ‘‰ª„π°√≥’∑’Ë¡’°“√°¥À√◊ÕÕÿ¥°—Èπ pulmonary vein ‡™àπ®“° medi-
astinal fibrosis, atrial myxoma, thoracic tumor À√◊ÕÕ‘∑∏‘æ≈®“° intrathoracic (intrapleural) pressure
∑’Ë ŸßÀ√◊ÕµË”‡°‘π‰ª  à«π°“√®–„™â pulmonary capillary wedge pressure (PCWP) ·∑π pulmonary venous 
pressure ‰¥â °ÁµàÕ‡¡◊ËÕ‡ªìπ°“√«—¥∑’Ë‡°‘¥¢÷Èπ„π PA ∑’ËÕ¬Ÿà„π zone 3 µ“¡°“√·∫àß¢Õß West (§◊Õ  ‡ªìπ∫√‘‡«≥∑’Ë 
§«“¡¥—π„π PA > PV > Palv) ¥—ßπ—Èπ ®÷ß‰¡àÕ“®„™â PAOP ·∑π PVP À√◊Õ LAP ‰¥â„π°√≥’∑’Ëª≈“¬ catheter 
Õ¬Ÿà Ÿß°«à“√–¥—∫ pulmonary artery À√◊Õ°√≥’∑’Ë alveolar pressure ¡’§à“ Ÿß ‡™àπ „™â PEEP √–¥—∫ Ÿß (‡™àπ >10-
15 mmHg) À√◊Õ„π°√≥’∑’Ë pulmonary venous pressure µË”¡“° ‡™àπ®“° severe hypovolemia, sepsis 
πÕ°®“°æ‘®“√≥“ªí®®—¬‡À≈à“π’È·≈â« ¬—ß¡’ ‘Ëß∫àß™’È∑’Ë∫àß«à“„™â PCWP ·∑π LVEDP ‰¥â §◊Õ PA waveform ¢≥–∑’Ë 
balloon inflate Õ¬Ÿà æ∫¡’ a wave ·≈– v wave ¢Õß LAP, PCWP ∑’Ë«—¥‰¥â¡’§à“µË”«à“ mean PA pressure, 
¥Ÿ¥‡≈◊Õ¥ºà“π distal port ¢Õß PA catheter ¢≥–∑’Ë balloon inflate Õ¬Ÿà‰¥â ·≈– PaO2 ¢Õß‡≈◊Õ¥∑’Ë¥Ÿ¥‰¥â Ÿß°«à“ 
PaO2 ¢Õß arterial blood, À“§«“¡ —¡æ—π∏å√–À«à“ß PCWP °—∫ LVEDV ∑Ëª√–‡¡‘π‚¥¬ radionuclide angiography ’

‡§√◊ËÕßµ√«®À—«„®¥â«¬§≈◊Ëπ‡ ’¬ß (Echocardiography)

∑’Ë„™â°—π„πªí®®ÿ∫—π¬—ß§ß‡ªìπ‡ªìπ‡§√◊ËÕß«—¥À√◊Õª√–‡¡‘π‡ªìπ§√—ÈßÊ ¬—ß‰¡à “¡“√∂‡√’¬°‰¥â«à“‡ªìπ monitor ·µà 
‡ªìπÕÿª°√≥å∑’Ë¡’ª√–‚¬™πå¡“°„π°“√ª√–‡¡‘π ¿“«–¢ÕßÀ—«„® ‚¥¬ “¡“√∂„™âª√–‡¡‘π ‘Ëßµà“ßÊ ¥—ßµàÕ‰ªπ’È 

1. §«“¡¥—π (pressure) µà“ßÊ ‰¥â·°à RAP, CVP, PAP, LAP, LVEDP 

2. æ◊Èπ∑’ËÀπâ“µ—¥¢Õß≈‘ÈπÀ—«„® (valve area) ·≈–§«“¡·µ°µà“ß¢Õß§«“¡¥—π·µà≈–¢â“ß¢Õß≈‘ÈπÀ—«„® 

3. ª√‘¡“≥°“√‰À≈¢Õß‡≈◊Õ¥ (volumetric blood flow) ‰¥â·°à 

3.1 Stroke volume ·≈– cardiac output 

3.2 Shunt flow (volume) 

3.3 Regurgitant flow (volume) 

4. Àπâ“∑’Ë°“√∑”ß“π¢ÕßÀ—«„®ÀâÕß≈à“ß (ventricular function) 
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4.1 Systolic function ‚¥¬ª√–‡¡‘π®“° wall motion ·≈– ejection fraction (EF) 

4.2 Diastolic function ‚¥¬¥Ÿ°“√§≈“¬µ—«∑’Ëº‘¥ª°µ‘ ́ ÷Ëß “¡“√∂·∫àß√–¥—∫§«“¡√ÿπ·√ß‡ªìπ 4 grade 

°“√„™â‡§√◊ËÕßµ‘¥µ“¡ ¿“«–¢Õß√–∫∫À“¬„® (Respiratory Monitoring)
ºŸâªÉ«¬∑’Ë¡’‚√§À√◊Õ¿“«–∑’Ë∑”„Àâ‡°‘¥¿“«–À“¬„®≈â¡‡À≈« (respiratory failure) ‰¥â ®”‡ªìπµâÕß‰¥â√—∫°“√ 

ËÕªÑÕß°—π¿“«–À“¬„®≈â¡‡À≈« ◊√—°…“æ¬“∏‘ ¿“æµâπ‡Àµÿ √à«¡°—∫„™â°“√∫”∫—¥∑“ß√–∫∫À“¬„® (respiratory care) ‡æ

°“√∫”∫—¥∑“ß√–∫∫À“¬„® ª√–°Õ∫¥â«¬ 

1. °“√¥Ÿ·≈∑“ß‡¥‘πÀ“¬„® (airway care) ‡æ◊ËÕ„Àâ∑“ß‡¥‘πÀ“¬„®‚≈àßµ≈Õ¥‡«≈“ 

2. °“√√—°…“Õπ“¡—¬¢ÕßÀ≈Õ¥≈¡ (bronchial hygiene therapy) ‡æ◊ËÕªÑÕß°—π°“√§—Ëß§â“ß¢Õß‡ ¡À– ·≈–
ªÑÕß°—π¿“«–∂ÿß≈¡ªÕ¥·ø∫ (atelectasis) 

3. °“√∫”∫—¥¥â«¬ÕÕ°´‘‡®π (oxygen therapy) ‡æ◊ËÕ‡æ‘Ë¡·√ß¥—π„π°“√·æ√àºà“π¢ÕßÕÕ°´‘‡®π√–À«à“ß
∂ÿß≈¡ªÕ¥·≈–‡≈◊Õ¥∑’Ë¡“√—∫°“√øÕ° 

4. °“√ª√—∫§«“¡¥—π„π∑“ß‡¥‘πÀ“¬„® (airway pressure therapy) ‡æ◊ËÕ§«∫§ÿ¡°“√‡§≈◊ËÕπ∑’Ë¢Õß°ä“´ 
Ëßπ‘¬¡∑”‚¥¬„™÷„π°“√À“¬„® ́º’ËÈπ‰¥â¥’·≈–≈¥ß“π∑÷Ë¬π°ä“´‡°‘¥¢’ËÕ„Àâ°“√·≈°‡ª≈◊‡¢â“·≈–ÕÕ°®“°ªÕ¥ ‡æ ŸâªÉ«¬µâÕß„™â â 

‡§√◊ËÕß™à«¬À“¬„® (mechanical ventilator) 

