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Mechanical Ventilation in Children
°“√„™â‡§√◊ËÕß™à«¬À“¬„®„π‡¥Á°

®‘µ≈—¥¥“ ¥’‚√®π«ß»å

19

®ÿ¥¡ÿàßÀ¡“¬∑’Ë ”§—≠¢Õß°“√„™â‡§√◊ËÕß™à«¬À“¬„®¡’ 4 ª√–°“√1,2 ‰¥â·°à
1. ‡æ◊ËÕ„Àâ¡’ alveolar ventilation ∑’Ë‡æ’¬ßæÕ
2. ‡æ◊ËÕ„Àâ¡’ oxygenation ∑’Ë‡æ’¬ßæÕ
3. ‡æ◊ËÕ≈¥ work of breathing
4. „Àâ∫√√≈ÿ«—µ∂ÿª√– ß§å∑—Èß 3 ¢âÕ¢â“ßµâπ‚¥¬¡’º≈¢â“ß‡§’¬ßπâÕ¬∑’Ë ÿ¥

ªí®®ÿ∫—π¡’°“√æ—≤π“‡§√◊ËÕß™à«¬À“¬„®™π‘¥„À¡àÊ ‡æ‘Ë¡¢÷Èπ¡“°¡“¬ ·µàº≈°“√„™â‡§√◊ËÕß™à«¬À“¬„® à«π
„À≠à®–¢÷Èπ°—∫æ¬“∏‘ ¿“æ¢ÕßªÕ¥ ·≈–§«“¡ “¡“√∂¢Õß·æ∑¬å„π°“√‡≈◊Õ°„™â‡§√◊ËÕß™à«¬À“¬„® ·≈–ª√—∫°“√™à«¬
À“¬„®„Àâ‡À¡“–°—∫æ¬“∏‘ √’√«‘∑¬“¢Õß‚√§ √«¡∑—Èß°“√‡ΩÑ“√–«—ß·≈–·°â ‰¢¿“«–µà“ßÊ ∑’ËÕ“®‡°‘¥¢÷Èπ¢≥–™à«¬À“¬„®

§«“¡À¡“¬¢Õß§”µà“ßÊ ∑’Ë„™âÕ∏‘∫“¬°“√∑”ß“π¢Õß‡§√◊ËÕß™à«¬À“¬„®3

1. Trigger
§◊Õ °“√‡√‘Ë¡µâπ°“√™à«¬À“¬„®¥â«¬·√ß¥—π∫«° À√◊Õ°“√‡√‘Ë¡ inspiratory phase  “¡“√∂·∫àßÕÕ°‰¥â

‡ªìπ
ë Machine trigger

§◊Õ °“√‡√‘Ë¡µâπ inspiratory phase ‚¥¬‡§√◊ËÕß™à«¬À“¬„®‡ªìπΩÉ“¬‡√‘Ë¡∑”ß“π‡æ◊ËÕ„Àâ mandatory
breath µ“¡‡«≈“∑’Ë°”Àπ¥‰«â ‰¥â·°à °“√∑”ß“π¢Õß‡§√◊ËÕß™à«¬À“¬„®„π CMV mode (controlled mandatory
ventilation) ·≈– IMV mode (intermittent mandatory ventilation)

ë Patient trigger
§◊Õ °“√‡√‘Ë¡µâπ inspiratory phase ‚¥¬ºŸâªÉ«¬‡ªìπΩÉ“¬°√–µÿâπ„Àâ‡§√◊ËÕß™à«¬À“¬„®∑”ß“π ´÷Ëß‚¥¬

¡“° trigger sensor ¡—°‡ªìπ pressure sensor §◊Õ ‡§√◊ËÕß®–™à«¬∑”ß“π‡¡◊ËÕ§«“¡¥—π∑’Ë proximal airway ≈¥
≈ß®“° baseline ®π∂÷ß§à“∑’Ë°”Àπ¥‰«â (sensitivity) ‚¥¬∑—Ë«‰ª¡—°µ—Èß§à“„ÀâπâÕ¬∑’Ë ÿ¥‡∑à“∑’Ë‡§√◊ËÕß®–∑”ß“π‰¥â‚¥¬
‰¡à∑”„Àâ‡°‘¥ autocycling (ª√–¡“≥ -1 ∂÷ß -2 ´¡.πÈ”) °“√µ—Èß trigger §à“ ŸßÊ „π assist/control (A/C) mode
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‡æ◊ËÕ„Àâ∑”ß“π‡ªìπ control mode ‡ªìπ ‘Ëß‰¡à§«√∑” ‡æ√“–Õ“®‡°‘¥Õ—πµ√“¬·°àºŸâªÉ«¬

‡§√◊ËÕß™à«¬À“¬„®√ÿàπ„À¡àπ‘¬¡„™â flow sensor ‡ªìπ°≈‰°„π°“√√—∫√Ÿâ°“√‡√‘Ë¡µâπÀ“¬„®‡¢â“¢ÕßºŸâªÉ«¬·≈–
trigger „Àâ‡§√◊ËÕß∑”ß“π‡¡◊ËÕ¡’§«“¡·µ°µà“ß¢ÕßÕ—µ√“°“√‰À≈¢Õß°ä“´„π inspiratory ·≈– expiratory limb
µ“¡§à“∑’Ë°”Àπ¥‰«â (ª√–¡“≥ 1-3 ≈‘µ√/π“∑’ „πºŸâ„À≠à ·≈– 0.3-1 ≈‘µ√/π“∑’ „π‡¥Á°) ¢âÕ¥’¢Õß flow trigger Õ¬Ÿà∑’Ë
time delay ¢Õß gas flow πâÕ¬°«à“ àßº≈™à«¬„Àâ≈¥ work of breathing

2. Demand valve
§◊Õ one-way valve ∑’Ë®–ª≈àÕ¬°ä“´®“°‡§√◊ËÕß‰¥â∂â“¡’°“√°√–µÿâπ®“°ºŸâªÉ«¬„π≈—°…≥–‡¥’¬«°—∫ trigger

·µà demand valve ®–∑”ß“π„π™à«ß∑’Ë‡ªìπ spontaneous breath ‚¥¬ª≈àÕ¬°ä“´„ÀâºŸâªÉ«¬À“¬„®¥â«¬µπ‡Õß
·≈–‡¡◊ËÕ ‘Èπ ÿ¥°“√À“¬„®‡¢â“ ‡√‘Ë¡À“¬„®ÕÕ° ·√ß¥—π„π«ß®√ Ÿß¢÷Èπ demand valve ®–ªî¥

Demand valve „π‡§√◊ËÕß™à«¬À“¬„®∑’Ë¥’®–µâÕß‡∫“ ·≈–‡ªî¥„Àâ°ä“´‡¢â“∑—π∑’ ‡¡◊ËÕºŸâªÉ«¬ÕÕ°·√ßÀ“¬„®
‡æ’¬ß‡≈Á°πâÕ¬ (delay time  —Èπ) ∂â“ demand valve Àπ—°À√◊Õ¡’·√ßµâ“π„π«ß®√ ®–∑”„Àâ°“√À“¬„®¥â«¬µπ‡Õß
µâÕßÕÕ°·√ß¡“°¢÷Èπ

3. Limit
§◊Õ °“√§«∫§ÿ¡§à“ preset ‰¡à„Àâ‡°‘π°«à“∑’Ëµ—Èß‰«â ·µà‰¡à¡’º≈µàÕ inspiratory time ‰¥â·°à pressure

limited „π infant ventilator §«“¡¥—π∑’Ë Ÿß°«à“§à“∑’Ëµ—Èß‰«â®–∂Ÿ°√–∫“¬ÕÕ°∑“ß pop-off valve ‚¥¬‰¡à¡’º≈µàÕ
cycle ¢Õß°“√™à«¬À“¬„®

4. Cycle
§◊Õ °“√ ‘Èπ ÿ¥°“√À“¬„®‡¢â“‡¡◊ËÕ∂÷ß§à“∑’Ë°”Àπ¥‰«â ·∫àß‡ªìπ
4.1 Time cycle

À¡“¬∂÷ß °“√„™â inspiratory time ‡ªìπµ—«°”Àπ¥°“√ ‘Èπ ÿ¥°“√À“¬„®‡¢â“ æ∫‰¥â„π infant
ventilator √«¡∑—Èß‡§√◊ËÕß™à«¬À“¬„®™π‘¥„À¡àÊ ∑—Èß volume ·≈– pressure preset ventilator

4.2 Volume cycle
À¡“¬∂÷ß °“√„™â preset tidal volume ‡ªìπµ—«°”Àπ¥°“√ ‘Èπ ÿ¥¢Õß°“√À“¬„®‡¢â“ ´÷Ëßæ∫„π

Bennett MA 1, volume cycle „π Bird VIP ·≈– Bear volume ventilator

4.3 Pressure cycle
À¡“¬∂÷ß °“√„™â pressure ‡ªìπ primary cycle „π°“√ ‘Èπ ÿ¥°“√À“¬„®‡¢â“ µ—«Õ¬à“ß‡™àπ Bird

ventilator ´÷Ëß‡ªìπ‡§√◊ËÕß™à«¬À“¬„®∑’Ëπ‘¬¡„™âπâÕ¬„πªí®®ÿ∫—π πÕ°®“°π—Èπ pressure cycle ¬—ß„™â‡ªìπ secondary
cycle „π‡§√◊ËÕß™à«¬À“¬„® à«π„À≠à∑—Èß volume ·≈– pressure preset ‡æ◊ËÕªÑÕß°—πÕ—πµ√“¬∑’Ë‡°‘¥®“° airway
pressure ∑’Ë Ÿß¢÷Èπ°–∑—πÀ—π®“° “‡Àµÿµà“ßÊ ‡æ◊ËÕ‡æ‘Ë¡§«“¡ª≈Õ¥¿—¬¢ÕßºŸâªÉ«¬ °“√∑”ß“π¢Õß pressure cycle
„π°√≥’‡™àππ’È ºŸâªÉ«¬®–‰¡à‰¥â mandatory breath µ“¡∑’Ëµ—Èß‰«â ·µà expiratory valve ®–‡ªî¥°àÕπ ‡æ◊ËÕªÑÕß°—π
Õ—πµ√“¬∑’Ë‡°‘¥®“°§«“¡¥—π∑’Ë Ÿß‡°‘π upper pressure limit ∑’Ëµ—Èß‰«â

4.4 Flow cycle
À¡“¬∂÷ß °“√„™â flow rate ‡ªìπµ—«°”Àπ¥°“√ ‘Èπ ÿ¥°“√À“¬„®‡¢â“ ‚¥¬‡¡◊ËÕÕ—µ√“‰À≈¢Õß in-

spiratory gas ≈¥≈ß®π∂÷ß®ÿ¥∑’Ë°”Àπ¥«“«å«À“¬„®ÕÕ°®–‡ªî¥ÕÕ° µ—«Õ¬à“ß §◊Õ „π Pressure support mode
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™π‘¥¢Õß‡§√◊ËÕß™à«¬À“¬„®„π‡¥Á°
·∫àß‰¥â‡ªìπ 2 °≈ÿà¡„À≠àÊ ‰¥â·°à
1. Continuous flow ventilators (Infant ventilator)
2. Demand flow ventilators

Continuous Flow Ventilators (Infant ventilator)1, 4-7

‡ªìπ‡§√◊ËÕß™à«¬À“¬„®∑’Ë„™â°—π·æ√àÀ≈“¬„π‡¥Á°·√°‡°‘¥·≈–‡¥Á°‡≈Á° (πÈ”Àπ—°πâÕ¬°«à“ 10-15 °‘‚≈°√—¡) ‰¥â·°à
Bear cub, Bourne, Sechrist, Babybird, Infant star ·≈– Newport Breeze ‡ªìπµâπ °“√∑”ß“π¢Õß‡§√◊ËÕß
™à«¬À“¬„®„π°≈ÿà¡π’È®—¥‡ªìπ çtime-cycled, pressure-limited ventilatoré

À≈—°°“√∑”ß“π
‡ªìπ‡§√◊ËÕß™à«¬À“¬„®∑’Ë¡’Õß§åª√–°Õ∫ßà“¬Ê ‰¡à́ —∫´âÕπ ª√–°Õ∫¥â«¬·À≈àß®à“¬°ä“´∑’Ëª≈àÕ¬°ä“´„Àâ·°àºŸâªÉ«¬

