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Mechanical Ventilation in
Pediatric Practice

 π‘∑  ‡√◊Õß√Õß√—µπå

6

‡§√◊ËÕß™à«¬À“¬„®‡ªìπÕÿª°√≥å∑’Ë¡’§«“¡ ”§—≠„π

°“√™à«¬‡À≈◊ÕºŸâªÉ«¬‡¥Á°¿“«–«‘°ƒµ∑’Ë¡’ªí≠À“ respira-

tory failure „πÕ¥’µ¡’°“√„™â‡§√◊ËÕß™à«¬À“¬„®™π‘¥ nega-

tive pressure ventilation À√◊Õ iron lungs ‡æ◊ËÕ√—°…“

ºŸâªÉ«¬∑’Ë‡ªìπ‚√§‚ª≈‘‚Õ µàÕ¡“‰¥â¡’°“√æ—≤π“Õÿª°√≥å‡ªìπ

™π‘¥ positive pressure ventilation ·≈–¡’°“√æ—≤π“

«‘∏’°“√∑”ß“π¢Õß‡§√◊ËÕßÕ¬à“ßµàÕ‡π◊ËÕß‡æ◊ËÕ„ÀâªØ‘ —¡æ—π∏å

√–À«à“ßºŸâªÉ«¬°—∫‡§√◊ËÕß™à«¬À“¬„®¡’§«“¡ ¡¥ÿ≈°—π

‡ªÑ“À¡“¬À≈—°¢Õß°“√„™â‡§√◊ËÕß™à«¬À“¬„®‚¥¬

∑—Ë«‰ª¡’Õ¬Ÿà 3 ª√–°“√1,2

1. ·°â‰¢§«“¡º‘¥ª°µ‘¢Õß°“√·≈°‡ª≈’Ë¬π°ä“´„Àâ

Õ¬Ÿà„π‡°≥±å∑’Ëπà“æÕ„® ‡æ◊ËÕ„Àâ¡’ adequate arterial oxy-

genation ·≈– effective alveolar ventilation

2. ª≈¥¿“√–ß“π (unloading) ¢Õß°≈â“¡‡π◊ÈÕ™à«¬

°“√À“¬„® ‡æ◊ËÕ≈¥ work of breathing

3. ªÑÕß°—π¿“«–·∑√° ấÕπ∑’ËÕ“®‡°‘¥¢÷Èπ®“°“√„™â

‡§√◊ËÕß™à«¬À“¬„®√–À«à“ß∑’Ë√Õ„Àâæ¬“∏‘ ¿“æ∑’ËªÕ¥¥’¢÷Èπ

·π«∑“ßªØ‘∫—µ‘‡æ◊ËÕ„Àâ∫√√≈ÿ‡ªÑ“À¡“¬∑—Èß “¡

ª√–°“√¥—ß°≈à“«„πºŸâªÉ«¬‡¥Á°®”‡ªìπ∑’Ë∑’¡·æ∑¬å·≈–

æ¬“∫“≈µâÕß¡’§«“¡√Ÿâ§«“¡‡¢â“„®„π‡√◊ËÕß°“√„™â‡§√◊ËÕß

™à«¬À“¬„®‡ªìπÕ¬à“ß¥’ ´÷Ëßªí®®ÿ∫—π‡§√◊ËÕß™à«¬À“¬„®∑’Ë

„™â°—π∑—Ë«‰ª„πºŸâªÉ«¬‡¥Á°§◊Õ™π‘¥ positive pressure ven-

tilation

Positive Pressure Ventilation1,4

§◊Õ °“√∑”ß“π¢Õß‡§√◊ËÕß™à«¬À“¬„®∑’Ë„Àâ§«“¡¥—π

∫«° (positive pressure) ‡¢â“‰ª„π√–∫∫°“√À“¬„® ¢Õß

ºŸâªÉ«¬µ≈Õ¥∑—Èß respiratory cycle ‚¥¬¡’§à“ proximal

airway pressure ¡“°°«à“ alveolar pressure ·≈–

‡æ◊ËÕ„Àâ‡¢â“„®≈—°…≥–°“√∑”ß“π¢Õß‡§√◊ËÕß™à«¬À“¬„®

ºŸâ„™â®–µâÕß‡¢â“„®°≈‰°°“√∑”ß“π¢Õß‡§√◊ËÕß™à«¬À“¬„®

∑’Ë·∫àßÕÕ°‡ªìπ™à«ßÊµ“¡≈”¥—∫°“√À“¬„®‡¢â“·≈–À“¬„®

ÕÕ° ´÷Ëß·∫àßÕÕ°‡ªìπ 4 phases ‰¥â·°à

1. Expiratory to inspiratory phase

2. Inspiratory phase

3. Inspiratory to expiratory phase

4. Expiratory phase

1. Expiratory to inspiratory phase (trig-

ger variable) ‡ªìπ™à«ß∑’Ë ”§—≠‡æ√“–‡ªìπ™à«ß∑’Ë

°√–µÿâπ„Àâ‡°‘¥°“√∑”ß“π¢Õß‡§√◊ËÕß™à«¬À“¬„®‡æ◊ËÕ‡√‘Ë¡

°“√À“¬„®‡¢â“ ‚¥¬‡§√◊ËÕß®–«—¥°“√‡ª≈’Ë¬π·ª≈ß¢Õß§à“

pressure, volume, flow À√◊Õ time „π√–∫∫·≈–„™â