‚¥¬®–„™â«‘∏’°“√„¥∫â“ß Õ¬à“ß‡¢â¡ß«¥‡æ’¬ß„¥ ¢÷Èπ°—∫§«“¡√ÿπ·√ß¢Õßæ¬“∏‘ ¿“æ·≈–æ¬“∏‘ √’√«‘∑¬“∑’Ëæ∫
·≈–∑’Ë‡ª≈’Ë¬π·ª≈ß‰ªµ≈Õ¥√–¬–‡«≈“∑’Ë√—°…“ 

·µà·¡â«à“®–æ¬“¬“¡ªÑÕß°—π‡µÁ¡∑’Ë ¿“«–À“¬„®≈â¡‡À≈« (´÷Ëß«‘π‘®©—¬‚¥¬§à“ PaO2 < 60 ¡¡.ª√Õ∑ À√◊Õ 
PaCO2 > 50 ¡¡.ª√Õ∑) °ÁÕ“®®–‡°‘¥¢÷Èπ‰¥â ́ ÷Ëß∑”„ÀâµâÕß„™â‡§√◊ËÕß™à«¬À“¬„® °“√‡ΩÑ“√–«—ßºŸâªÉ«¬‡æ◊ËÕ«‘π‘®©—¬¿“«–

Ë®–ª≈àÕ¬ ’ËÕß™à«¬À“¬„®‰¥â‡√Á«°«à“∑◊„°≈â®–À“¬„®≈â¡‡À≈« (impending respiratory failure) ∑”„Àâ‡√“ “¡“√∂„™â‡§√
„ÀâºŸâªÉ«¬‡°‘¥ hypoxemia À√◊Õ hypercapnia À√◊Õ∂÷ß¢—Èπ air hunger À√◊ÕÀ¬ÿ¥À“¬„® 

∂â“„™â‡§√◊ËÕß™à«¬À“¬„®Õ¬à“ß∂Ÿ°µâÕß‡À¡“– ¡ ®– “¡“√∂∑”„ÀâÀ“¬®“° hypoxemia ·≈– hypercap-
nia ·≈–ºŸâªÉ«¬À“¬„® ∫“¬¢÷Èπ®“°°“√∑’Ë°≈â“¡‡π◊ÈÕÀ“¬„®‰¥â√—∫°“√™à«¬∑”ß“π ·µà∂â“™à«¬À“¬„®‰¡à∂Ÿ°µâÕßÀ√◊Õ‰¡à 
‡À¡“– ¡ §à“ PaO2 ·≈– PaCO2 °Á®–‰¡à‰¥â¥’‡∑à“∑’Ë§«√®–‡ªìπ ·≈–°≈â“¡‡π◊ÈÕÀ“¬„®Õ“®µâÕß∑”ß“π¡“°¢÷Èπ‡À¡◊Õπ
¡’‡§√◊ËÕß∂à«ß°“√À“¬„®Õ¬Ÿà°Á‡ªìπ‰¥â πÕ°®“°π’È¬—ß∑”„Àâ‡ ’Ë¬ßµàÕ¿“«–·∑√°´âÕπ‡™àπ Õ—πµ√“¬µàÕªÕ¥®“°°“√„™â
ª√‘¡“µ√¡“°‡°‘π‰ª (pulmonary volutrauma) À√◊Õ§«“¡¥—π¡“°‡°‘π‰ª (pulmonary barotrauma) À√◊Õ°¥
°“√∑”ß“π¢Õß√–∫∫‰À≈‡«’¬π‡≈◊Õ¥ ‡ªìπµâπ ®÷ß®”‡ªìπµâÕßªÑÕß°—π¿“«–·∑√° ấÕπ‡À≈à“π’È ‚¥¬Õ“®¬Õ¡„Àâ§à“ PaO2 

µË”·≈– PaCO2  Ÿßº‘¥ª°µ‘ (permissive hypercapnia) ‰¥â„π√–¥—∫∑’Ë‰¡à∑”„Àâ‡°‘¥Õ—πµ√“¬µàÕ™’«‘µºŸâªÉ«¬ ∂â“∑” 
¥—ßπ’È·≈â«¬—ß‰¡à “¡“√∂‰¥â§à“ PaO2 ·≈– PaCO2 ∑’Ë®–¥”√ß™’«‘µºŸâªÉ«¬‰¥â °ÁµâÕß„™â artificial gas exchange À√◊Õ 
lung transplantation 

®“°§«“¡√Ÿâæ◊Èπ∞“π∑’Ë°≈à“«¡“π’È ∑”„Àâ‡√“∑√“∫«à“ºŸâªÉ«¬‚√§√–∫∫À“¬„®§«√‰¥â√—∫°“√‡ΩÑ“√–«—ßÀ√◊Õµ‘¥µ“¡
 ¿“«–µà“ßÊ µàÕ‰ªπ’È 
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1. °“√‡ª≈’Ë¬π·ª≈ß¢Õßæ¬“∏‘ ¿“æ¢ÕßªÕ¥ ‚¥¬¥Ÿ®“°¿“æ‡Õ°´‡√¬åªÕ¥ (chest X-ray) À√◊Õ°“√°“√
µ√«®√à“ß°“¬√–∫∫À“¬„® ´÷ËßµâÕß∑”‡ªìπ√–¬– 

2. °“√∑”ß“π¢ÕßªÕ¥ ·≈–°”≈—ß ”√Õß (pulmonary function and reserve) ́ ÷Ëß‡∑à“°—∫ª√–‡¡‘πæ¬“∏‘ 
 √’√«‘∑¬“ «à“ªÕ¥∑”ß“πº‘¥ª°µ‘Õ¬à“ß‰√ ·≈–¡“°πâÕ¬‡æ’¬ß„¥ ‚¥¬ª√–‡¡‘πÀπâ“∑’Ë∑—Èß 2 ª√–°“√§◊Õ 

2.1 Gas exchange (oxygenation) function & reserve °“√·≈°‡ª≈’Ë¬π°ä“´ºà“π alvelar-capil-
lary membrane ‡ªìπ¢∫«π°“√∑’Ë‡°‘¥¢÷Èπµ“¡·√ß¥—π‚¥¬‰¡àµâÕß„™âæ≈—ßß“π„¥ (passive process) ª√– ‘∑∏‘¿“æ 
„π°“√·≈°‡ª≈’Ë¬π°ä“´¥Ÿ‰¥âßà“¬Ê «à“„™â FIO2 ‡∑à“‰√·≈â«‰¥â PaO2 ‡∑à“‰√ ºŸâªÉ«¬∑’Ë„™â FIO2 > 0.5 ·≈â«§à“ PaO2 ¬—ß 
< 60 ¡¡.ª√Õ∑ ∂◊Õ«à“§«“¡º‘¥ª°µ‘√ÿπ·√ß¡“°‡∑’¬∫‡∑à“°—∫¡’‡≈◊Õ¥∑’Ë‰¡à ‰¥â√—∫°“√·≈°‡ª≈’Ë¬π°ä“´ (shunt) 
¡“°°«à“ 20% ‡ªìπ¢âÕ∫àß™’È¢Õß°“√„™â‡§√◊ËÕß™à«¬À“¬„®‡æ◊ËÕ™à«¬≈¥ shunt §à“µà“ßÊ ∑’Ë„™âª√–‡¡‘π‰¥â·°à PaO2/ 
FIO2 (P/F ratio), alveolar-arterial oxygen difference (A-a gradient À√◊Õ A-aDO2), PaO2/PAO2 (a/A ratio),
À√◊Õ§”π«≥ % shunt ®“° iso-shunt diagram À√◊Õ®“° Ÿµ√ [Qs/Qt = (CcO2 - CaO2)/(CcO2 - CvO2)] °Á
≈â«π„™âÀ≈—°°“√‡ª√’¬∫‡∑’¬∫ FIO2 ·≈– PaO2 ·≈–∑ÿ°§à“µâÕß∑√“∫ PaO2 ∑—Èß ‘Èπ ∫“ß§à“µâÕß§”π«≥ PAO2 ·≈– 
∫“ß§à“µâÕß„ à pulmonary artery catheter ‡æ◊ËÕÀ“ mixed venous blood gas ·≈â«®÷ßπ”¡“§”π«≥ ´÷Ëß¡—° 
‰¡à‰¥â„™â„π∑“ßªØ‘∫—µ‘ ·¡â°“√‡®“– arterial blood gas (ABG) ‡æ◊ËÕÀ“ PaO2 °Á¬—ß‰¡à§àÕ¬‰¥âªØ‘∫—µ‘°—π °“√„™â 
pulse oximeter ‡æ◊ËÕÀ“ SpO2 ´÷Ëß„™â·∑π SaO2 ·≈â«‡∑’¬∫°≈—∫‡ªìπ PaO2 ¡’ª√–‚¬™πå‡©æ“–™à«ß∑’Ë PaO2 µË”
·≈–µâÕß§”π÷ß∂÷ßªí®®—¬À≈“¬Õ¬à“ß∑’Ë∑”„Àâ§«“¡ —¡æ—π∏å √–À«à“ß SpO2, SaO2 ·≈– PaO2 º‘¥ª°µ‘‰ª 