µ≈Õ¥‡«≈“ ‚¥¬¡’ªÿÉ¡ª√—∫ flow rate „Àâ¡“°πâÕ¬µ“¡µâÕß°“√ ¡’ inspiratory limb ·≈– expiratory limb π”
°ä“´‡¢â“-ÕÕ°®“°ºŸâªÉ«¬

∑’Ë expiratory limb ®–¡’ expiratory valve ∑”Àπâ“∑’Ëªî¥°—Èπ∑“ßÕÕ°¢Õß°ä“´ ∑”„Àâ§«“¡¥—π„π√–∫∫ Ÿß
¢÷Èπ ·≈–¥—π°ä“´‡¢â“¬—ßºŸâªÉ«¬‡ªìπ√–¬–Ê µ“¡°“√ªî¥-‡ªî¥¢Õß«“«å« ‚¥¬„π‡§√◊ËÕß®–¡’ pop-off valve ∑”Àπâ“∑’Ë
ª≈àÕ¬°ä“´ à«π‡°‘πÕÕ°®“°«ß®√ (circuit) ‡æ◊ËÕ§«∫§ÿ¡§«“¡¥—π„π√–∫∫‰¡à„Àâ Ÿß‡°‘π peak inspiratory pressure
(PIP) ∑’Ëµ—Èß‰«â πÕ°®“°π—Èπ¬—ß¡’ PEEP valve ‡æ◊ËÕ§«∫§ÿ¡°“√‰À≈ÕÕ°¢Õß°ä“´„Àâ¬“°¢÷Èπ ∑”„Àâ‡°‘¥°“√™à«¬
À“¬„®„π≈—°…≥–¢Õß PEEP ¥â«¬¢≥–À“¬„®ÕÕ°

ºŸâ„™â “¡“√∂§«∫§ÿ¡°“√∑”ß“π¢Õß expiratory valve ‚¥¬°”Àπ¥√–¬–‡«≈“ªî¥ (inspiratory time) µ“¡
∑’ËµâÕß°“√ ®÷ß®—¥‡ªìπ‡§√◊ËÕß™π‘¥ time-cycled ·≈–‡π◊ËÕß®“°°“√∑”ß“π‡ªìπ≈—°…≥– pressure preset  “¡“√∂
°”Àπ¥ PIP „π·µà≈– cycle ‰¥â ¥—ßπ—Èπ tidal volume ∑’Ë‰¥â·µà≈–§√—Èß®÷ß‰¡à§ß∑’Ë ¢÷Èπ°—∫ compliance ¢ÕßªÕ¥ ∂â“
compliance ¢ÕßªÕ¥µË” °ä“´®–‰À≈‡¢â“ªÕ¥πâÕ¬ ·≈–√—Ë«ÕÕ°®“°«ß®√¡“°¢÷Èπ ∑”„Àâ ‰¥â tidal volume ≈¥≈ß

„π‡§√◊ËÕß™à«¬À“¬„®°≈ÿà¡π’È pressure waveform ·≈– tidal volume ∑’Ë‰¥â¬—ß¢÷Èπ°—∫√–¥—∫¢Õß flow rate
∑’Ëµ—Èß ∂â“µ—Èß flow  Ÿß §«“¡¥—π„π√–∫∫®– Ÿß¢÷ÈπÕ¬à“ß√«¥‡√Á« ·≈–‡°‘¥ pressure plateau ‡¡◊ËÕ∂÷ß  peak inspiratory
pressure ®π ‘Èπ ÿ¥ inspiratory  time ∑’Ëµ—Èß‰«â ∑”„Àâ pressure waveform ¡’≈—°…≥–‡ªìπ square wave „π
¢≥–∑’ËÀ“°µ—Èß flow rate µË”≈ß §«“¡¥—π®–§àÕ¬Ê ‡æ‘Ë¡ ∑”„Àâ¡’≈—°…≥–‡ªìπ sine wave ·≈–∂â“‡ªî¥ flow rate
µË”‡°‘π‰ª§«“¡¥—πÕ“®‰¡à∂÷ß√–¥—∫∑’Ë‡√“µâÕß°“√ ¥—ß· ¥ß„π¿“æ∑’Ë 1, 2 ·≈– 3

¿“æ∑’Ë 1  · ¥ß square wave ´÷Ëß‡°‘¥®“° high flow ¿“æ∑’Ë 2  · ¥ß sine wave ∑’Ë‡°‘¥®“° low flow
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°“√∑’Ë‡§√◊ËÕß®à“¬°ä“´„Àâ·°àºŸâªÉ«¬„π≈—°…≥– continuous flow ∑”„ÀâºŸâªÉ«¬ “¡“√∂À“¬„®‰¥â‡Õß ·≈–¡’
°ä“´‡¢â“ªÕ¥µ“¡∑’ËºŸâªÉ«¬À“¬„® ·¡â„π¢≥–∑’Ë‰¡à¡’·√ß¥—π°ä“´‡¢â“ªÕ¥ (expiratory valve ‡ªî¥) πÕ°®“°π—Èπ°“√∑’Ë
‡§√◊ËÕß®à“¬°ä“´µ≈Õ¥‡«≈“ ®–∑”„Àâ ‰¡à¡’°“√§—Ëß¢Õß°ä“´§“√å∫Õπ‰¥ÕÕ°‰´¥å À√◊Õ‡°‘¥ rebreathing „π¢≥–∑’ËºŸâªÉ«¬
À“¬„®‡Õß

°“√µ—Èß‡§√◊ËÕß™à«¬À“¬„®
Infant ventilator ¡’ parameter ∑’Ë ”§—≠¥—ßµàÕ‰ªπ’È
1. FiO2 (Fractional inspired oxygen)

„πºŸâªÉ«¬∑’Ë¡’¿“«–æ√àÕßÕÕ°™‘‡®π„π‡≈◊Õ¥¡—°‡√‘Ë¡¥â«¬°“√µ—Èß§à“ FiO2 ‡∑à“°—∫ 1 ·≈–ª√—∫≈¥≈ß„Àâ‡À¡“–
 ¡‡¡◊ËÕºŸâªÉ«¬¡’Õ“°“√∑√ßµ—«·≈â« ‚¥¬æ¬“¬“¡„Àâ§à“ FiO2 ∑’Ëµ—ÈßµË” ÿ¥‚¥¬¡’√–¥—∫ÕÕ°´‘‡®π∑’Ë‡æ’¬ßæÕ §◊Õ PaO2

ª√–¡“≥ 60-100 ¡¡.ª√Õ∑„π‡¥Á°‡≈Á° ·≈– 50-70 ¡¡.ª√Õ∑„π∑“√° ‡æ◊ËÕÀ≈’°‡≈’Ë¬ß oxygen toxicity ‚¥¬
∑—Ë«‰ª∂◊Õ«à“§à“ FiO2 ∑’Ë 0.4 ‡ªìπ√–¥—∫∑’Ë§àÕπ¢â“ßª≈Õ¥¿—¬

2. Flow
‡π◊ËÕß®“° flow rate ¡’º≈µàÕ pressure waveform ¥—ß‰¥â°≈à“«·≈â« „πºŸâªÉ«¬∑’Ë¡’ lung compliance

µË” µâÕß„™âÕ—µ√“°“√À“¬„®‡√Á« ·≈–µâÕß°“√„Àâ pressure ¢÷Èπ Ÿß„π√–¬–‡«≈“ —Èπ ®”‡ªìπµâÕß„™â flow rate §àÕπ
¢â“ß Ÿß ·µà¡’¢âÕ‡ ’¬§◊Õ Õ“®‡æ‘Ë¡‚Õ°“ ‡°‘¥ barotrauma πÕ°®“°π’È continuous flow ∑’Ë Ÿß„π™à«ß expiratory
phase ®–‰ª‡æ‘Ë¡ resistance „π°“√À“¬„®ÕÕ°®“°ºŸâªÉ«¬1 °“√‡ª≈’Ë¬π·ª≈ß flow rate ®–¬‘Ëß¡’º≈µàÕ expiratory
resistance ¡“°¢÷Èπ„π‡¥Á°∑’Ë„™â∑àÕ™à«¬À“¬„®¢π“¥‡≈Á°

Flow rate ∑’ËµË”¡’¢âÕ¥’„π°“√„Àâ pressure waveform ‡ªìπ sine wave ´÷Ëß‡ªìπ≈—°…≥–ª°µ‘¢Õß°“√
À“¬„®„π‡¥Á° ¡’‚Õ°“ ‡°‘¥ barotrauma πâÕ¬ ·µà flow rate ∑’ËµË”‰ªÕ“®∑”„Àâ PIP ‰¡à Ÿßµ“¡∑’Ëµ—Èß‰«â ·≈–‡°‘¥°“√
§—Ëß¢Õß§“√å∫Õπ‰¥ÕÕ°‰´¥å‰¥â ‚¥¬∑—Ë«‰ª flow rate ∑’ËµË” ÿ¥§«√‡ªìπ 2 ‡∑à“¢Õß minute ventilation1,7 À√◊Õ ª√–¡“≥
1 ≈‘µ√/π“∑’ µàÕπÈ”Àπ—°µ—« 1 °‘‚≈°√—¡ ·µà¡—°‰¡àπâÕ¬°«à“ 5 ≈‘µ√/π“∑’

„π∑“ßªØ‘∫—µ‘Õ“®§àÕ¬Ê ‡æ‘Ë¡ flow rate ®π‰¥â PIP  Ÿß°«à“∑’ËµâÕß°“√‡≈Á°πâÕ¬„π‡«≈“ inspiratory
time ∑’Ë°”Àπ¥·≈–À¡ÿπª√—∫ pressure limited „Àâ ‰¥â PIP µ“¡∑’ËµâÕß°“√1

3. PIP (Peak inspiratory pressure)
√–¥—∫ PIP ∑’Ë‡À¡“– ¡ —ß‡°µ‰¥â®“°°“√¬°µ—«¢÷Èπ¢Õß∑√«ßÕ° (chest movement) ·≈–°“√øíß‡ ’¬ß

À“¬„® „π‡¥Á°¡—°‡√‘Ë¡∑’Ë 18-20 ´¡.πÈ” √–¥—∫¢Õß PIP ®–‡ªìπ ‘Ëß∑’Ë∫Õ°∂÷ß¢π“¥ tidal volume ∑’Ë„Àâ·°àºŸâªÉ«¬ ´÷Ëß

¿“æ∑’Ë 3 ‡ª√’¬∫‡∑’¬∫ pressure wave form ∑’Ë
‡°‘¥®“° flow √–¥—∫µà“ßÊ  Flow1 ·∑π
high flow ´÷Ëß∑”„Àâ√–¥—∫ pressure  Ÿß
∂÷ß PIP ‚¥¬‡√Á«  Flow 2 · ¥ß low
flow ·≈– Flow 3 · ¥ß flow ∑’Ë‰¡à‡æ’¬ß
æÕ ∑”„Àâ√–¥—∫ PIP ‰¡à Ÿß‡∑à“∑’ËµâÕß°“√
æ◊Èπ∑’Ë„µâ°√“ø∑’Ë·√‡ß“ · ¥ß§«“¡·µ°µà“ß
¢Õß mean airway pressure √–À«à“ß
flow ∑—Èß 2 √–¥—∫ 1
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®–µâÕßª√—∫µ“¡Õ“¬ÿ§√√¿å Õ“¬ÿÀ≈—ß§≈Õ¥ (°√≥’∑“√°·√°‡°‘¥) ™π‘¥·≈–§«“¡√ÿπ·√ß¢Õß‚√§ ‚√§∑’Ë¡’ lung com-
pliance µË” À√◊Õ airway resistance  Ÿß ®–µâÕß°“√ PIP ∑’Ë Ÿß ·µà‡π◊ËÕß®“°√–¥—∫ PIP ∑’Ë Ÿß®–∑”„Àâ‚Õ°“ ‡°‘¥
barotrauma ‡æ‘Ë¡¢÷Èπ ¥—ßπ—Èπ °“√µ—Èß PIP ®÷ß§«√µ—Èß„ÀâπâÕ¬∑’Ë ÿ¥∑’Ë®–¡’ adequate ventilation ·≈–µâÕß√–≈÷°∂÷ß
‡ ¡Õ«à“„π‡¥Á°∑’Ë¡’ªÕ¥·ø∫ (atelectasis) §à“ compliance ¢ÕßªÕ¥Õ“®‡æ‘Ë¡¢÷Èπ‰¥âÕ¬à“ß√«¥‡√Á«‡¡◊ËÕæ¬“∏‘ ¿“æ
¢ÕßªÕ¥¥’¢÷Èπ ¥—ßπ—Èπ √–¥—∫ PIP ∑’Ëµ—Èß‰«â‡¥‘¡Õ“®∑”„Àâ ‰¥â tidal volume ∑’Ë‡æ‘Ë¡¡“°¢÷Èπ·≈–‡°‘¥ pneumothorax ‰¥â
®÷ßµâÕß‡ΩÑ“√–«—ß°“√‡ª≈’Ë¬π·ª≈ßÕ¬à“ß„°≈â™‘¥