66 Pediatric Respiratory and Critical Care

§à“„¥§à“Àπ÷Ëß‡ªìπµ—«°”Àπ¥°“√‡√‘Ë¡°“√À“¬„®‡¢â“ ∑’Ëπ‘¬¡

„™â‰¥â·°à pressure, flow ·≈– time trigger

2. Inspiratory phase (limit variable) ‡ªìπ

™à«ß∑’Ë‡§√◊ËÕß™à«¬À“¬„®®–„™â volume, pressure À√◊Õ

flow §à“„¥§à“Àπ÷Ëß‡ªìπµ—«°”Àπ¥„π°“√™à«¬ºŸâªÉ«¬¢≥–

À“¬„®‡¢â“ ·≈–®”°—¥‰«â‰¡à„Àâ‡°‘π§à“∑’ËºŸâ„™â‰¥âµ—Èß‰«â·≈â«

(preset value) µ≈Õ¥™à«ß°“√À“¬„®‡¢â“

3. Inspiratory to expiratory phase (cycle

variable) ‡ªìπ™à«ß∑’Ë°”Àπ¥°“√ ‘Èπ ÿ¥¢Õß™à«ßÀ“¬„®‡¢â“

‡¡◊ËÕ§à“„¥§à“Àπ÷Ëß¥—ßµàÕ‰ªπ’È ‰¥â·°à pressure cycled,

volume cycled, flow cycled À√◊Õ time cycled ∂÷ß®ÿ¥

∑’ËºŸâ„™âµ—Èß‰«âÀ√◊Õ‡§√◊ËÕß™à«¬À“¬„®°”Àπ¥‰«â

4. Expiratory phase (baseline variable) ‡ªìπ

™à«ß∑’Ë‡§√◊ËÕß™à«¬À“¬„®„™â§«∫§ÿ¡°“√À“¬„®ÕÕ°À√◊Õ™à«ß

‡«≈“°“√À“¬„®ÕÕ° ‚¥¬∑—Ë«‰ª®– “¡“√∂°”Àπ¥ pres-

sure ·≈– expiratory time ‡™àπ °“√µ—Èß positive end-

expiratory pressure (PEEP) ‡æ◊ËÕ™à«¬‡æ‘Ë¡§à“ func-

tional residual capacity (FRC) ∑”„ÀâªÕ¥¢ÕßºŸâªÉ«¬

∑’Ë¡’ªí≠À“°“√§ß ¿“æ¢≥–À“¬„®ÕÕ° ‡™àπ hyaline

membrane disease (HMD) À√◊Õ acute respiratory

distress syndrome (ARDS) „Àâ§ß ¿“æ„°≈â°—∫§à“ª°µ‘

À√◊Õ°“√°”Àπ¥„Àâ expiratory time (Te) π“π°«à“

inspiratory time (Ti) ‡æ◊ËÕ„Àâ¡’‡«≈“æÕ∑’Ë≈¡„π∂ÿß≈¡

·≈–À≈Õ¥≈¡®–∂Ÿ°¢—∫ÕÕ°‰ª‰¥âÀ¡¥ªÑÕß°—π°“√‡°‘¥

air trapping (hyperinflation)

‡¡◊ËÕ√Ÿâ°≈‰°°“√∑”ß“π·≈â« ºŸâ„™â®–µâÕß‡≈◊Õ°‡§√◊ËÕß

™à«¬À“¬„® ·≈–«‘∏’°“√™à«¬À“¬„® (modes) ∑’Ë‡¢â“°—∫

æ¬“∏‘ √’√«‘∑¬“¢Õß‚√§∑’ËºŸâªÉ«¬‡ªìπ ‚¥¬°“√°“√æ‘®“√≥“

Õß§åª√–°Õ∫¥—ßµàÕ‰ªπ’È

°“√µ—Èß‡§√◊ËÕß™à«¬À“¬„®„Àâ‡À¡“– ¡°—∫æ¬“∏‘ √’√«‘∑¬“
¢Õß‚√§1

°“√µ—Èß‡§√◊ËÕß™à«¬À“¬„®®–µâÕß„™â§«“¡√Ÿâæ◊Èπ∞“π

„π‡√◊ËÕßªØ‘ —¡æ—π∏å√–À«à“ß√–∫∫À“¬„®°—∫√–∫∫‰À≈‡«’¬π

‚≈À‘µ ́ ÷ËßºŸâªÉ«¬‡¥Á°∑’ËÕ¬Ÿà„π¿“«–«‘°ƒµ·≈–µâÕß„™â‡§√◊ËÕß

™à«¬À“¬„®Õ“®·∫àßÕÕ°‰¥â‡ªìπ 2 °≈ÿà¡µ“¡≈—°…≥–∑“ß

 √’√«‘∑¬“¢Õß√–∫∫‰À≈‡«’¬π‚≈À‘µ ‰¥â·°à

1. °≈ÿà¡ Preload-dependent

‡ªìπ°≈ÿà¡ºŸâªÉ«¬∑’Ë¡’ cardiac performance ¢÷Èπ

°—∫ªí®®—¬¢Õß preload ‡ªìπÀ≈—°§◊Õ À“°‡æ‘Ë¡À√◊Õ≈¥

ª√‘¡“µ√¢Õß‡≈◊Õ¥„πÀ—«„®ÀâÕß≈à“ß´â“¬°àÕπ∑’Ë®–∫’∫µ—«

(left ventricular end-diastolic volume À√◊Õ LVEDV)