2.2 Ventilatory function & reserve §◊Õ§«“¡ “¡“√∂„π°“√À“¬„®‡Õ“°ä“´‡¢â“·≈–ÕÕ°®“°ªÕ¥ 
ª√–‡¡‘π®“°À—«¢âÕµà“ßÊ ¥—ßπ’È 

2.2.1 Ventilatory status §◊Õ º≈√«¡¢Õß°“√√–∫“¬Õ“°“» ´÷Ëß·ª√º°º—π°—∫§à“ PaCO2 ¥—ßπ—Èπ 
®÷ß„™â§à“ PaCO2 ∫àß ventilatory status ∂â“§à“ PaCO2  Ÿß¢÷ÈπÊ ‚¥¬‰¡à‰¥â‡°‘¥®“°§«“¡æ¬“¬“¡™¥‡™¬¿“«– 
metabolic alkalosis ∂◊Õ«à“ ventilatory reserve µË”≈ß ∂â“ PaCO2 > 50 ¡¡.ª√Õ∑ ‚¥¬æ∫√à«¡°—∫ respiratory
acidosis ∫àß«à“ reserve À¡¥ À√◊Õ ventilatory failure 

§à“ PaCO2 À“‰¥â®“° ABG ‡∑à“π—Èπ ‰¡à¡’°“√µ√«®Õ◊Ëπ„¥∫Õ°‰¥â  à«π end-tidal CO2 

monitor Õ“®„™â·∑π PaCO2 ‰¥â√–¥—∫Àπ÷Ëß ¥—ß®–‰¥â°≈à“«µàÕ‰ª 

2.2.2 Ventilatory mechanics ‰¥â·°àª√‘¡“µ√·≈–§«“¡®ÿµà“ßÊ ¢ÕßªÕ¥ ‡™àπ tidal volume, 
vital capacity, FRC √«¡∂÷ß§«“¡µâ“π∑“π°“√¢¬“¬ªÕ¥ ´÷Ëß‰¥â·°à compliance ·≈– resistance 

2.2.3 Neuromuscular capability ‡ªìπ§«“¡ “¡“√∂¢Õß√–∫∫ª√– “∑·≈–°≈â“¡‡πÈÕ„π°“√∑”„À
∑√«ßÕ°¢¬“¬‡æ◊ËÕπ”°ä“´‡¢â“ªÕ¥ ‚¥¬ª√–‡¡‘π®“° ventilatory drive (rate and rhythm, hypercapnic aug-
mentation of P0.1), respiratory muscle strength (NIF), ‰¡à¡’Õ“°“√· ¥ß¢Õß respiratory muscle fatigue 
(ventilatory discoordination, VT/VC ratio, PI/Pimax, IEQ, rib cage-abdominal motion, maximal com-
partmental amplitude to tidal volume ratio, breath-to-breath variation of rib cage to tidal volume 
ratio) 

2.2.4 Ventilatory demand §◊Õ§«“¡µâÕß°“√°“√√–∫“¬Õ“°“» ́ ÷Ëßª√–‡¡‘π®“° minute venti-
lation for normocapnia (VE40), VD/VT, P0.1, mean inspiratory flow (VT/Tin) 

◊ â
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2.2.5 Ventilatory reserve §◊Õ§«“¡ “¡“√∂„π°“√‡æ‘Ë¡°“√À“¬„®‰¥â¡“°πâÕ¬‡æ’¬ß„¥ ª√–‡¡‘π 
®“° MVV, RR, ·≈– RSBI 

°“√µ‘¥µ“¡ ¿“«–°“√∑”ß“π·≈–°”≈—ß ”√Õß¢ÕßªÕ¥π’È „™â‡ªìπ·π«∑“ß„π°“√‡≈◊Õ°«‘∏’°“√∫”∫—¥∑“ß
ËÕ®–‰¥â‡√‘ ËÕß™à«¬À“¬„® √«¡∑—√–∫∫À“¬„® «‘π‘®©—¬¿“«–„°≈â®–À“¬„®≈â¡‡À≈«‡æ◊ Ë¡„™â‡§√◊ Èßæ‘®“√≥“«à“¢âÕ∫àß™’È 

°“√À¬ÿ¥™à«¬À“¬„® 

ËÕß™à«¬À“¬„® «à“™à«¬À“¬„®‰¥â‡À¡“– ¡µ“¡∑ƒ…Æ’À√◊Õ‰¡◊
‡ªìπÕ¬à“ß‰√ ‡ ’Ë¬ßµàÕ¿“«–·∑√°´âÕπ¢Õß°“√„™â‡§√◊ËÕß™à«¬À“¬„®¡“°πâÕ¬‡æ’¬ß„¥

3. °“√∑”ß“π¢Õß‡§√ à °“√µÕ∫ πÕß¢ÕßºŸâªÉ«¬ 

4. ‡´≈≈åµà“ßÊ ‰¥â√—∫ÕÕ°´‘‡®π‡æ’¬ßæÕÀ√◊Õ‰¡à (tissue oxygenation state)  ¿“«–ÕÕ°´‘‡®π¢Õß‡´≈≈å
‡ªìπº≈ß“π√à«¡¢Õß∑—Èß√–∫∫°“√‰À≈‡«’¬π‡≈◊Õ¥ ·≈–√–∫∫À“¬„® °“√„™â‡§√◊ËÕß™à«¬À“¬„®‡æ◊ËÕæ¬“¬“¡‡æ‘Ë¡ PaO2 

Õ“®∑”„Àâ CO ≈¥≈ß®π∑”„Àâ tissue oxygenation ·¬à≈ß‰¥â À“°‰¡àµ‘¥µ“¡ ¿“«–ÕÕ° ‘́‡®π¢Õß‡´≈≈å°Á‰¡à “¡“√∂ 
„Àâ°“√√—°…“∑’Ë∂Ÿ°µâÕß‰¥â 

¡“µ√∞“π°“√¥Ÿ·≈ºŸâªÉ«¬∑’Ë„™â‡§√◊ËÕß™à«¬À“¬„®
 ¡“§¡‡«™∫”∫—¥«‘°ƒµ¢Õß À√—∞Õ‡¡√‘°“ ‰¥â°”Àπ¥¡“µ√∞“π°“√¥Ÿ·≈ºŸâªÉ«¬∑’Ë„™â‡§√◊ËÕß™à«¬À“¬„®2 ‚¥¬ 