4. PEEP (Positive end expiratory pressure)
‡π◊ËÕß®“°¢≥–„ à∑àÕ™à«¬À“¬„®ºŸâªÉ«¬®– Ÿ≠‡ ’¬ physiologic PEEP ∑’Ë‡°‘¥®“°°“√ªî¥¢Õß°≈àÕß‡ ’¬ß

¥—ßπ—Èπ®÷ß§«√µ—Èß§à“ PEEP ‰«â∑’Ë 2-3 ́ ¡.πÈ” ‡æ◊ËÕ‡ªìπ°“√™¥‡™¬ °“√µ—Èß√–¥—∫ PEEP ∑’Ë‡À¡“– ¡ ( Ÿß¢÷Èπ) „πºŸâªÉ«¬
∑’Ë¡’§à“ lung compliance µË”®–™à«¬‡æ‘Ë¡ functional residual capacity  àßº≈„Àâ°“√·≈°‡ª≈’Ë¬π°ä“´¥’¢÷Èπ ‚¥¬
∑—Ë«‰ª°“√µ—Èß§à“ PEEP „π‡¥Á°‡≈Á°®–Õ¬Ÿà√–À«à“ß 3-7 ´¡.πÈ” °“√µ—Èß PEEP ∑’Ë Ÿß°«à“ 8 ´¡.πÈ” ®–µâÕß§Õ¬√–«—ß
º≈µàÕ venous return ·≈– cardiac output √«¡∑—Èß‚Õ°“ ∑’Ë®–‡°‘¥ barotrauma ¥â«¬ πÕ°®“°π’È„π infant
ventilator °“√‡æ‘Ë¡ PEEP ‚¥¬‰¡à‡æ‘Ë¡ PIP ¬—ßÕ“®∑”„Àâ tidal volume ≈¥≈ß‰¥â ‡π◊ËÕß®“°º≈µà“ß¢Õß PIP ·≈–
PEEP ´÷Ëß‡ªìπµ—«°”Àπ¥ tidal volume ¡’§à“≈¥≈ß

5. Rate
¡—°µ—Èßµ“¡Õ—µ√“°“√À“¬„®¢ÕßºŸâªÉ«¬ ·≈–§«“¡µâÕß°“√ÕÕ°´‘‡®π„π¢≥–π—Èπ „π‡¥Á°‡≈Á°¡—°π‘¬¡µ—Èß∑’Ë

40-50 §√—Èß/π“∑’ ‡æ◊ËÕ„Àâ ‰¥â minute ventilation ∑’ËæÕ‡æ’¬ß ‚¥¬¡’ PIP ∑’Ë§àÕπ¢â“ßµË” ‡¡◊ËÕ¡’Õ“°“√¥’¢÷Èπ®÷ß§àÕ¬Ê
≈¥ rate ≈ß„ÀâºŸâªÉ«¬À“¬„®‡Õß ≈—∫°—∫‡§√◊ËÕß™à«¬À“¬„®

6. Inspiratory time (Ti)
°“√µ—Èß Ti µâÕß§”π÷ß∂÷ß time constant ́ ÷Ëß‡ªìπº≈§Ÿ≥¢Õß compliance ·≈– resistance ¢ÕßºŸâªÉ«¬

„π‚√§∑’Ë¡’§à“ lung compliance µË” ·≈– time constant  —Èπ ®– “¡“√∂µ—Èß‡§√◊ËÕß™à«¬À“¬„®„Àâ¡’ Ti  —Èπ ·≈–
¡’Õ—µ√“°“√À“¬„® Ÿß ·µà„π‚√§∑’Ë¡’ airway resistance  Ÿß time constant ¬“« µâÕß„™â inspiratory ·≈– expiratory
time ∑’Ë‡æ‘Ë¡¢÷Èπ ‡æ◊ËÕªÑÕß°—π air trapping ‚¥¬∑—Ë«‰ª„π‡¥Á°‡≈Á°π‘¬¡µ—Èß Ti ª√–¡“≥ 0.5-0.7 «‘π“∑’7

„π infant ventilator ∫“ß™π‘¥ ‰¡à “¡“√∂µ—Èß Ti ‚¥¬µ√ß µâÕß°”Àπ¥ Ti ‚¥¬°“√µ—Èß rate ·≈– I/E
ratio „π™à«ß acute stage ´÷Ëß¡—°„™â rate  Ÿß µâÕßµ—Èß I/E ratio  Ÿß (1:1-1:1.5) ‡¡◊ËÕÕ“°“√¥’¢÷Èπ ≈¥ rate ≈ß
®–µâÕß≈¥ I/E ratio ≈ß¥â«¬„Àâ —¡æ—π∏å°—∫ rate ‡æ◊ËÕ„Àâ ‰¥â Ti §ß‡¥‘¡

        ¿“«– PIP PEEP Rate Inspiratory Flow
(´¡.πÈ”) (´¡.πÈ”) (§√—Èß/π“∑’) time («‘π“∑’) (≈‘µ√/π“∑’)

Apnea (normal lung) 12-18 2-3 10-20 0.4-0.5 5-8
Respiratory distress 20-22 4-6 40-60 0.4-0.5 5-8
syndrome (RDS)
Meconium aspiration 30-40 3-4 60-100 0.25-0.35 8-12
with pulmonary
hypertension

µ“√“ß∑’Ë 1  ·π«∑“ß°“√‡√‘Ë¡µ—Èß‡§√◊ËÕß™à«¬À“¬„®™π‘¥ infant ventilator1,4,7
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Demand Flow Ventilators8-15

‡ªìπ°≈ÿà¡‡§√◊ËÕß™à«¬À“¬„®∑’Ë„™â„π‡¥Á°‚µ·≈–ºŸâ„À≠à ‰¥â·°à Bennett 7200, Bear 5, Servo 900C, Servo
300, Hamilton Veolar, VIP Bird, Newport Wave ‡ªìπµâπ

‡§√◊ËÕß™à«¬À“¬„®°≈ÿà¡π’È®–®à“¬°ä“´„Àâ·°àºŸâªÉ«¬‡©æ“–‡«≈“∑’Ë¡’°“√°√–µÿâπ (trigger) ‡∑à“π—Èπ ́ ÷Ëß°“√°√–µÿâπ
π’ÈÕ“®‡°‘¥®“°µ—«‡§√◊ËÕß‡Õß (machine trigger) ‚¥¬°“√∑’ËºŸâ„™âµ—ÈßÕ—µ√“°“√À“¬„®„Àâ‡§√◊ËÕß™à«¬À“¬„®µ“¡‡«≈“∑’Ë
°”Àπ¥‡ªìπ®”π«π§√—ÈßµàÕπ“∑’ À√◊Õ‡°‘¥®“°°“√∑’ËºŸâªÉ«¬°√–µÿâπ (patient trigger)„Àâ‡§√◊ËÕß®à“¬°ä“´‡¡◊ËÕ‡√‘Ë¡À“¬„®
‡¢â“‡ªìπ assist ventilation ´÷Ëß “¡“√∂ª√—∫µ—Èß§«“¡‰«„π°“√µÕ∫ πÕßµàÕ°“√ trigger ¢ÕßºŸâªÉ«¬ ‚¥¬°“√µ—Èß
sensitivity

°“√„™â‡§√◊ËÕß™à«¬À“¬„®°≈ÿà¡π’È„π‡¥Á°Õ“®¡’ªí≠À“∑’Ë trigger sensitivity À√◊Õ §«“¡‰«¢Õß demand valve
‰¡àæÕ‡æ’¬ß ∑”„Àâ‡¥Á°µâÕß„™â·√ß¡“°„π°“√ trigger ·≈–‡ªî¥ demand valve ®÷ßÕ“®„™â‡ªìπ assist ventilation
„π‡¥Á°‡≈Á°‰¡à‰¥â ‡§√◊ËÕß™à«¬À“¬„®√ÿàπ„À¡àÊ ∫“ß™π‘¥ ‡™àπ Servo 300, Newport ®÷ß·°â ‰¢ªí≠À“π’È‚¥¬„Àâ¡’ base
flow ‰À≈Õ¬Ÿàµ≈Õ¥ À√◊Õ„™â flow trigger ∑’Ë‰«µàÕ°“√°√–µÿâπ¡“°°«à“ pressure trigger ®÷ß “¡“√∂„™â ‰¥âµ—Èß·µà
‡¥Á°∂÷ßºŸâ„À≠à

°“√∑”ß“π¢Õß‡§√◊ËÕß™à«¬À“¬„®„π°≈ÿà¡π’È  Õ“®·∫àß‰¥â‡ªìπ 2 °≈ÿà¡„À≠àÊ §◊Õ
1. Volume preset

§◊Õ ‡§√◊ËÕß™à«¬À“¬„®∑’Ë§«∫§ÿ¡ volume „Àâ§ß∑’Ë ‰¡à‡ª≈’Ë¬π·ª≈ß‰ªµ“¡ compliance À√◊Õ resistance
¢Õß√–∫∫ °≈‰°°“√∑”ß“πÕ“®‡ªìπ volume cycle §◊Õ ®ÿ¥ ‘Èπ ÿ¥¢Õß°“√À“¬„®∂Ÿ°°”Àπ¥‚¥¬ª√‘¡“µ√∑’Ë„Àâ À√◊Õ‡ªìπ
volume control ‚¥¬∑’Ë‡§√◊ËÕß®–«—¥ª√‘¡“µ√∑’Ë‡°‘¥¢÷Èπ·≈–„™âª√‘¡“µ√π—Èπ§ÿ¡ volume waveform „Àâ§ß∑’Ë„π∑ÿ° cycle
‰¡à«à“·√ßµâ“π„π√–∫∫®–‡ª≈’Ë¬π·ª≈ß‰ª‡™àπ„¥ ¥—ßπ—Èπ„π°“√™à«¬À“¬„®™π‘¥π’È®÷ß‰¥âª√‘¡“µ√∑’Ë§ß∑’Ë ·µà pressure
∑’Ë‡°‘¥¢÷Èπ®–‡ª≈’Ë¬π·ª≈ß‰ªµ“¡ compliance ·≈– resistance ¢Õß√–∫∫

‚¥¬∑—Ë«‰ª„π volume ventilator ‡§√◊ËÕß®–®à“¬°ä“´„Àâ·°àºŸâªÉ«¬„π≈—°…≥– constant flow ´÷Ëß®–¡’
§«“¡ —¡æ—π∏å°—∫ tidal volume ·≈– inspiratory time §◊Õ

 flow     =        tidal volume ∑’Ë‡§√◊ËÕß„Àâ

   inspiratory time

¥—ßπ—Èπ∂â“‡æ‘Ë¡ flow ‚¥¬°”Àπ¥„Àâ tidal volume §ß∑’Ë inspiratory time ®– —Èπ≈ß „π volume ventilator
™π‘¥„À¡àÊ ´÷Ëß„™â microprocessor ®– “¡“√∂°”Àπ¥ waveform ·∫∫µà“ßÊ ‰¥â‚¥¬Õ“®°”Àπ¥‡ªìπ square,
sinusoidal, accelerating ramp À√◊Õ decelerating ramp °“√∑”ß“π„π‡§√◊ËÕß™π‘¥‡À≈à“π’È¡—°‡ªìπ volume
controlled, time-cycled ‚¥¬‡§√◊ËÕß®–§”π«≥·≈–°”Àπ¥ flow „Àâ‚¥¬Õ—µ‚π¡—µ‘ ºŸâ„™â‡æ’¬ß°”Àπ¥ tidal volume,
respiratory rate (À√◊Õ minute volume), inspiratory time (I:E ratio) ‡∑à“π—Èπ