®– àßº≈„Àâ cardiac output (CO) ‡æ‘Ë¡¢÷ÈπÀ√◊Õ≈¥≈ß

‡™àπ‡¥’¬«°—π ‡π◊ËÕß®“° LVEDV Õ¬Ÿà„π ascending limb

¢Õß Starling curve ºŸâªÉ«¬°≈ÿà¡π’È‡ªìπºŸâªÉ«¬ à«π„À≠à∑’Ë‡¢â“

√—∫°“√√—°…“„πÀÕºŸâªÉ«¬«‘°ƒµ ·≈–®–‰¥â√—∫ª√–‚¬™πå®“°

°“√≈¥º≈°√–∑∫∑’Ë‰¡à¥’µàÕ√–∫∫‰À≈‡«’¬π‚≈À‘µ∑’ËÕ“®‡°‘¥

¢÷Èπ¢≥–°“√„™â‡§√◊ËÕß™à«¬À“¬„®„Àâ‡À≈◊ÕπâÕ¬∑’Ë ÿ¥

2. °≈ÿà¡ Afterload-dependent

‡ªìπ°≈ÿà¡ºŸâªÉ«¬∑’Ë¡’ cardiac performance ¢÷Èπ

°—∫ªí®®—¬¢Õß afterload ‡ªìπÀ≈—°§◊Õ À“°∑”„Àâ·√ßµâ“π

∑“π°“√∫’∫µ—«¢ÕßÀ—«„®ÀâÕß≈à“ß´â“¬ (LV afterload) ≈¥

≈ß®–∑”„Àâ CO ‡æ‘Ë¡¢÷Èπ À√◊Õ LV afterload ‡æ‘Ë¡¢÷Èπ

®–∑”„Àâ CO ≈¥≈ß ºŸâªÉ«¬°≈ÿà¡π’È¡—°®–‡ªìπºŸâªÉ«¬∑’Ë¡’

ªí≠À“°≈â“¡‡π◊ÈÕÀ—«„®∑”Àπâ“∑’Ë∫°æ√àÕß ‚¥¬Õ“®¡’ “‡Àµÿ

®“° ‚√§À—«„®∑’Ë‡ªìπ·µà°”‡π‘¥ (congenital heart dis-

ease) À√◊Õ¡’ myocardial dysfunction ®“°¿“«– sep-

sis À√◊Õ septic shock ´÷Ëß¡—°¡’ªí≠À“ fluid overload

Õ¬Ÿà·≈â« ¥—ßπ—ÈπºŸâªÉ«¬®–‰¥â√—∫ª√–‚¬™πå®“°º≈°√–∑∫∑’Ë

¥’µàÕ√–∫∫‰À≈‡«’¬π‚≈À‘µ¢≥–°“√„™â‡§√◊ËÕß™à«¬À“¬„®

°“√≈¥º≈°√–∑∫∑’Ë ‰¡à¥’µàÕ√–∫∫‰À≈‡«’¬π‚≈À‘µ (detri-
mental hemodynamic effects)

‡π◊ËÕß®“°°“√„™â‡§√◊ËÕß™à«¬À“¬„®∑”„Àâ·√ß¥—π„π

∑√«ßÕ° (intrathoracic pressure À√◊Õ ITP) ¡’§à“‡ªìπ

∫«°µ≈Õ¥∑—Èß respiratory cycle ®÷ß¡’º≈∑”„Àâ systemic

venous return ¢ÕßºŸâªÉ«¬≈¥≈ß ∑”„Àâ CO ≈¥≈ß‡™àπ

‡¥’¬«°—π ¥—ßπ—Èπ°“√µ—Èß‡§√◊ËÕß™à«¬À“¬„®‡æ◊ËÕ≈¥º≈°√–∑∫

∑’Ë‰¡à¥’µàÕ√–∫∫‰À≈‡«’¬π‚≈À‘µ ¡’·π«∑“ßªØ‘∫—µ‘¥—ßπ’È

1. °“√µ—Èß‡§√◊ËÕß™à«¬À“¬„®‡æ◊ËÕªÑÕß°—π°“√‡°‘¥
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hyperinflation ¢ÕßªÕ¥ ‚¥¬

- °“√µ—Èß PEEP „Àâ§à“µË” ÿ¥‡∑à“∑’Ë®”‡ªìπ

- ª√—∫ À√◊Õ §Õ¬µ√«® Õ∫ Te „Àâ‡À¡“–

 ¡‰¡à —Èπ®π‡°‘π‰ª ·≈–√–«—ß°“√‡°‘¥ dynamic hyper-

inflation (‡ªìπº≈®“°°“√„™â Te ∑’Ë —Èπ‡°‘π‰ª  àßº≈„Àâ

¡’≈¡§â“ß„πªÕ¥¡“°¢÷Èπ ·≈–º≈∑’Ëµ“¡¡“§◊Õ ·√ß¥—π„π

∂ÿß≈¡®– Ÿß°«à“ airway opening pressure ∑”„Àâ‡°‘¥

auto-PEEP) ºŸâªÉ«¬®–À“¬„®≈”∫“°·≈–„™âæ≈—ßß“π¡“°

¢÷Èπ

2. °“√§«∫§ÿ¡ peak inspiratory pressure (PIP)

·≈– mean airway pressure (MAP) ‰¡à„Àâ Ÿß‡°‘π§«“¡

®”‡ªìπ ‚¥¬

- ≈¥ bronchomotor tone „πºŸâªÉ«¬∑’Ë¡’