µâÕß¡’π—°∫”∫—¥∑“ß√–∫∫À“¬„® (respiratory therapist) ª√–®” ICU, ¡’æ¬“∫“≈Õ¬à“ßπâÕ¬„πÕ—µ√“ 1:2, ¡’·æ∑¬å
‡©æ“–∑“ß‡«™∫”∫—¥«‘°ƒµ ÷́Ëß¡“‰¥â¿“¬„π 30 π“∑’µ≈Õ¥ 24 ™—Ë«‚¡ß  à«π°“√‡ΩÑ“√–«—ßµâÕßµ‘¥µ“¡ vital signs
Õ¬à“ßπâÕ¬∑ÿ° 1 ™¡. „π√“¬∑’Ë ¿“«–°“√À“¬„®·≈–°“√‰À≈‡«’¬π‡≈◊Õ¥‰¡à§ß∑’Ë (cardiopulmonary instability)
µâÕßµ‘¥µ“¡ ¿“«–°“√‰À≈‡«’¬π‡≈◊Õ¥ (circulation),  ¿“«–ÕÕ°´‘‡®π (oxygenation), ·≈–√–∫“¬Õ“°“»®“°
ªÕ¥ (ventilation) Õ¬à“ßµàÕ‡π◊ËÕßµ≈Õ¥‡«≈“ ́ ÷Ëß¢âÕ°”Àπ¥π’È∑”‰¥â –¥«°‚¥¬°“√„™â ECG, pulse oximetry, ·≈– 
capnography 

πÕ°®“°‡ΩÑ“√–«—ßºŸâªÉ«¬·≈â« °“√∑”ß“π¢Õß‡§√◊ËÕß™à«¬À“¬„®°ÁµâÕß‰¥â√—∫°“√‡ΩÑ“√–«—ß¥â«¬ ‰¥â·°à 

- §«“¡º‘¥ª°µ‘¢Õß‡§√◊ËÕß·≈–«ß®√À“¬„® ‡™àπ power failure, O2 failure, circuit disconnect, tube 
displacement, airway obstruction, FIO2 

- ºŸâªÉ«¬‰¥â√—∫°“√™à«¬µ“¡§à“µà“ßÊ ∑’Ë‡√“µ—Èß‰«âÀ√◊Õ‰¡à ‡™àπ tidal volume ∑’ËÀ“¬„®ÕÕ° (exhaled tidal 
volume) ´÷Ëß∂◊Õ‡ªìπ tidal volume ∑’Ë‰¥â√—∫®√‘ß ‰¡à‡∑à“°—∫ tidal volume ∑’Ëµ—Èß (set tidal volume) 

- §à“∑’Ë‡ªìπº≈≈—æ∏å À√◊Õ°“√µÕ∫ πÕß¢ÕßºŸâªÉ«¬‡ªìπÕ¬à“ß‰√ 

- ‰¥âº≈µ“¡«—µ∂ÿª√– ß§åÀ√◊Õ‰¡à 

- ‡ ’Ë¬ßÕ—πµ√“¬À√◊Õ‰¡à ‡™àπ µ‘¥µ“¡ peak alveolar pressure ‡æ◊ËÕ‰¡à„Àâ Ÿß‡°‘π§à“Õ—πµ√“¬ ´÷Ëß‰¥â·°à 
35-40 ´¡.πÈ” ‚¥¬µâÕß∑√“∫«à“ peak alveolar pressure ‰¡à “¡“√∂ª√–‡¡‘π‰¥â®“° peak airway pressure 
·µàµâÕß„™â plateau airway pressure 

‡§√◊ËÕßµ‘¥µ“¡§«“¡Õ‘Ë¡µ—«¢ÕßŒ’‚¡‚°≈∫‘π‚¥¬«—¥®“°™’æ®√ (Pulse Oximeter)
Oximetry §◊Õ °“√«—¥ oxy-hemoglobin ‚¥¬„™âÀ≈—°°“√∑’Ë«à“ oxygenated blood ·≈– deoxyge-

nated blood ¥Ÿ¥· ß∑’Ë¡’§«“¡¬“«§≈◊Ëπµà“ß°—π ‡¡◊ËÕ„Àâ· ß§«“¡¬“«§≈◊Ëπµà“ßÊ °—πºà“π‡≈◊Õ¥ ‡≈◊Õ¥∑’Ë¡’ oxy-Hb 
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Ëπµà“ßÊ ‰«â¡“°πâÕ¬µà“ß°—π  “¡“√∂π”¡“§”π«≥À“ª√‘¡“≥ oxy-
Hb ‡ªìπ√âÕ¬≈–‡¡◊ËÕ‡∑’¬∫°—∫ Hb ∑’Ë‰¡à¡’ oxygen ‡√’¬°‰¥â«à“‡ªìπ°“√À“ hemoglobin saturation of oxygen 
π—Ëπ‡Õß 

Co-oximeter „π‡§√◊ËÕß«‘‡§√“–Àå blood gas „™â· ß∑’Ë¡’§«“¡¬“«§≈◊Ëπµà“ßÊ °—π 4 §«“¡¬“«§≈◊Ëπ ®÷ß
 “¡“√∂§”π«≥√âÕ¬≈–¢Õß oxy-Hb ‡¡◊ËÕ‡∑’¬∫°—∫ Hb ∑’Ë ”§—≠ 4 Õ¬à“ß„π‡≈◊Õ¥ §à“∑’Ë‰¥â‡√’¬° arterial oxygen 
saturation À√◊Õ SaO2 

Non-pulse ear oximetry ‡ªìπ°“√«—¥ oxy-Hb „π arterialized capillary blood „™â· ß∂÷ß 8 §«“¡ 
¬“«§≈◊Ëπ‡æ√“–µâÕß·¬°°“√¥Ÿ¥· ß¢Õß venous blood, skin, cartilage, bone, ·≈–‡π◊ÈÕ‡¬◊ËÕÕ◊ËπÊ response 
time ™â“°«à“ pulse oximetry ·≈–µâÕß„Àâ¡’ vasodilatation Õ¬à“ß¡“°®÷ß∑”„Àâ capillary blood §≈â“¬ arterial 
blood ¡‘©–π—Èπ®–«—¥‰¥âµË”°«à“§«“¡‡ªìπ®√‘ß ‡æ√“–¡’ à«π¢Õß venous blood ®”π«π¡“° πÕ°®“°π’È¬—ß∂Ÿ°√∫°«π 
‚¥¬ ’º‘« §«“¡∂Ÿ°µâÕßπà“‡™◊ËÕ∂◊Õ‰¡à¥’π—° ªí®®ÿ∫—π‰¡àº≈‘µ·≈â« 

Pulse oximeter „™â oximetry √à«¡°—∫ plethysmography ®÷ß “¡“√∂®—∫™’æ®√ (pulse wave) ·≈–«—¥ 
‡©æ“–™à«ß∑’Ë™’æ®√‡µâπ ´÷Ëß∂◊Õ«à“‡ªìπ arterial blood ®÷ß‡™◊ËÕ∂◊Õ‰¥â¡“°°«à“ non-pulse oximetry ‡√’¬°§à“∑’Ë«—¥‰¥â
«à“ pulse oxygen saturation À√◊Õ SpO2 ·µà¢âÕ®”°—¥§◊Õ„™â· ß‡æ’¬ß 2 §«“¡¬“«§≈◊Ëπ∑”„Àâ§à“∑’Ë«—¥‰¥â ‡ªìπ√âÕ¬
≈–¢Õß oxy-Hb ‡¡◊ËÕ‡∑’¬∫°—∫ (oxy-Hb + reduced Hb) ‡∑à“π—Èπ ‚¥¬‰¡à§”π÷ß∂÷ß Hb ™π‘¥Õ◊Ëπ∑’Ë‰¡à‰¥âπ”ÕÕ°´‘‡®π 
®÷ßÕ“®‡√’¬°«à“ functional Hb saturation ∂â“„π√à“ß°“¬¡’ Hb ™π‘¥Õ◊Ëπ‡™àπ met-hemoglobin, carboxy-
hemoglobin ¡“°®–∑”„Àâ§à“ SpO2 ‰¡àµ√ß°—∫ SaO2 ‡π◊ËÕß®“° SaO2 ‡ªìπ√âÕ¬≈–¢Õß oxy-Hb ‡¡◊ËÕ‡∑’¬∫°—∫ 
(oxy-Hb + reduced Hb + met-Hb + CO-Hb) ´÷Ëß‡√’¬°«à“‡ªìπ fractional Hb saturation 