End-inspiratory plateau
Volume ventilator ™π‘¥ volume cycle ́ ÷Ëß„™â inspiratory volume ‡ªìπµ—«°”Àπ¥°“√ªî¥-‡ªî¥ expiratory

valve ®–‰¡à “¡“√∂µ—Èß end inspiratory plateau ·µà„π volume ventilator √ÿàπ„À¡à∑’Ë§«∫§ÿ¡°“√∑”ß“π¥â«¬
microprocessor ®– “¡“√∂µ—Èß end-inspiratory plateau ‰¥â®“° pause time ´÷Ëß‡ªìπ™à«ß‡«≈“∑’Ë inspiratory
flow  ‘Èπ ÿ¥·≈â«·µà expiratory valve ¬—ß‰¡à‡ªî¥ ∑”„Àâ ‰¥â pressure wave form ∑’Ë¡’ end-inspiratory plateau
¥—ß¿“æ∑’Ë 4
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°“√µ—Èß end inspiratory plateau „π volume control mode π’È peak alveolar pressure ®–¬—ß§ß∑’Ë
·µà¡’º≈„Àâ MAP ‡æ‘Ë¡ ∑”„Àâ distribution ¢Õß°ä“´¥’¢÷Èπ·≈–¡’ oxygenation ∑’Ë¥’¢÷Èπ‰¥â

Õ¬à“ß‰√°Áµ“¡ °“√‡æ‘Ë¡ inspiratory plateau ®–µâÕß√–«—ß‰¡à„Àâ expiratory time  —Èπ®π‡°‘π‰ª ‡æ√“–
Õ“®‡°‘¥ air trapping À√◊Õ auto PEEP ‰¥â º≈¢Õß auto-PEEP „π volume ventilation ®–¡’º≈∑”„Àâ PIP ·≈–
peak alveolar pressure ‡æ‘Ë¡¢÷Èπ ·≈–¡’‚Õ°“ ‡°‘¥ barotrauma ‡æ‘Ë¡¢÷Èπ‰¥â

πÕ°®“°π—Èπ°“√µ—Èß pause time „πºŸâªÉ«¬‡¥Á°Õ“®‰¡à‰¥â end-inspiratory plateau µ“¡∑’ËµâÕß°“√‡π◊ËÕß®“°
∑àÕ™à«¬À“¬„®„πºŸâªÉ«¬‡¥Á°¡—°‰¡à¡’ cuff √–¥—∫ plateau pressure ®÷ß¡—°≈¥≈ß®“°°“√√—Ë«¢Õß≈¡√Õ∫∑àÕ™à«¬À“¬„®

Compliance ·≈– volume loss8,11

·¡â«à“‚¥¬∑ƒ…Æ’·≈â« volume ventilator ®–„Àâ tidal volume ∑’Ë§ß∑’Ë ‰¡à‡ª≈’Ë¬π·ª≈ßµ“¡ compliance
À√◊Õ resistance ¢Õß√–∫∫À“¬„® ·µà„π∑“ßªØ‘∫—µ‘·≈â« tidal volume ∑’ËºŸâªÉ«¬‰¥â®√‘ß®–¢÷Èπ°—∫ compliance
¢Õß‡§√◊ËÕß™à«¬À“¬„®·≈–ºŸâªÉ«¬ ¥—ß ¡°“√

‡¡◊ËÕ VT = tidal volume delivered; VS = volume set on machine; Cm = compliance of the
machine; ·≈– Cp = compliance of the patient

¥—ßπ—Èπ tidal volume ∑’Ë„Àâ·°àºŸâªÉ«¬®–„°≈â‡§’¬ß°—∫∑’Ëµ—Èß‰«â∂â“ compliance ¢Õß‡§√◊ËÕß™à«¬À“¬„®πâÕ¬¡“°
‡¡◊ËÕ‡∑’¬∫°—∫ compliance ¢ÕßºŸâªÉ«¬ ‡™àπ °“√„™â volume ventilator „πºŸâ„À≠à´÷Ëß compliance ¢Õß‡§√◊ËÕß™à«¬
À“¬„®ºŸâ„À≠à‚¥¬∑—Ë«‰ªª√–¡“≥ 2-4 ¡≈/´¡.πÈ” „π¢≥–∑’Ë compliance ¢ÕßªÕ¥ºŸâ„À≠à∑—Ë«‰ª¡—°¡“°°«à“ 40 ¡≈/
´¡.πÈ” §à“ volume ∑’Ë‡ ’¬‰ª°—∫ compliance ¢Õß‡§√◊ËÕß®÷ßπâÕ¬¡“°‡¡◊ËÕ‡∑’¬∫°—∫ª√‘¡“≥ tidal volume ∑’ËºŸâªÉ«¬‰¥â√—∫

¿“æ∑’Ë 4 ‡ª√’¬∫‡∑’¬∫ pressure ·≈– flow waveform „π volume cycle ·≈– volume controlled with pause time

VT =    1

VS        1 +  Cm
  Cp
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·µà„π‡¥Á°‡≈Á°®”‡ªìπµâÕß§”π÷ß∂÷ß volume ∑’Ë‡ ’¬‰ª°—∫ compliance ¢Õß‡§√◊ËÕß™à«¬À“¬„®¥â«¬‡ ¡Õ
‚¥¬‡©æ“–‡¡◊ËÕ™à«¬À“¬„®„π‡¥Á°‡≈Á°∑’Ë¡’ compliance µË” °“√§”π«≥ effective tidal volume ∑’ËºŸâªÉ«¬‰¥â√—∫®√‘ß
∑”‰¥â‚¥¬

VTeff= VTset -  [(plateau pressure - PEEP) x compliance ‡§√◊ËÕß]

‡¡◊ËÕ VTeff = effective tidal volume, VTset = tidal volume set on ventilator

Compliance ¢Õß‡§√◊ËÕßÀ“‰¥â®“°°“√µàÕ«ß®√‡§√◊ËÕß™à«¬À“¬„®„Àâæ√âÕ¡∑’Ë®–„™â·≈–°”Àπ¥ tidal volume
∑’ËµâÕß°“√ Õÿ¥ª≈“¬‡§√◊ËÕß™à«¬À“¬„®∑’Ë®–µàÕ°—∫ºŸâªÉ«¬ ·≈â«Õà“π§à“ pressure ∑’Ë‡°‘¥¢÷Èπ π”¡“·∑π§à“„π ¡°“√

Compliance ¢Õß‡§√◊ËÕß = tidal volume ∑’Ë°”Àπ¥

   pressure ∑’ËÕà“π‰¥â

‚¥¬∑—Ë«‰ª compliance ¢Õß‡§√◊ËÕß™à«¬À“¬„®∑’Ë‡À¡“– ¡‰¡à§«√‡°‘π√âÕ¬≈– 10 ¢Õß compliance ¢Õß
ºŸâªÉ«¬ °“√„™â “¬«ß®√™à«¬À“¬„®¢π“¥‡≈Á°·≈– water traps ∑’Ë¡’ª√‘¡“µ√πâÕ¬ ®–™à«¬„Àâ compliance ¢Õß
‡§√◊ËÕß≈¥≈ß ‚¥¬∑—Ë«‰ª compliance ¢Õß‡§√◊ËÕß™à«¬À“¬„®„π‡¥Á°®–ª√–¡“≥ 1-2 ¡≈/´¡.πÈ”

2. Pressure preset
§◊Õ ‡§√◊ËÕß™à«¬À“¬„®∑’Ë„Àâ pressure waveform µ“¡∑’Ë°”Àπ¥‰«â„π∑ÿ°§√—Èß¢Õß°“√À“¬„®  à«π tidal

volume ∑’Ë‰¥â®–‡ª≈’Ë¬π·ª≈ß‰ªµ“¡ compliance ·≈– resistance ¢ÕßºŸâªÉ«¬·≈–‡§√◊ËÕß™à«¬À“¬„®

‡§√◊ËÕß™à«¬À“¬„®™π‘¥ pressure π’È Õ“®·∫àß°≈‰°°“√∑”ß“π‰¥â‡ªìπ
2.1 Pressure cycle

§◊Õ ®ÿ¥ ‘Èπ ÿ¥°“√À“¬„®∂Ÿ°°”Àπ¥‚¥¬ PIP ∑’Ëµ—Èß‰«â ‚¥¬ flow „π‡§√◊ËÕß™π‘¥π’È®–‡ªìπ constant
flow ·≈–‡ªìπµ—«°”Àπ¥ inspiratory time ‡¡◊ËÕ flow  Ÿß inspiratory time ®– —Èπ ‡æ√“– PIP ∂÷ß®ÿ¥∑’Ëµ—Èß‰¥â‡√Á«
‡§√◊ËÕß™à«¬À“¬„®∑’Ë„™â°≈‰°π’È ‰¥â·°à Bird ventilator ´÷Ëß‰¡àπ‘¬¡„™â„π‡¥Á°

2.2 Pressure limited-time cycle
§◊Õ ®ÿ¥ ‘Èπ ÿ¥°“√À“¬„®∂Ÿ°°”Àπ¥‚¥¬‡«≈“∑’Ëµ—Èß ·≈–„™â pressure relief valve ‡ªìπµ—«ª√—∫ peak

airway pressure „Àâ§ß∑’Ë flow waveform „π‡§√◊ËÕß™π‘¥π’È¡—°‡ªìπ constant flow ·≈–ºŸâ„™â®–µâÕß‡ªìπºŸâ°”Àπ¥
flow rate ‡æ◊ËÕ„Àâ ‰¥â pressure waveform „π≈—°…≥–µà“ßÊ¥—ß°≈à“«·≈â«„π infant ventilator

2.3 Pressure controlled ventilator (PCV)
‡ªìπ mode °“√™à«¬À“¬„®∑’Ë¡’„π‡§√◊ËÕß™à«¬À“¬„®√ÿàπ„À¡à∑’Ë„™â microprocessor §«∫§ÿ¡°“√

∑”ß“π °“√™à«¬À“¬„®∑’Ë®—¥‡ªìπ PCV ®–µâÕß¡’ flow waveform ‡ªìπ exponential decelerating flow ‡æ◊ËÕ„Àâ
‰¥â pressure waveform ‡ªìπ square wave ·≈–¡’§«“¡¥—π§ß∑’Ëµ≈Õ¥ cycle °“√À“¬„® „π°“√™à«¬À“¬„®
™π‘¥π’È ºŸâ„™â®–‡ªìπºŸâ°”Àπ¥ PIP ·≈– inspiratory time ·µà‰¡à “¡“√∂°”Àπ¥ flow ∑’Ë®–„Àâ·°àºŸâªÉ«¬ ‡§√◊ËÕß
™à«¬À“¬„®®–°”Àπ¥ peak flow µ“¡ respiratory impedance (compliance and resistance) ·≈– inspiratory
need ¢ÕßºŸâªÉ«¬ ®“°π—Èπ flow ∑’Ë„Àâ®–≈¥≈ß·∫∫ exponential ‡æ◊ËÕ√—°…“√–¥—∫§«“¡¥—π„Àâ§ß∑’Ëµ“¡∑’ËºŸâ„™âµ—Èß‰«â
„π√–¬–‡«≈“ inspiratory time ∑’Ë°”Àπ¥ °“√≈¥≈ß¢Õß flow π’È®–™â“À√◊Õ‡√Á«¢÷Èπ°—∫ PIP ∑’Ëµ—Èß·≈– respiratory
impedance ¢ÕßºŸâªÉ«¬ ∂â“ PIP µË”·≈– respiratory impedance  Ÿß flow ®–≈¥≈ßÕ¬à“ß√«¥‡√Á« „π∑“ßµ√ß
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°—π¢â“¡∂â“ PIP  Ÿß·≈– respiratory impedance µË” flow ®–≈¥≈ß™â“

º≈°“√»÷°…“µà“ßÊ æ∫«à“ decelerating flow „π PCV ¡’º≈¥’À≈“¬ª√–°“√ ‰¥â·°à
1) Variable and adequate flow rate °“√∑’Ë‰¡à°”Àπ¥ flow waveform ∑’Ë§ß∑’Ë ·µà‡ª≈’Ë¬π·ª≈ßµ“¡

§«“¡µâÕß°“√¢ÕßºŸâªÉ«¬ ®–∑”„ÀâºŸâªÉ«¬√Ÿâ ÷° ∫“¬ À“¬„®‡¢â“°—∫‡§√◊ËÕß‰¥â¥’ ·≈–„™â ß“π„π°“√À“¬„®πâÕ¬