ªí≠À“¥â«¬°“√„™â¬“¢¬“¬À≈Õ¥≈¡

- ≈¥ inspiratory flow rate ´÷Ëß®–™à«¬≈¥

PIP ‰¥â

- ‡≈◊Õ°„™â mode ∑’ËºŸâªÉ«¬ “¡“√∂À“¬„®‰¥â

‡Õß (spontaneous breathing) ®–™à«¬≈¥ PIP ‰¥â

3. °“√§«∫§ÿ¡„ÀâºŸâªÉ«¬¡’°“√‡ª≈’Ë¬π·ª≈ß¢Õß

ITP πâÕ¬∑’Ë ÿ¥

4. °“√≈¥ work of breathing (WOB) „π¢≥–∑’Ë

¬—ß§ß„ÀâºŸâªÉ«¬‡√‘Ë¡µâπ°“√À“¬„®‡Õß ‚¥¬

- ª√—∫ flow pattern „Àâ‡¢â“°—∫ºŸâªÉ«¬¡“°∑’Ë ÿ¥

‚¥¬°“√‡≈◊Õ°„™â mode ∑’ËºŸâªÉ«¬§«∫§ÿ¡ flow rate ‰¥â

‡Õß ‡™àπ pressure support mode ́ ÷Ëß¡’¢âÕ¬°‡«âπ°√≥’

∑’ËªÕ¥¡’§«“¡º‘¥ª°µ‘Õ¬à“ß√ÿπ·√ß ®”‡ªìπµâÕß„Àâ°“√™à«¬

À“¬„®‡µÁ¡∑’Ë (full support)

- ≈¥ trigger threshold  ”À√—∫ assisted

breath ªí®®ÿ∫—π„π‡§√◊ËÕß√ÿàπ„À¡à®–·π–π”„Àâ„™â flow trig-

ger  ”À√—∫ºŸâªÉ«¬‡¥Á°‡≈Á°

°“√ àß‡ √‘¡º≈°√–∑∫∑’Ë¥’µàÕ√–∫∫‰À≈‡«’¬π‚≈À‘µ (be-
neficial hemodynamic effects)