Probe ¢Õß pulse oximetry Õ“®Àπ’∫∑’Ëπ‘È« À√◊Õµ‘ËßÀŸ ·µàªí®®ÿ∫—π¡’ sensor ∑’Ë„™â‡∑§π‘§ light reflec-
tance ·≈– light transmission ®÷ß‰¡àµâÕß°“√°“√Àπ’∫‰«â√–À«à“ß‡π◊ÈÕ‡¬◊ËÕ  “¡“√∂„™â«“ß∫πº‘«Àπ—ß ‡™àπ ster-
num, Àπâ“º“°, À√◊Õ®¡Ÿ° ‰¥â 

§«“¡‡™◊ËÕ∂◊Õ‰¥â æ∫«à“§à“ SpO2 ∑’Ë«—¥‰¥â„π™à«ß 80-100% ¡’§«“¡º‘¥æ≈“¥ +2% „π™à«ß 70-80% ¡’ 
§«“¡º‘¥æ≈“¥ + 3-5% „π™à«ß < 70% saturation ‰¡à§«√‡™◊ËÕ∂◊Õ 

ªí®®—¬∑’Ë∑”„Àâ§«“¡·¡àπ¬”¢Õß pulse oximeter ‡ª≈’Ë¬π‰ª ¡’¥—ßπ’È 

1. §«“¡º‘¥ª°µ‘¢Õß Hb 

1.1 Carboxy-Hb ∑”„Àâ false high ‡π◊ËÕß®“° CO-Hb ¥Ÿ¥· ß∑’Ë¡’§«“¡¬“«§≈◊Ëπ„°≈â‡§’¬ß°—∫ oxy-
Hb ¡“°°«à“ ‡§√◊ËÕß®÷ß√“¬ß“π«à“¡’ SpO2  Ÿß 

1.2 Met-Hb ¥Ÿ¥· ß‰¥â¥’∑—Èß 2 §«“¡¬“«§≈◊Ëπ ∑”„Àâ‡§√◊ËÕß√—∫√Ÿâ«à“ ¡’ oxy-Hb ·≈– reduced Hb
æÕÊ °—π §à“ absorbance ratio ®–„°≈â 1 ¡“°¢÷Èπ ‡§√◊ËÕß®÷ß¡’·π«‚πâ¡®–√“¬ß“π§à“ SpO2 ÕÕ°¡“„°≈âÊ 85%
¥—ßπ—Èπ∂â“ SaO2 ®√‘ß Ÿß°«à“ 85% °Á‡∑à“°—∫«à“§à“∑’Ë‰¥â‡ªìπ false low ·µà∂â“ ®√‘ßµË”°«à“ 85% °Á‡∑à“°—∫«à“§à“∑’Ë‰¥â 
‡ªìπ false high

1.3 Hb-F ®–¡’ SpO2 92% ∑’Ë PaO2 13 Kpa (100 mmHg) 

2.  “√¥Ÿ¥· ß„π‡≈◊Õ¥ 

¡“°πâÕ¬µà“ß°—π®–¥Ÿ¥ —́∫§≈ ◊¡’§«“¡¬“«§≈’ËËπ· ß∑◊
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2.1  “√ ’∑’Ë©’¥‡¢â“À≈Õ¥‡≈◊Õ¥ ‡™àπ methylene blue, indocyanine green, indigo-carmine ¥Ÿ¥
· ß∑’Ë 660 nm ∑”„Àâ ‰¥â§à“ false low 

2.2 Bilirubin „πºŸâªÉ«¬ jaundice ¡’√“¬ß“π«à“«—¥‰¥âµË”°«à“®√‘ß ·µà°Á¡’√“¬ß“π«à“ —¡æ—π∏å°—∫§à“∑’Ë«—¥ 
‚¥¬ co-oximeter ¥’ 

3.  “√¥Ÿ¥· ß∑’ËÕ¬Ÿà∑’Ëº‘«Àπ—ßÀ√◊Õ¿“¬πÕ° µ“¡∑ƒ…Æ’·≈â«‰¡àπà“¡’º≈ ‡æ√“–‰¡à„™àÕß§åª√–°Õ∫∑’Ë‡µâπµ“¡
™’æ®√ ·µà∂â“ “√‡À≈à“π’È¥Ÿ¥· ß‰«â¡“° ‡À≈◊Õ· ßºà“π‰ª¬—ß pulsatile element πâÕ¬ °Á∑”„Àâ«—¥‰¥â ‰¡à·πàπÕπ 

3.1  ’º‘« ‰¡à¡’º≈„π pulse oximeter ·µà°Á¡’√“¬ß“π«à“ºŸâªÉ«¬º‘«¥”¡“° ®–‰¥â false high 

3.2 ¬“∑“‡≈Á∫ ’µà“ßÊ ¥” øÑ“ ‡¢’¬« ¬—ß∫Õ°‰¡à‰¥â·πà«à“√∫°«π‡æ’¬ß„¥ ·≈–∑”„Àâ ‰¥â§à“ ŸßÀ√◊ÕµË”°«à“ 
®√‘ß 

4. · ß¿“¬πÕ°∑’Ëºà“π‡¢â“¡“ ‡™àπ fluorecent light, Xenon arc surgical light ∑”„Àâ false low 

5. °“√‡§≈◊ËÕπ‰À«  —Ëπ –‡∑◊Õπ √∫°«πµàÕ°“√§âπÀ“ pulse wave Õ“®∑”„Àâ«—¥‰¡à‰¥â 

6. ™’æ®√‰¡à·√ßæÕ ‡™àπ„π°√≥’ hypotension, shock, hypothermia, hypovolemia, vasoconstric-
tion „π¿“«–‡À≈à“π’È¡—°®–«—¥‰¡à‰¥â ·µà∂â“‡§√◊ËÕß«—¥·≈–√“¬ß“π§à“ SpO2 ‰¥â °Á‰¡à§«√‡™◊ËÕ∂◊Õ 

7. ‡§√◊ËÕß pulse oximeter ®“°·µà≈–∫√‘…—∑ ¡’«‘∏’°“√°”®—¥ artifact ·≈–°“√«‘‡§√“–Àå —≠≠“≥‰¡à‡À¡◊Õπ 
°—π ∑”„Àâ§à“∑’Ë‰¥â®“°‡§√◊ËÕß¢Õß·µà≈–∫√‘…—∑Õ“®·µ°µà“ß°—π‰¥â∫â“ß 