2) „Àâ MAP ∑’Ë Ÿß ÿ¥¥â«¬ peak alveolar pressure ∑’ËµË”°«à“ ∑”„Àâ oxygenation ¥’¢÷Èπ ·µà MAP ∑’Ë Ÿß
¢÷Èππ’È®–¡’º≈°¥°“√∑”ß“π¢Õß√–∫∫À—«„®·≈–À≈Õ¥‡≈◊Õ¥¥â«¬ ∑—Èßπ’È¢÷Èπ°—∫ lung compliance ‚¥¬∂â“ lung com-
pliance µË” §«“¡¥—π„π∑√«ßÕ°®–‰¡à Ÿß¡“°®÷ß¡’º≈µàÕ√–∫∫À—«„®·≈–À≈Õ¥‡≈◊Õ¥‰¡à¡“°π—°

3) ∑”„Àâ lung mechanics ·≈– gas exchange ¥’¢÷Èπ æ∫«à“ PCV ®–≈¥ dead space ventilation
∑”„Àâ compliance ¥’¢÷Èπ ·≈–„™â minute ventilation ≈¥≈ß

°“√µ—Èß‡§√◊ËÕß Pediatric ventilators
¡’À≈—°°“√¥—ßπ’È
1. ‡≈◊Õ° mode (CMV, A/C, SIMV, PSV)

¢÷Èπ°—∫ºŸâªÉ«¬·≈–®ÿ¥¡ÿàßÀ¡“¬„π°“√„™â‡§√◊ËÕß™à«¬À“¬„®„π¢≥–π—Èπ ‚¥¬¡“°„π√–¬–·√°¡—°‡≈◊Õ° CMV
‡ªìπ full support ‡æ◊ËÕ§«∫§ÿ¡°“√·≈°‡ª≈’Ë¬π°ä“´„Àâ ‰¥âµ“¡µâÕß°“√·≈–≈¥ß“π„π°“√À“¬„® CMV Mode
¢Õß‡§√◊ËÕß™à«¬À“¬„®∑—Ë«‰ª¡—°∑”Àπâ“∑’Ë‡ªìπ A/C mode ¥â«¬ ¢÷Èπ°—∫ trigger sensitivity ∑’Ëµ—Èß ‚¥¬∑—Ë«‰ª¡—°µ—Èß
ª√–¡“≥ 1-2 ́ ¡.πÈ” ‡æ◊ËÕ‰¡à„ÀâºŸâªÉ«¬µâÕß„™âß“π„π°“√À“¬„®¡“°‰ª „π°√≥’¢Õß weaning ®÷ß‡≈◊Õ° mode SIMV
À√◊Õ pressure support À√◊Õ„™â√à«¡°—π∑—Èß 2 mode

2. FiO2 ‡™àπ‡¥’¬«°—∫ infant ventilator
3. Tidal volume À√◊Õ pressure

3.1 Tidal volume
¢π“¥¢Õß tidal volume ∑’Ëµ—Èß¢÷Èπ°—∫™π‘¥¢Õß§«“¡º‘¥ª°µ‘¢ÕßªÕ¥ ‚¥¬∑—Ë«‰ª°“√„™â tidal volume

„π¢π“¥ 10 ¡≈/°°.‡æ’¬ßæÕ ”À√—∫ªÕ¥∑—Ë«‰ª ·µà„πºŸâªÉ«¬∑’Ë¡’ lung compliance µË” À√◊Õ„π obstructive lung
disease §«√„™âª√‘¡“µ√∑’Ë§àÕπ¢â“ßπâÕ¬ª√–¡“≥ 5-8 ¡≈/°°.‡æ◊ËÕ‰¡à„Àâ§«“¡¥—π„πªÕ¥ Ÿß‡°‘π‰ª ‚¥¬∑—Ë«‰ª¡—°
®–æ¬“¬“¡‰¡à„Àâ alveolar pressure  Ÿß‡°‘π 35 ´¡.πÈ” „π‡¥Á°°“√„™â volume ventilator ®–µâÕß§”π÷ß∂÷ß
compressible volume ∑’Ë‡ ’¬‰ª°—∫«ß®√‡§√◊ËÕß™à«¬À“¬„®¥â«¬‡ ¡Õ

3.2 Pressure
°“√µ—Èß√–¥—∫ pressure ∑’Ë‡À¡“– ¡¥Ÿ‰¥â®“°°“√¬°µ—«¢÷Èπ¢Õß∑√«ßÕ° ·≈– tidal volume∑’Ë‰¥â

‚¥¬¡’À≈—°°“√‡™àπ‡¥’¬«°—∫ volume ventilator §◊Õ „πªÕ¥∑’Ë‡ªìπ restrictive lung ¡—°®–µ—Èß PIP ‡æ◊ËÕ„Àâ tidal
volume ‡æ’¬ß 5-8 ¡≈/°°.·≈–®–µâÕßæ¬“¬“¡‰¡à„Àâ alveolar pressure  Ÿß°«à“ 30-35 ´¡.πÈ” ´÷Ëß‡ªìπ√–¥—∫∑’Ë
‡ ’Ë¬ßµàÕ barotrauma

4. Respiratory rate
¢÷Èπ°—∫ tidal volume, lung mechanics, PCO2 ∑’ËµâÕß°“√ ·≈–Õ—µ√“°“√À“¬„®ª°µ‘¢ÕßºŸâªÉ«¬ ́ ÷Ëß®–

‡ª≈’Ë¬π·ª≈ßµ“¡Õ“¬ÿ ¥—ßπ’È
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Õ“¬ÿ < 2 ªï Õ—µ√“À“¬„®ª°µ‘ª√–¡“≥ 30-35 §√—Èß/π“∑’

2-5  ªï     ç ç 20-25 §√—Èß/π“∑’

> 5  ªï     ç ç 15-18 §√—Èß/π“∑’

„π restrictive lung disease ¡—°µ—ÈßÕ—µ√“°“√À“¬„® Ÿß°«à“ª°µ‘‡æ◊ËÕ„Àâ ‰¥â minute ventilation ∑’Ë
‡æ’¬ßæÕ „π obstructive lung disease ́ ÷Ëß¡’ time constant ¬“« Õ—µ√“°“√À“¬„®§«√µË”≈ß‡æ◊ËÕ„Àâ¡’ expiratory
time ∑’Ë‡æ’¬ßæÕ

5. Flow pattern
„π volume preset ventilation ‡§√◊ËÕß™à«¬À“¬„® à«π„À≠à¡—°„Àâ constant flow „π‡§√◊ËÕß™à«¬À“¬„®

™π‘¥À≈—ßÊ ®– “¡“√∂‡≈◊Õ° flow waveform ·∫∫µà“ßÊ ‰¥â ‡™àπ ascending ramp, descending ramp, sine
waveform ‡ªìπµâπ ª√–‚¬™πå¢Õß flow pattern „π≈—°…≥–µà“ßÊ ¬—ß‰¡à¡’À≈—°∞“π·πà™—¥ ·µàæ∫«à“‡¡◊ËÕ„™â decele-
rating flow („π PCV mode) ®–¡’ MAP∑’Ë Ÿß°«à“·≈–¡’ PIP ∑’ËµË”°«à“∑”„Àâ¡’°“√·æ√à°√–®“¬¢Õß°ä“´∑’Ë¥’¢÷Èπ

6. Flow rate
„π‡§√◊ËÕß™π‘¥ volume cycle ́ ÷Ëß„Àâ constant flow ºŸâ„™â®–‡ªìπºŸâµ—Èß flow rate ́ ÷Ëß®–‡ªìπ°“√°”Àπ¥

inspiratory time ‚¥¬∑’Ë flow rate ®–‡∑à“°—∫ Õ—µ√“ à«π¢Õß tidal volume µàÕ inspiratory time  ‚¥¬∑—Ë«‰ª °“√
ª√—∫ flow rate ®÷ß¡—°¥Ÿ®“° inspiratory time  À√◊Õ I:E ‡ªìπÀ≈—°

„π‡§√◊ËÕß™π‘¥ time cycle -volume preset  ‡§√◊ËÕß®–ª√—∫ flow „Àâ‡À¡“– ¡  ‡æ◊ËÕ„Àâ ‰¥â inspiratory
time ·≈– tidal volume µ“¡∑’Ë°”Àπ¥ °“√µ—Èß peak flow §«√µ—Èß„Àâ‡æ’¬ßæÕ·°à§«“¡µâÕß°“√¢ÕßºŸâªÉ«¬  ·≈–„Àâ
ªÕ¥¢¬“¬µ—«‰¥â‡µÁ¡∑’Ë°àÕπ∑’Ë®–À“¬„®ÕÕ° ∂â“ flow ‰¡àæÕºŸâªÉ«¬®–µâÕß‡æ‘Ë¡·√ß„π°“√À“¬„®‡æ◊ËÕ¥÷ß°ä“´‡æ‘Ë¡¢÷Èπ
‚¥¬∑—Ë«‰ª§«“¡µâÕß°“√ flow rate ¢ÕßºŸâªÉ«¬®–¢÷Èπ°—∫ minute ventilation „π√“¬∑’Ë minute ventilation ‡æ‘Ë¡ Ÿß
‡™àπ „π severe lung injury °ÁµâÕß‡æ‘Ë¡ peak flow „Àâ‡æ’¬ßæÕ  „π∫“ß§√—Èß volume ventilator Õ“®‰¡à “¡“√∂„Àâ
inspiratory peak flow ∑’ËæÕ°—∫§«“¡µâÕß°“√¢ÕßºŸâªÉ«¬ ®÷ß§«√‡ª≈’Ë¬π‡ªìπ PCV mode ´÷Ëß¡’ high initial flow
®“° decelerate flow waveform

„π PCV mode ‡§√◊ËÕß®–„Àâ exponential decelerating flow ‡æ◊ËÕ„Àâ ‰¥â§«“¡¥—π∑’Ëµ—Èß‰«â ‡√“‰¡à
 “¡“√∂°”Àπ¥ flow rate ‰¥â

7. % Inspiratory time
„πºŸâªÉ«¬∑’ËÀ“¬„®‡Õß§«√µ—Èß„Àâ‡∑à“°—∫°“√À“¬„®¢ÕßºŸâªÉ«¬ ́ ÷Ëß‚¥¬∑—Ë«‰ª %inspiratory time ®–ª√–¡“≥

√âÕ¬≈– 30-40 (I:E = 1:1.5 -1:2) „π°√≥’∑’ËµâÕß°“√‡æ‘Ë¡ inspiratory time ‡æ◊ËÕ‡æ‘Ë¡ MAP ·≈– oxygenation
®–µâÕß sedate ºŸâªÉ«¬‡æ√“–®–∑”„Àâ√Ÿâ ÷°Õ÷¥Õ—¥ ·≈–µâÕß√–«—ß°“√‡°‘¥ auto-PEEP ·≈–º≈µàÕÀ—«„®·≈–√–∫∫
‰À≈‡«’¬π‚≈À‘µ „π volume ventilator ∑’Ë°”Àπ¥ % pause time ‰¥â °“√‡æ‘Ë¡ pause time ®–™à«¬‡æ‘Ë¡ MAP
‚¥¬∑’Ë PIP ‰¡à‡æ‘Ë¡ ∑”„Àâ oxygenation ¥’¢÷Èπ ·µàµâÕß√–«—ß‰¡à„Àâ total inspiratory time ¬“«‰ª

8. PEEP ¢÷Èπ°—∫¿“«–ºŸâªÉ«¬ ¥—ß°≈à“«·≈â«„π infant ventilation

9. Alarm ¡’·π«∑“ß°“√µ—Èß ¥—ßπ’È
Pressure alarm §«√æ‘®“√≥“®“° pressure ∑’Ë«—¥‰¥â ·≈– + 5-10 ´¡.πÈ” (À√◊Õ + 20%)  ”À√—∫

high ·≈– low pressure alarm
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Volume alarm æ‘®“√≥“®“° volume ∑’Ëµ—Èß‰«â ·≈– + 25%  ”À√—∫ high ·≈– low volume