‡π◊ËÕß®“°°“√„™â‡§√◊ËÕß™à«¬À“¬„®∑”„Àâ ITP ¡’§à“

‡ªìπ∫«°µ≈Õ¥∑—Èß respiratory cycle ¥—ßπ—Èπ®÷ß¡’º≈™à«¬

≈¥ LV afterload °“√µ—Èß‡§√◊ËÕß™à«¬À“¬„®‡æ◊ËÕ àß‡ √‘¡

„Àâ‡°‘¥º≈°√–∑∫∑’Ë¥’µàÕ°“√∑”ß“π¢Õß√–∫∫‰À≈‡«’¬π

‚≈À‘µ ®÷ß¡’ à«π ”§—≠„π°“√√—°…“ºŸâªÉ«¬ ‚¥¬¡’·π«∑“ß

ªØ‘∫—µ‘¥—ßπ’È

1. °“√·°â‰¢„Àâª√‘¡“µ√ªÕ¥„°≈â‡§’¬ß§à“ FRC

ª°µ‘ ‡æ◊ËÕ∑’Ë®–„Àâ pulmonary vascular resistance

(PVR) ≈¥µË”∑’Ë ÿ¥‰¥â ‚¥¬

- ªÑÕß°—π°“√‡°‘¥ dynamic hyperinflation

‚¥¬‡©æ“–ºŸâªÉ«¬„π°≈ÿà¡ obstructive lung disease ‡™àπ

meconium aspiration syndrome, acute bronchioli-

tis, acute exacerbation of asthma ‡ªìπµâπ ‚¥¬°“√

ª√—∫„Àâ Te ‰¡à —Èπ®π‡°‘π‰ª

- „™â PEEP ∑’Ë‡À¡“– ¡„π°√≥’¢Õß diffuse

parenchymal lung disease ‡™àπ HMD, ARDS ‡ªìπµâπ

2. §«∫§ÿ¡„Àâ ITP ¡’°“√‡ª≈’Ë¬π·ª≈ßπâÕ¬∑’Ë ÿ¥

‡æ◊ËÕªÑÕß°—π‰¡à„Àâ LV afterload  Ÿß¢÷Èπ ‚¥¬

- ≈¥ trigger threshold  ”À√—∫ assisted

breath ·π–π”„Àâ„™â flow trigger

- æ‘®“√≥“„™â PEEP ™à«¬‡æ◊ËÕ‰¡à„Àâ ITP ≈¥

µË”≈ß¡“°„π°√≥’ºŸâªÉ«¬∑’Ë‡°‘¥ auto-PEEP

- ≈¥ extrinsic airway resistance ¢Õß res-

piratory circuit ‰¥â·°à À≈’°‡≈’Ë¬ß°“√„™â∑àÕ™à«¬À“¬„®

¢π“¥∑’Ë‡≈Á°‡°‘π‰ª À√◊Õ °“√‡≈◊Õ° mode ∑’Ë®–™à«¬≈¥

WOB ¢ÕßºŸâªÉ«¬∑’ËÀ“¬„®ºà“π∑àÕ™à«¬À“¬„®¢π“¥‡≈Á°

‡™àπ pressure support mode

3. °“√ª√—∫‡æ‘Ë¡ setting ¢Õß‡§√◊ËÕß™à«¬À“¬„®·°à

ºŸâªÉ«¬∑’Ë¡’ intravascular volume ‡æ’¬ßæÕ·≈â«‡∑à“π—Èπ

·≈–æ‘®“√≥“„™â inotropic drugs ‡¡◊ËÕ¡’¢âÕ∫àß™’È

Terminology1,3,5

°“√„™â‡§√◊ËÕß™à«¬À“¬„®¡’§” (terminology) ∑’Ë

ºŸâ„™â®–µâÕß√Ÿâ·≈–‡¢â“„®°àÕπ¥—ßµàÕ‰ªπ’È

1. Tidal volume (TV) §◊Õ ª√‘¡“µ√¢Õß≈¡∑’Ë

ºŸâªÉ«¬À“¬„®‡¢â“À√◊ÕÕÕ°µàÕ°“√À“¬„®Àπ÷Ëß§√—Èß

2. FRC §◊Õ §à“ª√‘¡“µ√¢Õß≈¡„πªÕ¥¢≥–∑’Ë
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ºŸâªÉ«¬À“¬„®ÕÕ°ª°µ‘

3. Flow rate §◊Õ Õ—µ√“°“√‰À≈¢Õß°ä“´∑’Ëª√—∫

µ—Èß‚¥¬ºŸâ„™âÀ√◊Õ°”Àπ¥®“° mode ¢Õß‡§√◊ËÕß ·≈–¡’Õ¬Ÿà

2 ·∫∫‰¥â·°à continuous flow ·≈– demand flow ‚¥¬∑’Ë

continuous flow À¡“¬∂÷ß ‡§√◊ËÕß™à«¬À“¬„®®–„Àâ°ä“´

‡¢â“ ventilator circuit µ≈Õ¥∑—Èß respiratory cycle  à«π

demand flow À¡“¬∂÷ß ‡§√◊ËÕß™à«¬À“¬„®®–„Àâ°ä“´‡¢â“

ventilator circuit ‡©æ“–™à«ßÀ“¬„®‡¢â“·≈–ºŸâªÉ«¬®–µâÕß

„™â inspiratory effort ‡ªî¥ demand valve ‡æ◊ËÕ„Àâ°ä“´

‰À≈‡¢â“ ventilator circuit

4. Flow pattern §◊Õ √Ÿª·∫∫Õ—µ√“°“√‰À≈¢Õß

°ä“´ÕÕ°®“°‡§√◊ËÕß™à«¬À“¬„® ´÷Ëß¥Ÿ‰¥â®“° flow wave

form ∑’Ë¡’≈—°…≥–‡¥àπ‰¥â·°à constant flow, decelerat-

ing flow ·≈– sinusoidal flow (sine wave)