8. Probe ∑’Ë·πàπ‡°‘π‰ª Õ“®‡°‘¥®“°π‘È«„À≠à‡°‘π‰ª ∑”„ÀâÀ≈Õ¥‡≈◊Õ¥∂Ÿ°°¥ Õ“®∑”„Àâ§à“º‘¥‰ª 

∑’Ë„™â¢Õß pulse oximeter ‰¥â·°à 

1. „™â·∑π SaO2 ‡æ◊ËÕ∫àß∫Õ°¿“«– hypoxemia „π¿“«–∑’Ë oxyhemoglobin dissociation curve ª°µ‘ 
PaO2 80 ¡¡.ª√Õ∑ ®–‡∑’¬∫°—∫ SaO2 94%, PaO2 60 ¡¡.ª√Õ∑ ®–‡∑’¬∫°—∫ SaO2 90%, PaO2 40 ¡¡.ª√Õ∑ 
®–‡∑’¬∫°—∫ SaO2 75% ¥—ßπ—Èπ∂â“ SpO2 < 90% ∂◊Õ«à“ hypoxemia §àÕπ¢â“ß¡“°·≈â« ª√–‚¬™πå§◊Õ„™â«‘π‘®©—¬
¿“«– hypoxemia (desaturation) „π¢≥–πÕπÀ≈—∫, ¥¡¬“ ≈∫, ¥Ÿ¥‡ ¡À–, À¬ÿ¥„™â‡§√◊ËÕß™à«¬À“¬„®, À√◊Õ„™â 
‡ªìπ·π«∑“ß„π°“√ª√—∫≈¥ FIO2 „π°√≥’∑’Ë‰¡à¡’ PaO2 

µâÕß√–≈÷°‰«â«à“ SpO2 ‰¡à “¡“√∂∫àß™’È°“√‡ª≈’Ë¬π·ª≈ß¢Õß PaO2 ‰¥â¥’„π™à«ß∑’Ë PaO2 ª°µ‘À√◊Õ Ÿß
®÷ß‰¡àÕ“®·∑π PaO2 ®“° arterial blood gas ‰¥â ‡™àπ ºŸâªÉ«¬‰¥â√—∫ O2 therapy ¥â«¬ FIO2 0.4 ∂â“ªÕ¥ª°µ‘§«√ 
‰¥â PaO2 200 ¡¡.ª√Õ∑ ´÷Ëß°Á®–‰¥â§à“ SpO2 100% ∂â“ªÕ¥‡ªìπ pneumonia ‰¡à«à“§à“ PaO2 ®–‡ªìπ 100, 120, 
140, À√◊Õ 180 ¡¡.ª√Õ∑ °Á®–æ∫«à“ SpO2 · ¥ß§à“ 100% ‡∑à“°—π ®÷ß‰¡à “¡“√∂∫Õ°‰¥â«à“æ¬“∏‘ ¿“æ  √ÿπ·√ß 
‡æ’¬ß„¥

2. „™âπ—∫Õ—µ√“‡√Á«·≈–®—ßÀ«–¢Õß™’æ®√ 

3. °“√π” pulse oximeter ¡“ª√–‡¡‘π local perfusion ¢Õß·¢π¢“„π°√≥’∑’Ë¡’ vascular injury À√◊Õ 
¢÷Èπ tourniquet À√◊Õ„π°“√∑” Allenûs test ·¡â®–«—¥‰¥â ¡’ pulse wave ¢÷Èπ °Á‰¡à‰¥âÀ¡“¬§«“¡«à“ local perfusion 
‡æ’¬ßæÕ ‡æ√“– pulse oximeter  “¡“√∂ detect pulse signal ‰¥â¥â«¬ flow ‡æ’¬ß 4-8% ¢Õßª°µ‘‡∑à“π—Èπ
µà“ß°—∫ PtcO2 ´÷Ëß‰«µàÕ°“√≈¥≈ß¢Õß local perfusion ¡“° 
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‡§√◊ËÕßµ‘¥µ“¡§«“¡¥—π°ä“´§“√å∫Õπ‰¥ÕÕ°‰´¥å„π≈¡À“¬„®ÕÕ° (P
ET
CO )

2

°“√«—¥§«“¡¥—π¢Õß CO2 ‡√’¬° capnometry ∂â“«—¥µàÕ‡πËÕß°—π‰ª·≈â«‡¢’¬π‡ªìπ°√“ø‡√’¬° capno-graphy ◊
√Ÿª°√“ø∑’Ë‰¥â‡√’¬°«à“ capnogram √Ÿª√à“ß¢Õß capnogram ∑’Ëº‘¥ª°µ‘‰ª®–∫àß¿“«–§«“¡º‘¥ª°µ‘„π°“√À“¬„®
À≈“¬Õ¬à“ß∑’Ë®–‰¥â°≈à“«µàÕ‰ª §à“ PCO2 ∑’Ë®ÿ¥ ÿ¥∑â“¬¢Õß≈¡À“¬„®ÕÕ° ‡√’¬° end-tidal PCO2 (PETCO2) ́ ÷Ëß¡’§à“ 
‡∑à“°—∫ alveolar PCO2 (PACO2) ·≈–‚¥¬‡Àµÿ∑’Ë diffusion ¢Õß CO2 ¥’¡“°®π∑”„Àâ§à“ PaCO2 ·≈– PACO2 ·µ°
µà“ß°—ππâÕ¬¡“° ®÷ß “¡“√∂„™â PETCO2 ‡æ◊ËÕ∫àß™’È PaCO2 ‰¥â 

∑’Ë„™â¢Õß capnographic monitoring ‰¥â·°à 

1. „™âµ‘¥µ“¡¿“«–°“√√–∫“¬Õ“°“»¢ÕßªÕ¥ (pulmonary ventilation) ‚¥¬∫Õ°‰¥â«à“ ‰¡à¡’ ventila-
tion À√◊Õ hypoventilation À√◊Õ hyperventilation °≈à“«§◊Õ„™â PETCO2 ‡æ◊ËÕ∫àß§à“ PaCO2 ·µà„πºŸâªÉ«¬∑’Ë¡’§«“¡ 
º‘¥ª°µ‘¢ÕßªÕ¥ §«“¡·µ°µà“ß√–À«à“ß PaCO2 ·≈– PACO2 ¡“°¢÷Èπ ∑”„Àâ PETCO2  —¡æ—π∏å°—∫ PaCO2 πâÕ¬≈ß 
µâÕßÀ¡—Ëπµ√«® Õ∫§«“¡ —¡æ—π∏å‚¥¬‡®“– arterial blood gas ‡∑’¬∫ ·µàÕ¬à“ß‰√°Áµ“¡ ∂â“µâÕß°“√¥Ÿ·π«‚πâ¡ 
°“√‡ª≈’Ë¬π·ª≈ß¢Õß PaCO2 °Á¬—ß “¡“√∂¥Ÿ®“°°“√‡ª≈’Ë¬π·ª≈ß¢Õß PETCO2 ‰¥â 

2. „™âµ‘¥µ“¡§«“¡º‘¥ª°µ‘¢ÕßÕ—µ√“°“√À“¬„® ·≈–®—ßÀ«–°“√À“¬„® 

3. „™â«‘π‘®©—¬¿“«–°“√Õÿ¥°—Èπ„π∑“ß‡¥‘πÀ“¬„® (airway obstruction) 

4. „™âª√–‡¡‘πµ”·Àπàß¢Õß∑àÕ∑“ß‡¥‘πÀ“¬„® (endotracheal tube) ‡™àπ „ à‡¢â“À≈Õ¥Õ“À“√ À√◊Õ°“√
‡≈◊ËÕπÀ≈ÿ¥ÕÕ°¡“®“°À≈Õ¥≈¡

5. „™âª√–‡¡‘πª√‘¡“≥‡≈◊Õ¥∑’Ë‰ª¬—ßªÕ¥ ‡™àπ «‘π‘®©—¬¿“«– low cardiac output, pulmonary embo-
lism À√◊Õ„™âª√–‡¡‘πª√– ‘∑∏‘¿“æ„π°“√°¥Àπâ“Õ°„π°“√™à«¬øóôπ™’«‘µ (CPR) 

‡Õ°´‡√¬åªÕ¥ (Chest X-ray)
°“√‡Õ°´‡√¬åªÕ¥‡ªìπ√–¬– ‡ªìπ°“√µ‘¥µ“¡°“√‡ª≈’Ë¬π·ª≈ßæ¬“∏‘ ¿“æ¢ÕßªÕ¥·≈–∑√«ßÕ° æ¬“∫“≈