„π volume preset ventilator ·¡â«à“‡√“‰¡à “¡“√∂°”Àπ¥ PIP „π·µà≈–§√—Èß¢Õß°“√™à«¬À“¬„®
‡æ√“– PIP ®–‡ª≈’Ë¬πµ“¡ compliance ·≈– resistance ¢Õß∑“ß‡¥‘πÀ“¬„® °“√µ—Èß pressure limit ¬—ß‡ªìπ ‘Ëß
®”‡ªìπ‡æ◊ËÕªÑÕß°—π inadvertent overinflation ·≈– pneumothorax ∑’ËÕ“®‡°‘¥¢÷Èπ §à“ pressure limit „π volume
preset ventilator π’È®–∑”Àπâ“∑’Ë‡ªìπ pressure cycle ¥â«¬ °≈à“«§◊Õ ∂â“§«“¡¥—π„π«ß®√ Ÿß‡°‘π pressure limit
∑’Ëµ—Èß‰«â ‡ ’¬ß alarm ®–¥—ß¢÷Èπæ√âÕ¡°—∫ expiratory valve ®–‡ªî¥·≈– ‘Èπ ÿ¥°“√À“¬„®‡¢â“„π§√—Èßπ—Èπ tidal volume
∑’ËºŸâªÉ«¬‰¥â„π§√—Èßπ—Èπ®–πâÕ¬°«à“§à“∑’Ëµ—Èß‰«â ‚¥¬∑—Ë«‰ª pressure limit alarm ¡—°¥—ß‡ªìπ§√—Èß§√“«„π¢≥–∑’ËºŸâªÉ«¬‰Õ
À√◊Õ‡°√Áßµ—«µâ“π‡§√◊ËÕß ÷́Ëß‰¡à¡’§«“¡ ”§—≠¡“°π—° ·µà„π°√≥’∑’Ë pressure limit alarm ¥—ßµàÕ‡π◊ËÕß°—π ®–‡ªìπ
µ—«∫àß«à“¡’°“√‡ª≈’Ë¬π·ª≈ß‡°‘¥¢÷Èπ„πµ—«ºŸâªÉ«¬ ́ ÷ËßºŸâ¥Ÿ·≈®–µâÕß√’∫ª√–‡¡‘π·≈–·°â ‰¢¿“«–º‘¥ª°µ‘µà“ßÊ ∑’ËÕ“®‡°‘¥¢÷Èπ
‰¥â·°à ‡ ¡À–Õÿ¥µ—π ‡°‘¥°“√À¥‡°√Áß¢Õß°≈â“¡‡π◊ÈÕÀ≈Õ¥≈¡ À√◊Õ‡°‘¥¿“«– pneumothorax ¢÷Èπ

°“√µ—Èß‡§√◊ËÕß™à«¬À“¬„®„π¿“«–µà“ßÊ15-19

°“√µ—Èß‡§√◊ËÕß™à«¬À“¬„®„πºŸâªÉ«¬§«√µ—Èß„Àâ‡À¡“– ¡°—∫æ¬“∏‘ ¿“æ¢ÕßºŸâªÉ«¬ ‚¥¬ “¡“√∂·∫àß‡ªìπ°≈ÿà¡
„À≠àÊ ‰¥â¥—ßπ’È

1. °≈ÿà¡∑’Ë¡’ lung mechanic ·≈– gas exchange ª°µ‘
2. °≈ÿà¡∑’Ë¡’ severe airflow obstruction
3. °≈ÿà¡∑’Ë¡’ acute hypoxic respiratory failure
4. °≈ÿà¡∑’Ë¡’ restrictive lung disease À√◊Õ chest wall disease

ºŸâªÉ«¬∑’Ë¡’ lung mechanic ·≈– gas exchange ª°µ‘
‰¥â·°à ºŸâªÉ«¬∑’ËÀ¬ÿ¥À“¬„®®“° “‡Àµÿµà“ßÊ ‡™àπ drug overdose, º≈®“°¬“ ≈∫ ‡ªìπµâπ, ºŸâªÉ«¬∑’Ë¡’ªí≠À“

°≈â“¡‡π◊ÈÕÕàÕπ·√ß ‡™àπ  Guillain-Barre syndrome, myasthenia gravis ‡ªìπµâπ À√◊ÕºŸâªÉ«¬™ÁÕ°®“° “‡Àµÿ
µà“ßÊ ´÷Ëß„™â‡§√◊ËÕß™à«¬À“¬„®‡æ◊ËÕ‡ªìπ adjunctive therapy  √«¡∑—ÈßºŸâ∑’Ë¡’§«“¡¥—π„π°–‚À≈°»’√…– Ÿß‡©’¬∫æ≈—π
‡™àπ ºŸâªÉ«¬À≈—ß‰¥â√—∫Õÿ∫—µ‘‡Àµÿ∑“ß ¡Õß œ≈œ ´÷Ëß„™â‡§√◊ËÕß™à«¬À“¬„®‡æ◊ËÕ hyperventilation

°“√™à«¬À“¬„®„πºŸâªÉ«¬°≈ÿà¡π’È§«√„Àâ‡À¡◊Õπ normal physiology ¡“°∑’Ë ÿ¥ ·π–π”„Àâ„™â volume A/C
mode  ‚¥¬„Àâ effective tidal volume 8-10 ¡≈/°.°. Õ—µ√“°“√À“¬„®·≈– inspiratory-time ∑’Ëª°µ‘µ“¡Õ“¬ÿ
√–¥—∫¢Õß PEEP 2-3 ´¡.πÈ” ‰¡à„™â inspiratory hold §à“ FiO2 §«√‡√‘Ë¡∑’Ë 0.4-0.5 ·≈–ª√—∫≈¥µ“¡ O2 satura-
tion  „πºŸâªÉ«¬∑’Ë¡’ªÕ¥ª°µ‘°“√™à«¬À“¬„®¥â«¬ flow waveform ·∫∫µà“ßÊ Õ“®‰¡à¡’§«“¡ ”§—≠µàÕ°“√·≈°‡ª≈’Ë¬π
°ä“´π—° ·µàÀ≈—° ”§—≠§◊Õ ‰¡à§«√™à«¬À“¬„®¥â«¬Õ—µ√“°“√À“¬„®·≈– inspiratory time ∑’Ëº‘¥®“°°“√À“¬„®ª°µ‘
°“√µ—Èß inspiratory time ∑’Ë¬“«‰ª ®–¡’º≈‡æ‘Ë¡ MAP ´÷Ëß®–¡’º≈µàÕ venous return ·≈– cardiac output ‰¥â
§à“ inspiratory time ∑’Ë —Èπ‡°‘π‰ª Õ“®∑”„Àâ¡’°“√‡æ‘Ë¡Õ—µ√“ à«π¢Õß dead space ventilation ·≈–‡°‘¥ hyper-
capnia ‰¥â

πÕ°®“°π’È„π°“√µ—Èß tidal volume ®–µâÕß§”π÷ß∂÷ß compressible volume „π·µà≈–«ß®√ ·≈–™π‘¥
¢Õß‡§√◊ËÕß™à«¬À“¬„® ́ ÷Ëß«—¥‰¥â®“°«‘∏’∑’Ë°≈à“«·≈â«¢â“ßµâπ ∑—Èß¬—ßµâÕß§”π÷ß∂÷ß physiologic dead space ·≈– CO2

production ∑’ËÕ“®‡æ‘Ë¡¢÷Èπ„π¿“«–µà“ßÊ¥â«¬ ‡√“ “¡“√∂ monitor effective tidal volume ‰¥â‚¥¬ —ß‡°µ°“√
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¬°¢÷Èπ¢Õß∑√«ßÕ°·≈–øíß‡ ’¬ßÀ“¬„®‡¡◊ËÕµàÕ‡§√◊ËÕß™à«¬À“¬„®°—∫ºŸâªÉ«¬ ·≈–‡ΩÑ“µ‘¥µ“¡ PaCO2 ®“° blood gas
∂â“ “¡“√∂ monitor airway pressure ·≈– flow waveform æ∫«à“¡’≈—°…≥– patient-ventilator dyssynchrony
·≈–µâÕß°“√„ÀâºŸâªÉ«¬À“¬„®µ“¡‡§√◊ËÕß ‡™àπ „πºŸâªÉ«¬™ÁÕ§ §«√‡æ‘Ë¡ inspiratory flow rate, Õ—µ√“°“√À“¬„® À√◊Õ
tidal volume (·µàµâÕß√–«—ß«à“Õ“®‡°‘¥ respiratory alkalosis ‰¥â) ∂â“°“√‡æ‘Ë¡°“√™à«¬À“¬„®·≈â« ·µà¬—ß‰¡à≈¥
respiratory effort °“√„Àâ sedation À√◊Õ¬“§≈“¬°≈â“¡‡π◊ÈÕÕ“®®”‡ªìπ‡æ◊ËÕ„ÀâºŸâªÉ«¬‰¥âæ—°‡µÁ¡∑’Ë

ºŸâªÉ«¬∑’Ë¡’ severe airflow obstruction
‰¥â·°à ºŸâªÉ«¬‚√§À◊¥ ºŸâªÉ«¬°≈ÿà¡π’È„π√“¬∑’Ë¡’Õ“°“√√ÿπ·√ß®π‡°‘¥¿“«°“√≥åÀ“¬„®≈â¡‡À≈«®–¡’ expiratory

obstruction Õ¬à“ß¡“° ·≈–‡°‘¥¿“«– dynamic hyperinflation ®ÿ¥¡ÿàßÀ¡“¬ ”§—≠„π°“√™à«¬À“¬„®„πºŸâªÉ«¬
°≈ÿà¡π’È §◊Õ µâÕßæ¬“¬“¡„Àâ¡’ expiratory time ∑’Ë¬“«æÕ ·≈–≈¥¿“«– dynamic hyperinflation

ºŸâªÉ«¬‚√§À◊¥∑’ËµâÕß„™â‡§√◊ËÕß™à«¬À“¬„®®–¡’Õ“°“√°√–«π°√–«“¬·≈–°√– —∫°√– à“¬¡“° °“√∫√‘À“√¬“
„π°≈ÿà¡ sedatives ‡æ◊ËÕ„Àâ deep sedation ‡ªìπ ‘Ëß®”‡ªìπ·≈–Õ“®µâÕß„Àâ¬“§≈“¬°≈â“¡‡π◊ÈÕ√à«¡¥â«¬·¡â«à“Õ“®
∑”„Àâ°≈â“¡‡π◊ÈÕÕàÕπ·√ß‡ªìπ‡«≈“π“π °“√„Àâ¬“¥—ß°≈à“«®–™à«¬≈¥ oxygen consumption ≈¥ airway pressure
·≈–≈¥Õ—µ√“‡ ’Ë¬ßµàÕ°“√‡°‘¥∑àÕ™à«¬À“¬„®‡≈◊ËÕπÀ≈ÿ¥ (self-extubation)

‡π◊ËÕß®“°¿“«–æ√àÕßÕÕ°™‘‡®π„πºŸâªÉ«¬‚√§À◊¥‡ªìπº≈®“° V/Q mismatch °“√µ—Èß‡§√◊ËÕß™à«¬À“¬„®§«√
‡√‘Ë¡¥â«¬°“√µ—Èß§à“ FiO2 ‡∑à“°—∫ 1 ·≈–¡—°®–≈¥ FiO2 ≈ß‰¥â ‚¥¬∑—Ë«‰ª FiO2 ¡—°‰¡à‡°‘π 0.5 ∂â“µâÕß°“√ FiO2  Ÿß ®–
µâÕßµ√«®À“«à“¡’ alveolar infiltration À√◊Õ¿“«–ªÕ¥·ø∫√à«¡¥â«¬À√◊Õ‰¡à °“√™à«¬À“¬„®„πºŸâªÉ«¬°≈ÿà¡π’È¡—°®–
„Àâ tidal volume 8-10 ¡≈/°.°. ¥â«¬Õ—µ√“°“√À“¬„®∑’ËπâÕ¬ (12-15 §√—Èß„π‡¥Á°‚µ) inspiratory flow rate §«√
®–¡“°„Àâ‡æ’¬ßæÕ°—∫§«“¡µâÕß°“√¢ÕßºŸâªÉ«¬ ·≈–„Àâ¡’ expiratory time ∑’Ë¬“« ‚¥¬∑—Ë«‰ª¡—°®–æ¬“¬“¡‰¡à„Àâ
airway plateau pressure  Ÿß‡°‘π 35 ´¡.πÈ” ‡æ◊ËÕ≈¥‚Õ°“ ‡°‘¥ barotrauma

°“√™à«¬À“¬„®¥â«¬ minute ventilation ∑’ËµË” ÿ¥‡∑à“∑’Ë®–‡æ’¬ßæÕ„π°“√·≈°‡ª≈’Ë¬π°ä“´ ·≈–¬Õ¡√—∫ PCO2