5. Respiratory rate (RR) §◊Õ Õ—µ√“°“√À“¬„®

°“√ª√—∫µ—Èß¢÷Èπ°—∫§à“ TV ∑’Ë°”Àπ¥ æ¬“∏‘ ¿“æ¢Õß

√–∫∫À“¬„® §à“ PaCO2 ∑’ËµâÕß°“√ ·≈–Õ—µ√“°“√À“¬„®

ª°µ‘¢ÕßºŸâªÉ«¬

6. Ti and Te §◊Õ ‡«≈“∑’ËºŸâ„™â‡§√◊ËÕß°”Àπ¥„Àâ

≈¡‡¢â“À√◊ÕÕÕ°®“°ªÕ¥¢ÕßºŸâªÉ«¬ ®–ª√—∫æ√âÕ¡§à“  I:E

ratio §à“∑’Ë°”Àπ¥®–‰¥â¡“®“°°“√§”π«≥¢Õß ¡°“√

compliance X resistance ‡√’¬°«à“ time constant

¥—ßπ—Èπ∂â“ºŸâªÉ«¬‡ªìπ‚√§∑’Ë¡’ resistance  Ÿß¢÷Èπ ‡™àπ

asthma, acute bronchiolitis ºŸâ„™â®–µâÕßª√—∫§à“ Te

„Àâ¬“«¢÷Èπ ·µà∂â“ºŸâªÉ«¬‡ªìπ‚√§∑’Ë¡’ compliance ≈¥≈ß

‡™àπ HMD, ARDS ºŸâ„™â®– “¡“√∂ª√—∫„™â§à“ Ti ·≈–/

À√◊Õ Te „Àâ —Èπ°«à“ª°µ‘‰¥â ‚¥¬ª°µ‘§à“ Ti, Te ®–

ª√–¡“≥ 3-5 ‡∑à“¢Õß time constant ‡™àπ ∑“√°ª°µ‘

compliance = 0.004 L/cmH2O, resistance = 30

cmH2O/L/s §à“ time constant = 0.12 sec  à«π°“√

µ—Èß§à“ I:E ratio Õ“»—¬À≈—°∑’Ë«à“ª°µ‘°“√À“¬„®ÕÕ°

µâÕß°“√‡«≈“¡“°°«à“ °“√À“¬„®‡¢â“ ®÷ß¡—°µ—Èß I:E ratio

Õ¬Ÿà√–À«à“ß 1 : 2 À√◊Õ 1 : 3

7. PIP §◊Õ §à“ Ÿß ÿ¥¢Õß airway pressure „π

™à«ß°“√À“¬„®‡¢â“¢≥–„™â‡§√◊ËÕß™à«¬À“¬„® °“√ª√—∫µ—Èß

§à“∑’Ë‡À¡“– ¡¥Ÿ‰¥â®“°°“√‡§≈◊ËÕπ¢÷Èπ≈ß¢Õß∑√«ßÕ°

ºŸâªÉ«¬ À√◊Õ®“°°“√øíß‡ ’¬ßÀ“¬„® ¢Õß≈¡∑’Ë‡¢â“ÕÕ° (air

entry) ‚¥¬∑—Ë«‰ª§à“ PIP ®–‡ª≈’Ë¬π·ª≈ß‰ªµ“¡ flow

rate ·≈– Ti  ‡™àπ ∂â“ flow rate  Ÿß¢÷Èπ PIP ®– Ÿß¢÷Èπ

‡ªìπ —¥ à«π°—π‰ª

8. PEEP §◊Õ §à“µË” ÿ¥¢Õß airway pressure

„π™à«ßÀ“¬„®ÕÕ° „πºŸâªÉ«¬∑’ËµâÕß„ à∑àÕ™à«¬À“¬„® physi-

ologic PEEP ®–À“¬‰ª ¥—ßπ—Èπ‡«≈“ª√—∫µ—Èß‡§√◊ËÕß™à«¬

À“¬„®µ“¡ª°µ‘®–ª√—∫„Àâ¡’§à“ PEEP Õ¬Ÿàª√–¡“≥ 2-3

cmH2O ‡æ◊ËÕªÑÕß°—π microatelectasis  à«π„π°√≥’∑’Ë

æ¬“∏‘ ¿“æ¢ÕßªÕ¥‡ªìπ™π‘¥∑’Ë¡’ lung compliance µË”

°“√„™â PEEP ∑’Ë Ÿß¢÷Èπ®–∑”„Àâ°“√·≈°‡ª≈’Ë¬π°ä“´¥’¬‘Ëß¢÷Èπ

°“√‡≈◊Õ°„™â PEEP ∑’Ë‡À¡“– ¡ (optimum PEEP) ®–

 “¡“√∂À≈’°‡≈’Ë¬ß°“√„™â FiO2 > 0.6 ‚¥¬∑’ËºŸâªÉ«¬¡’§à“

PaO2 ·≈– SaO2 ¡“°°«à“ 60 mmHg ·≈– 90% µ“¡

≈”¥—∫ ´÷Ëß‰¡à∑”„Àâ CO, urine output ≈¥≈ß·≈–‰¡à‡°‘¥

barotrauma ‡™àπ pneumothorax (¢âÕ·π–π” „π‡¥Á°

∑“√°À√◊Õ‡¥Á°‡≈Á°‰¡à§«√µ—Èß PEEP  Ÿß‡°‘π 8 cmH2O

∂â“‡ªìπ‡¥Á°‚µ‰¡à§«√µ—Èß PEEP  Ÿß‡°‘π 15 cmH2O)

9. MAP (mean airway pressure) §◊Õ §à“‡©≈’Ë¬

¢Õß§«“¡¥—π„π√–∫∫À“¬„®®“°“√„™â‡§√◊ËÕß™à«¬À“¬„®

´÷Ëß‡°‘¥„π™à«ßÀ“¬„®‡¢â“ °“√‡æ‘Ë¡¢÷Èπ¢Õß MAP ®–

 —¡æ—π∏å°—∫°“√‡æ‘Ë¡§à“ PEEP, PIP, I:E ratio À√◊Õ

inspiratory flow °“√ª√—∫ setting ‡æ◊ËÕ‡æ‘Ë¡ MAP ®–

∑”„Àâ oxygenation ¢ÕßºŸâªÉ«¬¥’¢÷Èπ ‡π◊ËÕß®“°°“√≈¥

≈ß¢Õß®”π«π∂ÿß≈¡∑’Ë·ø∫·≈–™à«¬„Àâ “√πÈ”∑’ËÕ¬Ÿà„π∂ÿß

≈¡°√–®“¬ÕÕ°‰ª∫√‘‡«≥ interstitial tissues ¥—ßπ—Èπ ºŸâ„™â

®÷ß§«√‡≈◊Õ°∑’Ë®–ª√—∫ setting ‡æ◊ËÕ‡æ‘Ë¡§à“ MAP °—∫

ºŸâªÉ«¬∑’Ë¡’¿“«– hypoxemia ́ ÷Ëß‰¡àµÕ∫ πÕßµàÕ°“√‡æ‘Ë¡

FiO2 > 0.5

10. FiO2 (fractional inspire oxygen concen-

tration) §◊Õ §à“§«“¡‡¢â¡¢âπ¢ÕßÕÕ°´‘‡®π„π°ä“´ ∑’Ë„Àâ°—∫

ºŸâªÉ«¬ ‡æ◊ËÕ™à«¬·°â‰¢¿“«– hypoxemia ·≈–¬—ß∑”Àπâ“

∑’Ë‡ªìπ pulmonary vasodilator ∑’Ë¥’ ‚¥¬∑—Ë«‰ª„π√–¬–

‡√‘Ë¡µâπ¢Õß°“√„™â‡§√◊ËÕß™à«¬À“¬„®¡—°®–ª√—∫ FiO2 = 1
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µàÕ¡“À≈—ß®“°∑’ËÕ“°“√¢ÕßºŸâªÉ«¬¥’¢÷Èπ ®÷ß§àÕ¬Ê ª√—∫„Àâ