 à«πÕ¬à“ß¡“°„π°“√™à«¬„Àâ¿“æ‡Õ°´‡√¬åªÕ¥¡’§ÿ≥¿“æ·≈–ßà“¬µàÕ°“√«‘π‘®©—¬‰¥â∂Ÿ°µâÕß °“√ ’ªÉ«¬„π ICU ¡ºŸâ¥Ÿ·≈ºŸâ
µ‘¥ ECG electrode §«√À≈’°‡≈’Ë¬ß‰¡à„Àâ°√–¥ÿ¡∑’Ë‡ªìπ‚≈À–À√◊Õ clip ∑’ËÀπ’∫ª√“°Ø„π lung field °àÕπ∂à“¬§«√
™à«¬¥Ÿ°“√®—¥∑à“¢ÕßºŸâªÉ«¬«à“µ√ß¥’À√◊Õ‰¡à §Õ°â¡À√◊Õ·Àßπ‡°‘π‰ªÀ√◊Õ‰¡à ‡æ√“–∑”„Àâ∑àÕ∑“ß‡¥‘πÀ“¬„®‡≈◊ËÕπ¢÷Èπ
À√◊Õ≈ß‰¥â∂÷ß 2 ́ ¡. ·≈–®—¥Õ¬à“„Àâ¡’ ‘Ëß∫¥∫—ß¿“æ‡Õ°´‡√¬åªÕ¥ (‡™àπ«ß®√¢Õß‡§√◊ËÕß™à«¬À“¬„®, ∑àÕπ”ÕÕ°´‘‡®π,
 “¬ ECG electrode,  “¬ pulse oximeter ‡ªìπµâπ) ºŸâ‡¢’¬π„™â§ÿ≥¿“æ¢Õß¿“æ‡Õ°´‡√¬åªÕ¥π’Èª√–‡¡‘π§ÿ≥¿“æ
¢Õßæ¬“∫“≈ºŸâ¥Ÿ·≈ºŸâªÉ«¬„π ICU ‡ ¡Õ 

°“√„™â‡§√◊ËÕßµ‘¥µ“¡ ¿“«–¢Õß√–∫∫Õ◊ËπÊ 
1. °“√„™â‡§√◊ËÕßµ‘¥µ“¡ ¿“«–¢Õß√–∫∫ª√– “∑ (Neurologic Monitoring) 

1.1 Glasgow Coma Scale ·æ∑¬åÀ√◊Õæ¬“∫“≈µâÕß‡ªìπºŸâª√–‡¡‘π‡Õß„π·µà≈–§√—Èß °“√∫—π∑÷°‡ªìπ
flow chart ®–™à«¬„Àâ‡ÀÁπ°“√‡ª≈’Ë¬π·ª≈ß‰¥âßà“¬ 

1.2 Intracranial pressure (ICP) monitoring ªí®®ÿ∫—π¡’«‘∏’°“√µ‘¥µ“¡§à“ ICP 2 «‘∏’ «‘∏’Àπ÷Ëß§◊Õ
 Õ¥ “¬ «π‡¢â“‰ª„π ventricle, subarachnoid space, epidural space, À√◊Õ subdural space ·≈â«µàÕ°—∫ 
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transducer ¿“¬πÕ° Õ’°«‘∏’Àπ÷Ëß§◊Õ„™â transducer ‡≈Á°Ê  Õ¥‡¢â“‰ª„π‡π◊ÈÕ ¡Õß, lateral ventricle, À√◊Õ„π 
epidural À√◊Õ subarachnoid space ‡≈¬ ∑’Ë¡’„™â°—π„πªí®®ÿ∫—π¡—°‡ªìπ«‘∏’·√° °“√«—¥∑”„π≈—°…≥–‡¥’¬«°—∫ CVP 
À√◊Õ arterial line §◊Õ Õ“®„™â«‘∏’ fluid-column manometer À√◊ÕµàÕ‡¢â“°—∫ transducer ·≈â« àß —≠≠“≥· ¥ßÕÕ° 
∑“ß®Õ monitor 

‡ªÑ“À¡“¬ ”§—≠¢Õß°“√‡ΩÑ“√–«—ß ICP §◊Õ ‡æ◊ËÕæ¬“¬“¡√—°…“√–¥—∫ cerebral perfusion pres-
sure (CPP) ́ ÷Ëß¡’§à“‡∑à“°—∫ mean arterial pressure ≈∫¥â«¬ ICP ∂â“ ICP  Ÿß¡“°®–∑”„Àâ CPP ≈¥≈ß ∂â“ CPP 
≈¥µË”°«à“ critical cerebral perfusion pressure °Á®–‰¡à¡’‡≈◊Õ¥‰ª‡≈’È¬ß ¡Õß‰¥â ¥—ßπ—Èπ®÷ß§«√æ‘®“√≥“√à«¡°—∫ 
BP ¥â«¬ 

1.3 Electroencephalography (EEG), evoked potential (EP), ·≈– bispectral index (BIS) 
ËÕß¡◊Õ·≈–º Õà“π‡©æ“–  “¡“√∂ª√–‡¡‘π°“√∑”ß“π monitoring ‡ªìπ°“√µ‘¥µ“¡§≈

¢Õß ¡Õß 
◊ËßµâÕß°“√‡§√÷Ëπ‰øøÑ“ ¡Õß ́◊ âŸ„™âºŸâ

2. Õÿ≥À¿Ÿ¡‘¢ÕßºŸâªÉ«¬ (Temperature Monitoring) 

Õÿ≥À¿Ÿ¡‘√à“ß°“¬ ·∫àßßà“¬Ê ‡ªìπ 2 ª√–‡¿∑§◊Õ Õÿ≥À¿Ÿ¡‘·°π°≈“ß (core temperature) ·≈–Õÿ≥À¿Ÿ¡‘ 
æ◊Èπº‘« (surface temperature) ∂â“ tissue perfusion ¥’ ‡≈◊Õ¥®“°¿“¬„π√à“ß°“¬®–∂Ÿ°π”‰ª¬—ßº‘«Àπ—ß·≈–π” 
§«“¡√âÕπ‰ª¥â«¬ ∑”„ÀâÕÿ≥À¿Ÿ¡‘º‘«Àπ—ß§π‡√“‰¡à‡ª≈’Ë¬π‰ªµ“¡Õÿ≥À¿Ÿ¡‘ ‘Ëß·«¥≈âÕ¡ §«“¡·µ°µà“ß√–À«à“ßÕÿ≥À¿Ÿ¡‘ 
æ◊Èπº‘«·≈–Õÿ≥À¿Ÿ¡‘·°π°≈“ß„π§πª°µ‘¡—°‰¡à‡°‘π 2oC ∂â“·µ°µà“ß°—π¡“°∫àß«à“ peripheral perfusion ‰¡à¥’ 

µ”·Àπàß∑’Ë«—¥Õÿ≥À¿Ÿ¡‘ ¡’¥—ßπ’È 

1. Core temperature «—¥‰¥â®“° distal esophagus, nasopharynx, tympanic membrane, ·≈–
®“° pulmonary artery catheter ∑—Èß 4 µ”·Àπàßπ’È„™â ‰¥â‡À¡◊ÕπÊ °—π §à“∑’Ë‰¥â®–µà“ß°—π‰¡à‡°‘π 0.1oC 

2. Surface temperature «—¥∫√‘‡«≥º‘«Àπ—ß π‘¬¡„™âµ”·Àπàßπ‘È«‚ªÑß∑’Ë‡∑â“ 

3. Intermediate site ‰¥â·°à Õ¡„µâ≈‘Èπ, ‡ ’¬∫∑«“√, Àπ’∫√—°·√â, „π°√–‡æ“–ªí  “«–, „π√ŸÀŸ ∂â“«—¥
∂Ÿ°«‘∏’ “¡“√∂„™â·∑π core temperature ‰¥â 