∑’Ë Ÿß¢÷Èπ (permissive hypercapnia) ‡ªìπÀ≈—° ”§—≠„π°“√™à«¬À“¬„®„πºŸâªÉ«¬‚√§À◊¥ ‡æ◊ËÕ≈¥¿“«– dynamic
hyperinflation ´÷Ëß¡’º≈‡ ’¬À≈“¬ª√–°“√ ‰¥â·°à ≈¥ thoracic compliance ¡’º≈µàÕ·√ß∑’ËµâÕß„™â„π°“√ trigger
‡§√◊ËÕß (µâÕß‡Õ“™π– intrinsic PEEP ·≈– trigger sensitivity) ‡æ‘Ë¡ß“π„π°“√À“¬„® ·≈–¡’º≈µàÕ°“√∑”ß“π
¢Õß√–∫∫À—«„®·≈–À≈Õ¥‡≈◊Õ¥ ‡™àπ‡¥’¬«°—∫ extrinsic PEEP

„πºŸâªÉ«¬∑’ËµâÕß°“√„ÀâÀ“¬„®‡Õß√à«¡¥â«¬°“√‡æ‘Ë¡ PEEP „ÀâºŸâªÉ«¬®–™à«¬≈¥ß“π∑’ËµâÕß∑”„π°“√ trigger
‡§√◊ËÕß„Àâ®à“¬°ä“´ ·µàµâÕß√–«—ß‰¡à„Àâ PEEP ∑’Ë„Àâ Ÿß‡°‘π√âÕ¬≈– 85 ¢Õß auto-PEEP ‡æ◊ËÕ‰¡à„Àâ‡°‘¥ dynamic
hyperinflation ‡æ‘Ë¡¢÷Èπ

‚¥¬ √ÿª·≈â« °“√™à«¬À“¬„®„πºŸâªÉ«¬‚√§À◊¥§«√™à«¬À“¬„®¥â«¬Õ—µ√“∑’ËµË” physiologic tidal volume,
expiratory time ∑’Ë¬“« ·≈–¬Õ¡√—∫ PCO2 ∑’Ë Ÿß°«à“ª°µ‘

ºŸâªÉ«¬∑’Ë¡’ acute hypoxic respiratory failure
 à«π„À≠à‡ªìπº≈®“°°“√∑’Ë∂ÿß≈¡„πªÕ¥∂Ÿ°·∑π∑’Ë¥â«¬‡≈◊Õ¥ ÀπÕß À√◊Õ edema fluid ∑”„Àâ¡’º≈µàÕ lung

mechanics ·≈–°“√·≈°‡ª≈’Ë¬π°ä“´ ¿“«–æ√àÕßÕÕ°™‘‡®π∑’Ë‡°‘¥„πºŸâªÉ«¬°≈ÿà¡π’È‡ªìπº≈®“° intrapulmonary shunt
´÷Ëß¡—°‰¡àµÕ∫ πÕßµàÕ°“√„ÀâÕÕ°´‘‡®π
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ARDS ‡ªìπ¿“«–∑’Ëæ¬“∏‘ ¿“æ¢ÕßªÕ¥ª√–°Õ∫¥â«¬ consolidation, atelectasis,  à«π¢ÕßªÕ¥ª°µ‘
·≈–Õ“®æ∫ intrapulmonary bleb formation ‰¥â„πºŸâªÉ«¬∫“ß√“¬ °“√™à«¬À“¬„®§«√§”π÷ß«à“ºŸâªÉ«¬„π°≈ÿà¡π’È
¡’ª√‘¡“µ√ªÕ¥¢π“¥‡≈Á°¡“°°«à“ stiff lung ‡¡◊ËÕ‡∑’¬∫°—∫ªÕ¥ª°µ‘

®ÿ¥¡ÿàßÀ¡“¬„π°“√™à«¬À“¬„®„πºŸâªÉ«¬°≈ÿà¡π’È §◊Õ °“√≈¥ shunt À≈’°‡≈’Ë¬ßº≈‡ ’¬®“°°“√„™â FiO2  ŸßÊ
‚¥¬°“√µ—Èß PEEP ∑’Ë‡À¡“– ¡ ·≈–‡≈◊Õ°°“√™à«¬À“¬„®∑’Ë‰¡à¡’º≈‡ ’¬µàÕªÕ¥‡æ‘Ë¡¢÷Èπ ªí®®ÿ∫—π‡ªìπ∑’Ë¬Õ¡√—∫«à“°“√
„™â protective lung strategies ¥—«¬«‘∏’ low tidal volume ventilation (TV = 6-8 ¡≈/°°) ‚¥¬§«∫§ÿ¡§«“¡
¥—π‰¡à„Àâ‡°‘π 35 ´¡.πÈ” ·≈–¬Õ¡„Àâ°ä“´§“√å∫Õπ‰¥ÕÕ°‰´¥å§—Ëß‰¥â (permissive hypercapnia) ‡æ◊ËÕ√Õ‡«≈“„Àâ
‚√§¥’¢÷Èπ ‚¥¬∑’ËªÕ¥‰¡à∂Ÿ°∑”≈“¬‰ª¡“° ‡ªìπ°“√™à«¬À“¬„®∑’Ë‡À¡“– ¡·≈–™à«¬≈¥Õ—µ√“°“√µ“¬¢ÕßºŸâªÉ«¬≈ß‰¥â20,21

°“√‡≈◊Õ° PEEP ∑’Ë‡À¡“– ¡‡æ◊ËÕ√—°…“√–¥—∫ end-expiratory transalveolar pressure „Àâ‡æ’¬ßæÕ∑’Ë®–
æ¬ÿß alveoli ‰¡à„Àâ·ø∫≈ß„π™à«ßÀ“¬„®ÕÕ° ∑”‰¥â‚¥¬

ùPEEP trialû ‚¥¬ª√—∫‡æ‘Ë¡-≈¥ PEEP §√—Èß≈– 1-2 ́ ¡.πÈ” ·≈–¥Ÿ§à“ oxygen saturation, static airway
pressure ∑’Ë‡ª≈’Ë¬π·ª≈ß √–¥—∫ PEEP ∑’Ë‡À¡“– ¡ §◊Õ √–¥—∫¢Õß PEEP ∑’ËπâÕ¬∑’Ë ÿ¥∑’Ë®–„Àâ oxygenation
¡“°∑’Ë ÿ¥‚¥¬°“√∫√‘À“√ FiO2 „π√–¥—∫∑’Ë§àÕπ¢â“ßª≈Õ¥¿—¬ ·≈–‰¡à¡’º≈µàÕ√–∫∫À—«„®·≈–À≈Õ¥‡≈◊Õ¥ „π∑“ßªØ‘∫—µ‘
¡—°‡√‘Ë¡¥â«¬ PEEP ∑’Ë√–¥—∫ 8-10 ́ ¡.πÈ” ·≈–‡æ‘Ë¡¢÷Èπ§√—Èß≈– 1-2 ́ ¡.πÈ” ¥Ÿ°“√‡ª≈’Ë¬π·ª≈ß¢Õß oxygen saturation
·≈– static airway pressure ∑ÿ° 10-15 π“∑’ ∂â“‰¡à¡’°“√‡ª≈’Ë¬π·ª≈ß¢ÕßÕÕ°´‘‡®πÕ¬à“ß™—¥‡®πÀ√◊Õ static
airway pressure ‡æ‘Ë¡¢÷Èπ¡“°°«à“§√—Èß°àÕπÊ · ¥ß«à“√–¥—∫ PEEP °àÕπÀπâ“π—Èπ‡À¡“– ¡·≈â«

„π°√≥’∑’Ë “¡“√∂»÷°…“ static pressure-volume curve ¢ÕßºŸâªÉ«¬ √–¥—∫ PEEP ∑’Ë‡À¡“– ¡§◊Õ ∑’Ë
√–¥—∫ 2 ́ ¡.πÈ” Ÿß°«à“ lower inflection point ¢Õß inflation pressure-volume curve (open-lung approach)

 ”À√—∫Õ—µ√“°“√À“¬„®π‘¬¡ª√—∫„Àâ Ÿß°«à“Õ—µ√“°“√À“¬„®ª°µ‘¢Õß‡¥Á°Õ“¬ÿπ—ÈπÊ ‡æ◊ËÕ„Àâ ‰¥â minute
ventilation ∑’Ë‡æ’¬ßæÕ (ª√–¡“≥ 30 §√—Èß/ π“∑’ „π‡¥Á° 5-8 ªï À√◊Õ 40 §√—Èß/π“∑’ „π‡¥Á°‡≈Á°)

„πºŸâªÉ«¬∑’Ë‡°‘¥ barotrauma ®“° pulmonary interstitial emphysema (PIE) À√◊Õ bronchopleural
fistula À√◊Õ¡’ PCO2  Ÿß¡“° ∑—Èß∑’Ë mean airway pressure  Ÿß°«à“ threshold ∑’Ë°”Àπ¥ °“√„™â high frequency
ventilation Õ“®‡ªìπÕ’°∑“ß‡≈◊Õ°Àπ÷Ëß

ºŸâªÉ«¬∑’Ë¡’ restrictive lung À√◊Õ chest wall disease
‰¥â·°à ºŸâªÉ«¬∑’Ë¡’ pulmonary fibrosis (√«¡∑—Èß late stage ARDS) ºŸâ∑’Ë¡’ massive ascites À√◊Õ¡’ chest

wall º‘¥ª°µ‘ ‡™àπ kyphoscoliosis ‡ªìπµâπ

ºŸâªÉ«¬°≈ÿà¡π’È§«√™à«¬À“¬„®¥â«¬ tidal volume ∑’ËπâÕ¬ (5-7 ¡≈/°°) Õ—µ√“°“√À“¬„®∑’Ë‡√Á« ·≈– inspiratory
time  —Èπ ‡æ◊ËÕ≈¥º≈·∑√° ấÕπµàÕ√–∫∫‰À≈‡«’¬π‚≈À‘µ®“° positive pressure ventilation ·≈–≈¥ barotraumas
„πºŸâªÉ«¬∑’Ë¡’§«“¡¥—π„π™àÕß∑âÕß Ÿß °“√™à«¬À“¬„®„π∑à“π—Ëß®–™à«¬≈¥§«“¡¥—π„π™àÕß∑âÕß Ÿß ·≈–ß“π„π°“√À“¬„®‰¥â

„πºŸâªÉ«¬°≈ÿà¡π’È∂â“™à«¬À“¬„®¥â«¬ tidal volume ∑’Ë¡“°®–¡’º≈∑”„Àâ pleural pressure  Ÿß ¡’º≈µàÕ venous
return ·≈– cardiac output ∑”„Àâ¡’ V/Q mismatch À√◊Õ shunt ‡æ‘Ë¡¢÷Èπ ·≈–¡’º≈µàÕ oxygenation °“√·°â
¿“«–æ√àÕßÕÕ°´‘‡®π‚¥¬°“√‡æ‘Ë¡ PEEP ®–¬‘Ëß¡’º≈µàÕ√–∫∫À¡ÿπ‡«’¬π‚≈À‘µ ·≈–∑”„Àâ¿“«–æ√àÕßÕÕ°´‘‡®π‡≈«
≈ß °“√™à«¬À“¬„®„πºŸâªÉ«¬°≈ÿà¡π’È®÷ßµâÕßæ¬“¬“¡≈¥ dead space ventilation ‚¥¬≈¥ minute ventilation
·≈–·°â ‰¢¿“«– hypovolemia √«¡∑—ÈßµâÕß¬Õ¡√—∫ PCO2 ∑’Ë Ÿß¢÷Èπ
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°“√‡ΩÑ“µ‘¥µ“¡·≈–·°â‰¢ªí≠À“∑’Ë‡°‘¥¢≥–„™â‡§√◊ËÕß™à«¬À“¬„®14,22

°“√¥Ÿ·≈ºŸâªÉ«¬¢≥–„™â‡§√◊ËÕß™à«¬À“¬„®®”‡ªìπµâÕß‡ΩÑ“µ‘¥µ“¡Õ¬à“ß„°≈â™‘¥·≈–À¡—Ëπµ√«®ª√–‡¡‘πºŸâªÉ«¬‡ªìπ
√–¬–Ê ‚¥¬°“√µ√«®√à“ß°“¬ «—¥ —≠≠“≥™’æ ≈—°…≥–°“√À“¬„® øíß‡ ’¬ßÀ“¬„®‡¢â“ µ‘¥µ“¡°“√‡ª≈’Ë¬π·ª≈ß
¢Õß oxygen saturation µ≈Õ¥‡«≈“¥â«¬ pulse oximeter ·≈–§«√µ√«®¥Ÿ§à“ blood gas ‡ªìπ√–¬–Ê ·≈–
æ√âÕ¡∑’Ë®–ª√—∫‡§√◊ËÕß™à«¬À“¬„®‡æ◊ËÕ√—°…“√–¥—∫ÕÕ°´‘‡®π ·≈–§“√å∫Õπ‰¥ÕÕ°‰´¥å„π‡≈◊Õ¥·¥ß„Àâ‡À¡“– ¡°—∫
¿“«–¢ÕßºŸâªÉ«¬´÷Ëß‡ª≈’Ë¬π·ª≈ß‰¥âµ≈Õ¥‡«≈“