FiO2 ≈¥≈ß§√—Èß≈– 0.05-0.1„Àâ‡À≈◊ÕπâÕ¬ ÿ¥‡∑à“∑’Ë®–

ª√—∫‰¥â ‡æ√“–∂â“ºŸâªÉ«¬‰¥â FiO2 > 0.5 π“πÊ ®–∑”„Àâ‡°‘¥

oxygen toxicity

11. Sensitivity §◊Õ §à“¢Õß trigger threshold

 ”À√—∫ assisted breath ·µà≈–§√—Èß §«√ª√—∫µ—Èß„Àâ

‡À¡“– ¡°—∫∑àÕ™à«¬À“¬„®·≈– circuit ‡æ◊ËÕ‰¡à„ÀâºŸâªÉ«¬

µâÕß„™â·√ß¡“°‡°‘π‰ª ‚¥¬∑—Ë«‰ª∂â“„™â pressure trig-

ger ¡—°µ—Èß‰«âª√–¡“≥ (-1)-(-2 ) cmH2O À√◊Õ‡§√◊ËÕß∑’Ë

¡’ flow trigger ¡—°®–µ—Èß‰«âª√–¡“≥ 1-3 L/min. ¢âÕ

§«√√–«—ß∂â“µ—Èß sensitivity µË”‡°‘π‰ª®–∑”„Àâ‡°‘¥

autocycling

12. PaO2 §◊Õ §à“§«“¡¥—π¢Õß°ä“´ÕÕ°´‘‡®π„π

‡≈◊Õ¥·¥ß

13. PaCO2 §◊Õ §à“§«“¡¥—π¢Õß°ä“´§“√å∫Õπ

‰¥ÕÕ°‰´¥å„π‡≈◊Õ¥·¥ß

14. SpO2 §◊Õ §à“ oxygen saturation ¢Õß

Œ’‚¡‚°≈∫‘π„π‡≈◊Õ¥·¥ß∑’Ë«—¥®“° pulse oximetry

15. Compliance §◊Õ °“√·¢Áß¢÷Èπ (stiffness) À√◊Õ

¬◊¥À¬ÿàπ (distensibility) ¢ÕßªÕ¥·≈–ºπ—ß∑√«ßÕ°

§”π«≥‰¥â®“° —¥ à«π°“√‡ª≈’Ë¬π·ª≈ß¢Õßª√‘¡“µ√ªÕ¥

(volume) µàÕ°“√‡ª≈’Ë¬π·ª≈ß¢Õß·√ß¥—π„π∑√«ßÕ°

(pressure)

16. Resistance §◊Õ º≈√«¡¢Õß·√ßµâ“π∑“πµàÕ

°“√‰À≈¢Õß°ä“´∑’Ë‡°‘¥¢÷Èπ„π∑“ß‡¥‘πÀ“¬„® ·≈– à«π‡π◊ÈÕ

‡¬◊ËÕ¢ÕßªÕ¥·≈–ºπ—ß∑√«ßÕ°

Mode µà“ßÊ ¢Õß°“√™à«¬À“¬„®
«‘∏÷°“√™à«¬À“¬„®·∫àß‡ªìπ™π‘¥µà“ßÊ ‰¥â¥—ßπ’È 1-5

- Controlled mechanical ventilation (CMV)

‡ªìπ«‘∏’°“√™à«¬À“¬„®∑’Ë‡§√◊ËÕß™à«¬À“¬„®∑”Àπâ“∑’Ë·∑π

ºŸâªÉ«¬∑—ÈßÀ¡¥ ºŸâ„™â®–‡ªìπ§π°”Àπ¥§à“ TV, RR, Ti ·≈–

flow waveform

- Assisted mechanical ventilation (AMV)

‡ªìπ«‘∏’°“√™à«¬À“¬„®∑’Ë‡§√◊ËÕß™à«¬À“¬„®®–∑”Àπâ“∑’Ë

·∑πºŸâªÉ«¬ ·µà«‘∏’π’È°“√À“¬„®¢ÕßºŸâªÉ«¬®–°√–µÿâπ„Àâ

‡§√◊ËÕß∑”ß“π ºŸâ„™â®–‡ªìπ§π°”Àπ¥§à“ TV, Ti, ·≈– flow

waveform ‡À¡◊Õπ°—∫°“√„™â CMV µà“ß°—π∑’ËÕ—µ√“°“√

À“¬„®‡ªìπ¢ÕßºŸâªÉ«¬

- Assist-control ventilation (A/C) ‡ªìπ«‘∏’

°“√™à«¬À“¬„®∑’Ë‡§√◊ËÕß™à«¬À“¬„®®–∂Ÿ°°√–µÿâπ‚¥¬°“√

À“¬„®¢ÕßºŸâªÉ«¬∫“ß à«πÀ√◊Õ∑—ÈßÀ¡¥ ¢÷Èπ°—∫Õ—µ√“°“√

À“¬„®¢ÕßºŸâªÉ«¬·≈–Õ—µ√“À“¬„®∑’Ëµ—Èß‰«â„Àâ°—∫‡§√◊ËÕß™à«¬

À“¬„® ‡™àπ ∂â“Õ—µ√“°“√À“¬„®¢ÕßºŸâªÉ«¬ Ÿß°«à“Õ—µ√“

À“¬„®¢Õß‡§√◊ËÕß™à«¬À“¬„® ‡§√◊ËÕß™à«¬À“¬„®°Á®–∂Ÿ°

°√–µÿâπ°“√∑”ß“π‚¥¬ºŸâªÉ«¬‡Õß∑—ÈßÀ¡¥ ‡ªìπ°“√º ¡

º “π°“√∑”ß“π√–À«à“ß CMV ·≈– AMV ∂â“ºŸâªÉ«¬‰¡à

À“¬„®‡Õß„π‡«≈“∑’Ë°”Àπ¥ ‡§√◊ËÕß°Á®–™à«¬À“¬„®¥â«¬

Õ—µ√“∑’Ëµ—Èß‰«â (backup rate) °“√™à«¬À“¬„®«‘∏’π’È®–∑”