Õÿª°√≥å∑’Ë„™â«—¥Õÿ≥À¿Ÿ¡‘ ¡’¥—ßπ’È 

1. Mercury thermometer 

2. Thermocouples ‡ªìπ bimetal junction 

3. Thermistors ‡ªìπ thermoresistive device 

4. Infrared thermometers 

∫“ß™π‘¥ –¥«°∑’Ë®–„™â«—¥‡ªìπ§√—ÈßÊ ‰ª ·µà‰¡à –¥«°∑’Ë®–„™âµ‘¥µ“¡µàÕ‡π◊ËÕß Õÿª°√≥å„¥Ê °Á¡’§«“¡ 
·πàπÕπ‰¡àµà“ß°—π¡“°  ”§—≠∑’Ëµ”·Àπàß∑’Ë«—¥·≈–«‘∏’°“√«—¥¡“°°«à“ 

3. °“√ª√–‡¡‘π§«“¡√ÿπ·√ß¢Õß°“√‡®Á∫ªÉ«¬ (Severity Scoring System) 

°“√ª√–‡¡‘π severity scoring ‡™àπ APACHE II scoring system µ—Èß·µà·√°√—∫ ·≈–µ‘¥µ“¡‡ªìπ 
√–¬– ‡æ◊ËÕ„™â„π°“√∑”π“¬º≈°“√√—°…“ æ‘®“√≥“√–¥—∫¢Õß monitor ∑’Ë®–µâÕß„™â ·≈–æ‘®“√≥“°“√¬â“¬ºŸâªÉ«¬
ÕÕ°®“° ICU 
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‡§√◊ËÕßµ‘¥µ“¡ ¿“«–¢ÕßºŸâªÉ«¬„π√–À«à“ß°“√‡§≈◊ËÕπ¬â“¬¢π àß (Monitoring during Transport)
ºŸâªÉ«¬„πÀÕºŸâªÉ«¬Àπ—° Õ“®®”‡ªìπµâÕß‰¥â√—∫°“√‡§≈◊ËÕπ¬â“¬¢π àß‰ª¬—ßÀπà«¬µ√«®æ‘‡»… ÀâÕßºà“µ—¥À√◊Õ

ÀâÕß∫”∫—¥æ‘‡»… À√◊Õ‰ª¬—ß‚√ßæ¬“∫“≈Õ◊Ëπ‡æ◊ËÕ√—∫°“√√—°…“µàÕ ºŸâªÉ«¬§«√‰¥â√—∫°“√‡ΩÑ“√–«—ß·≈–°“√√—°…“‡À¡◊Õπ
¢≥–∑’Ë‰¡à‰¥â‡§≈◊ËÕπ¬â“¬ ¡‘©–π—ÈπÕ“°“√Õ“®‡≈«≈ß·≈–Õ“®‡ªìπÕ—πµ√“¬∂÷ß™’«‘µ‰¥â

‡§√◊ËÕßµ‘¥µ“¡ ¿“«–¢ÕßºŸâªÉ«¬„π√–À«à“ß°“√‡§≈◊ËÕπ¬â“¬¢π àß ¡’ªí≠À“∑’Ëµà“ß®“°¢≥–∑’ËºŸâªÉ«¬‰¥â√—∫°“√
¥Ÿ·≈„πÀÕºŸâªÉ«¬Àπ—°¥—ßπ’È§◊Õ

1. ·À≈àßæ≈—ßß“π ®”‡ªìπµâÕß¡’·∫µ‡µÕ√’Ë‡æ◊ËÕ„™â„π¢≥–‡¥‘π∑“ß

2. ¢π“¥µâÕß‡≈Á°°√–∑—¥√—¥ °‘π∑’ËπâÕ¬ πÈ”Àπ—°‡∫“ ∂â“‡ªìπ‰ª‰¥â§«√µ‘¥µ“¡ ¿“«–¢ÕßºŸâªÉ«¬‰¥â∑ÿ°Õ¬à“ß
∑’ËµâÕß°“√„π‡§√◊ËÕß‡¥’¬«°—π

3. „™âß“π‰¥â¥’„π¿“«–∑’Ë¡’°“√ —Ëπ –‡∑◊Õπ À√◊Õ‡§≈◊ËÕπ∑’Ë¥â«¬§«“¡‡√Á« Ÿß À√◊ÕÕ¬Ÿà∫π‡§√◊ËÕß∫‘π´÷Ëß¡’°“√ª√—∫
§«“¡¥—π∫√√¬“°“»„Àâµà“ß‰ª®“°∫πæ◊Èπ‚≈° ‡ªìπµâπ

4. ‡À¡“– ¡°—∫√–¥—∫§«“¡ “¡“√∂¢ÕßºŸâ„Àâ°“√√—°…“æ¬“∫“≈∑’Ë‰ª°—∫ºŸâªÉ«¬ ‡æ√“–°“√‡ΩÑ“√–«—ß∑’Ë́ —∫´âÕπ
‡°‘π°«à“√–¥—∫§«“¡√Ÿâ§«“¡ “¡“√∂¢ÕßºŸâ∑’Ë¥Ÿ·≈ºŸâªÉ«¬‰ª„π√–À«à“ß∑“ß¬àÕ¡‰¡à¡’ª√–‚¬™πå ‡π◊ËÕß®“°ºŸâ¥Ÿ·≈‰¡à∑√“∫«à“
®–·ª≈º≈À√◊ÕµÕ∫ πÕßµàÕº≈°“√‡ΩÑ“√–«—ß∑’Ë‰¥âÕ¬à“ß‰√∫â“ß °“√¡’ tele-monitor ·≈–√–∫∫°“√µ‘¥µàÕ ◊ËÕ “√
√–À«à“ß‚√ßæ¬“∫“≈·≈–√∂‡¢ÁπÀ√◊Õ√∂æ¬“∫“≈∑’Ë°”≈—ß‡¥‘π∑“ßÕ“®·°âªí≠À“π’È≈ß‰¥â√–¥—∫Àπ÷Ëß

Transport monitor ∑’Ëπ‘¬¡„™â„πªí®®ÿ∫—π‡ªìπ·∫∫ modular „™â module ‡¥’¬«°—∫ bedside monitor ·µà
‡ ’¬∫‡¢â“°—∫®Õ monitor ¢π“¥‡≈Á°°√–∑—¥√—¥ ¡’ battery  “¡“√∂µ‘¥µ“¡§à“µà“ßÊ ‰¥â§√∫ ‡™àπ ECG, NIBP À√◊Õ
IBP, pulse oximeter, respiratory rate, temperature ∫“ß‚√ßæ¬“∫“≈Õ“®¡’ tele-monitor °Á “¡“√∂„™â ‰¥â
 –¥«°„π°“√‡§≈◊ËÕπ¬â“¬ºŸâªÉ«¬√–¬–∑“ß„°≈âÊ ¿“¬„π‚√ßæ¬“∫“≈ ·µà∂â“‰¡à¡’ transport monitor °Á “¡“√∂„™â
«‘∏’°“√ßà“¬Ê ‰¥â·°à precordial À√◊Õ esophageal stethoscope, BP cuff ‚¥¬µ‘¥ stethoscope ·≈–æ—π„Àâµ√÷ß
Õ¬Ÿà°—∫∑’Ë, arterial line °Á “¡“√∂µàÕ‡¢â“°—∫‡§√◊ËÕß«—¥§«“¡¥—π∏√√¡¥“ (aneroid À√◊Õ mercury manometer) ‰¥â
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