°“√‡ΩÑ“µ‘¥µ“¡√–¥—∫ÕÕ°´‘‡®π
‚¥¬∑—Ë«‰ª √–¥—∫ PaO2 ∑’Ë‡À¡“– ¡ §◊Õ 60-80 ¡¡.ª√Õ∑ „π√“¬∑’Ë¡’¿“«–æ√àÕßÕÕ°´‘‡®π„π‡≈◊Õ¥ (PaO2

<60 ¡¡.ª√Õ∑) ‡°‘¥¢÷Èπ„π¢≥–„™â‡§√◊ËÕß™à«¬À“¬„®®–µâÕßæ¬“¬“¡À“ “‡Àµÿ§«“¡º‘¥ª°µ‘∑’Ë‡°‘¥¢÷Èπ (µ“√“ß∑’Ë 3)
‡æ◊ËÕæ‘®“√≥“·°â ‰¢µ“¡ “‡Àµÿ·≈–„Àâ°“√·°â ‰¢‚¥¬°“√‡æ‘Ë¡ oxygen delivery ´÷Ëß “¡“√∂‡æ‘Ë¡‰¥â 3 ∑“ß ‰¥â·°à

1) ‡æ‘Ë¡°“√™à«¬À“¬„®
¥â«¬°“√‡æ‘Ë¡ FiO2 À√◊Õ‡æ‘Ë¡ PEEP „π√“¬∑’Ë lung compliance µË”πÕ°®“°π—Èπ °“√‡æ‘Ë¡ MAP ´÷Ëß

‡ªìπ§à“‡©≈’Ë¬¢Õß pressure „π™à«ßÀ“¬„®‡¢â“-ÕÕ° ®–∑”„Àâ√–¥—∫ÕÕ°´‘‡®π¥’¢÷Èπ‰¥â µ—«·ª√∑’Ë¡’º≈µàÕ MAP ‰¥â·°à
flow rate, PIP, I/E ratio (% inspiratory time) ·≈– PEEP ·µàµâÕß√–«—ßº≈‡ ’¬®“° barotrauma

2) „Àâ¡’°“√‰À≈‡«’¬π‚≈À‘µ∑’Ë‡À¡“– ¡
‚¥¬°“√‡æ‘Ë¡ intravascular volume „Àâ‡æ’¬ßæÕ ·≈–æ‘®“√≥“„Àâ inotropic drug ∂â“®”‡ªìπ

3) ‡æ‘Ë¡ª√‘¡“≥Œ’‚¡‚°≈∫‘π„Àâ‡æ’¬ßæÕ
ºŸâªÉ«¬∑’Ë¡’¿“«–À“¬„®«“¬ §«√¡’√–¥—∫Œ’‚¡‚°≈∫‘π¡“°°«à“ 10 °√—¡/¥≈.

Normal lung Asthma ARDS Restrictive lung

Volume/pressure Volume Pressure or volume Pressure Pressure
target
TV/ P plat 10-12 ml/kg 8-10 ml/kg, 6-8 ml/kg, 5-7 ml/kg,

P plat<35cmH2O P plat<35cmH2O P plat <35cmH2O
Respiratory rate 20-30 15-18 30-40 30-40
(breath/min) (in toddler) (in toddler) (in toddler) (in toddler)
Inspiratory time 0.7-1 sec 0.6-1 sec vary 0.7-1.5 sec, 0.5-0.7 sec

with age, may extend to
avoid auto PEEP increase

oxygenation
PEEP 2-3 cmH2O 0-2 cmH2O 8-10 cmH2O 2-3 cmH2O
FiO2 Usually < 0.4 1 (target < 0.6) 1 (target < 0.8) Usually < 0.5
Flow waveform Constant Decelerating Decelerating Decelerating

µ“√“ß∑’Ë 2  ·π«∑“ß°“√‡√‘Ë¡µ—Èß‡§√◊ËÕß™à«¬À“¬„®™π‘¥ Pediatric Ventilators

TV = tidal volume, Pplat = plateau pressure
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πÕ°®“°π—Èπ§«√≈¥ oxygen demand ‡æ◊ËÕ„Àâ¡’ÕÕ° ‘́‡®π∑’Ë‡æ’¬ßæÕ ́ ÷Ëß “¡“√∂∑”‰¥â‚¥¬°“√„™â control
mode „π°“√™à«¬À“¬„® æ‘®“√≥“„Àâ¬“ sedate ·≈–¬“§≈“¬°≈â“¡‡π◊ÈÕ √«¡∑—Èß°“√§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘°“¬„Àâª°µ‘
‡æ√“–„π¿“«–∑’Ë√à“ß°“¬‡ªìπ‰¢â ®–∑”„Àâ oxygen demand ‡æ‘Ë¡¢÷Èπ

°“√‡ΩÑ“µ‘¥µ“¡√–¥—∫§“√å∫Õπ‰¥ÕÕ°‰´¥å
√–¥—∫ PaCO2 ∑’Ë‡À¡“– ¡ §◊Õ 35-45 ¡¡.ª√Õ∑ „π°√≥’∑’Ë‡°‘¥¿“«– hypoventilation (PaCO2 > 45-50

¡¡.ª√Õ∑) °“√≈¥√–¥—∫§“√å∫Õπ‰¥ÕÕ°‰´¥å∑”‰¥â‚¥¬°“√‡æ‘Ë¡ minute ventilation ́ ÷Ëß¡’ parameters ∑’Ë‡°’Ë¬«¢âÕß
‰¥â·°à tidal volume (À√◊Õ pressure) ·≈–Õ—µ√“°“√™à«¬À“¬„® ·µà§«√®–µâÕßæ‘®“√≥“¥Ÿ«à“ “‡Àµÿ¢Õß¿“«–
hypoventilation πà“®–‡°‘¥®“° “‡Àµÿ„¥ ‡æ◊ËÕ„Àâ°“√·°â ‰¢∑’Ë “‡Àµÿ¥â«¬ ¥—ßµ“√“ß∑’Ë 4

1. §«“¡º‘¥ª°µ‘¢Õß‡§√◊ËÕß™à«¬À“¬„® ·≈–∑àÕ™à«¬À“¬„® ‰¥â·°à ∑àÕ™à«¬À“¬„®Õÿ¥µ—π °“√µ—Èß‡§√◊ËÕß™à«¬À“¬„®
‰¡à‡À¡“– ¡ ºŸâªÉ«¬À“¬„®µâ“π‡§√◊ËÕß

2. °“√‡ª≈’Ë¬π·ª≈ß¢Õßæ¬“∏‘ ¿“æ„π‚√§∑’ËºŸâªÉ«¬‡ªìπ ‰¥â·°à pneumothorax, atelectasis, bronchospasm,
retained secretion, nosocomial pneumonia, decreased cardiac output

3. ¢≥–À√◊ÕÀ≈—ß∑”À—µ∂°“√µà“ßÊ ‰¥â·°à °“√¥Ÿ¥‡ ¡À– °“√∑”°“¬¿“æ∫”∫—¥∑√«ßÕ° °“√‡ª≈’Ë¬π∑à“¢ÕßºŸâªÉ«¬
°“√∑” dialysis ‡ªìπµâπ

4. °“√„Àâ¬“∫“ß™π‘¥ ‰¥â·°à vasodilators, vasopressors, sedation, bronchodilators

µ“√“ß∑’Ë 3   “‡Àµÿ¢Õß¿“«–æ√àÕßÕÕ°´‘‡®π

 “‡Àµÿ¢Õß¿“«– hypoventilation

°“√‡ª≈’Ë¬π·ª≈ß„πµ—«ºŸâªÉ«¬‡Õß ‰¥â·°à
1. °“√‡æ‘Ë¡ dead space ventilation ®“°
    - low cardiac output
    - effective PEEP too high
    - pulmonary embolism

- vasoconstriction in pulmonary circulation
(alveolar hypoxia, drugs)

2. °“√‡æ‘Ë¡ CO2 production
    - high body temperature
    - muscular activity increased

- parenteral nutrition with high carbohydrate
load

3. °“√‡ª≈’Ë¬π·ª≈ß„π ventilatory circuit ‰¥â·°à °“√√—Ë«
¢Õß “¬·≈–¢âÕµàÕµà“ßÊ ¢Õß‡§√◊ËÕß™à«¬À“¬„® √«¡∑—Èß
‡§√◊ËÕß∑”§«“¡™◊Èπ (humidifier)

4. ¡’°“√Õÿ¥µ—π À—°ßÕ À√◊Õ‡§≈◊ËÕπÀ≈ÿ¥¢Õß∑àÕ™à«¬À“¬„®

µ“√“ß∑’Ë 4   “‡Àµÿ·≈–°“√·°â ‰¢¿“«– hypoventilation

«‘∏’·°â‰¢

1. ≈¥ dead space ventilation
- ‡æ‘Ë¡ intravascular volume, inotropic drug
- ≈¥ effective PEEP
- „Àâ heparin and/or vasodilator
- withdraw vasoconstrictor or combine

with vasodilator

2. ≈¥ CO2 production
    - ≈¥‰¢â
    - „Àâ¬“ sedation
    - ≈¥ carbohydrate load

3. ‡™Á§ ·≈–·°â ‰¢§«“¡º‘¥ª°µ‘¥—ß°≈à“«

4. ‡ª≈’Ë¬π∑àÕ™à«¬À“¬„®
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 √ÿª
‡§√◊ËÕß™à«¬À“¬„®‡ªìπÕÿª°√≥å∑’Ë™à«¬ª√–§—∫ª√–§Õß°“√À“¬„®¢ÕßºŸâªÉ«¬∑’ËÕ¬Ÿà„π¿“«–°“√À“¬„®≈â¡‡À≈«

°“√„™â‡§√◊ËÕß™à«¬À“¬„®„π‡¥Á°®”‡ªìπµâÕß¡’§«“¡√Ÿâ §«“¡‡¢â“„®„π°“√∑”ß“π¢Õß‡§√◊ËÕß™à«¬À“¬„®™π‘¥µà“ßÊ ·≈–
 “¡“√∂‡≈◊Õ°„™â‡§√◊ËÕß™à«¬À“¬„®∑’Ë‡À¡“– ¡°—∫µ—«‡¥Á°·≈–æ¬“∏‘ ¿“æ¢Õß‚√§ ∑—Èßπ’È‡æ◊ËÕ„Àâ°“√™à«¬À“¬„®‰¥âº≈
¥’∑’Ë ÿ¥‚¥¬‰¡à‡°‘¥¿“«–·∑√°´âÕπ

·ºπ¿“æ∑’Ë 1   √ÿª·π«∑“ß°“√¥Ÿ·≈ºŸâªÉ«¬∑’Ë„™â‡§√◊ËÕß™à«¬À“¬„®„π‡¥Á°

Initial ventilator setting
depend on diseases

(¥Ÿµ“√“ß∑’Ë 1, 2)

adequate oxygenation
and ventilation
 (SaO2 >90%,

PaCO2 < 45 mmHg)

wean FiO2 to < 0.6 rapidly
for SaO2 >90%

clinical improve

weaning ventilator

stabilized patient
and closed monitor

PaCO2 > 45-50 mmHg
1. À“ “‡Àµÿ (µ“√“ß∑’Ë 4)
2. ‡æ‘Ë¡ minute ventilation ‚¥¬

‡æ‘Ë¡ TV, (PIP) À√◊ÕÕ—µ√“°“√
À“¬„®

3. ≈¥ CO2 production
   - ≈¥‰¢â

- ·°â ‰¢¿“«– sepsis,
hypermetabolic state

   - ≈¥ carbohydrate load

SaO2 < 85-90%
1. À“ “‡Àµÿ (µ“√“ß∑’Ë 3)
2. ‡æ‘Ë¡ oxygen delivery
   - Ventilation

(‡æ‘Ë¡  FiO2, PEEP, MAP)
   - Circulatory

(‡æ‘Ë¡ cardiac output,
intravascular volume)

- Hemoglobin
(keep Hct > 30%)

3. ≈¥ oxygen demand
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