‚¥¬‡§√◊ËÕß™à«¬À“¬„®∑—ÈßÀ¡¥ (full support) ºŸâªÉ«¬®–

ÕÕ°·√ß‡æ’¬ß°√–µÿâπ„Àâ‡§√◊ËÕß∑”ß“π ´÷Ëßª√‘¡“≥ß“π

(WOB) ®–¢÷Èπ°—∫ sensitivity, peak inspiratory flow

·≈– respiratory drive ¢ÕßºŸâªÉ«¬‡Õß °“√µ—Èß inspira-

tory flow rate ®÷ß¡’§«“¡ ”§—≠¡“° §«√„Àâ‡æ’¬ßæÕ

°—∫ flow demand ¢ÕßºŸâªÉ«¬ ∂â“ flow rate ‰¡àæÕ

ºŸâªÉ«¬®–µâÕß‡æ‘Ë¡·√ß„π°“√À“¬„®¡“°¢÷Èπ ‚¥¬∑—Ë«‰ª§à“

flow demand ®–¢÷Èπ°—∫ minute ventilation ¢ÕßºŸâªÉ«¬

- Intermittent mandatory ventilation (IMV)

‡ªìπ«‘∏’°“√™à«¬À“¬„®‚¥¬„Àâ‡§√◊ËÕß™à«¬À“¬„®∑”ß“π

 ≈—∫°—∫®—ßÀ«–°“√À“¬„®‡Õß (spontaneous breathing)

¢ÕßºŸâªÉ«¬ «‘∏’π’Èπ‘¬¡„™â ”À√—∫°“√‡µ√’¬¡ºŸâªÉ«¬„π°“√∑’Ë

®–À¬ÿ¥„™â‡§√◊ËÕß™à«¬À“¬„® ‚¥¬°“√∑’Ë≈¥Õ—µ√“°“√∑”ß“π

¢Õß‡§√◊ËÕß™à«¬À“¬„®≈ß‡√◊ËÕ¬Ê „π¢≥–∑’Ëª≈àÕ¬„ÀâºŸâªÉ«¬

À“¬„®‡Õß‡æ‘Ë¡¢÷Èπ ªí≠À“¢Õß IMV §◊Õ ∫“ß§√—Èß®—ßÀ«–

¢Õß IMV ®–µ√ß°—∫™à«ßÀ“¬„®ÕÕ°¢ÕßºŸâªÉ«¬ ∑”„Àâ‡°‘¥

°“√µâ“π‡§√◊ËÕß‰¥â

- Synchronized intermittent mandatory

ventilation (SIMV) ‡ªìπ«‘∏’ IMV ∑’Ë‡§√◊ËÕß®–ª√—∫®—ßÀ«–

IMV „Àâµ√ß°—∫®—ßÀ«–∑’ËºŸâªÉ«¬‡√‘Ë¡À“¬„®‡Õß ‚Õ°“ ∑’Ë

®–‡°‘¥°“√µâ“π‡§√◊ËÕß°Á®–≈¥≈ß ´÷ËßÀ≈—°°“√∑”ß“π®–
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§≈â“¬°—∫ AMV ·µà®”π«π§√—Èß∑’Ë‡§√◊ËÕß™à«¬À“¬„®®–§ß

∑’Ëµ“¡∑’Ë°”Àπ¥‰«â ‚¥¬ºŸâªÉ«¬®–À“¬„®‡Õß„π™à«ß

√–À«à“ß§√—Èß¢Õß°“√™à«¬À“¬„® ¢âÕ¥’¢Õß IMV/SIMV

‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫ CMV §◊Õ ¡’°“√µâ“π‡§√◊ËÕßπâÕ¬°«à“

∑”„Àâ°“√„™â¬“ sedation ·≈– muscle relaxant ≈¥≈ß,

§à“ MAP µË”°«à“∑”„Àâ¡’º≈¥’µàÕ CO, ≈¥°“√‡°‘¥ respi-

ratory alkalosis, ·≈–™à«ß∑’ËºŸâªÉ«¬À“¬„®‡Õß ∑”„Àâ gas

distribution ‰ª¬—ß dependent lung ¡“°¢÷Èπ ∑”„Àâ

°“√·≈°‡ª≈’Ë¬π°ä“´¥’°«à“°“√™à«¬À“¬„®¥â«¬‡§√◊ËÕß

¢âÕ‡ ’¬§◊Õ ºŸâªÉ«¬Õ“®‰¡à‰¥â√—∫ ventilatory support ∑’Ë

‡æ’¬ßæÕ ·≈–Õ“®¡’°“√„™â·√ß„π°“√À“¬„®‡æ‘Ë¡¢÷Èπ∂â“

¢≥–∑’ËºŸâªÉ«¬À“¬„®‡Õß¡’ flow rate ‰¡à‡æ’¬ßæÕ, demand

valve ¡’ sensitivity  ŸßÀ√◊Õ respiratory circuit ¡’ re-

sistance  Ÿß

- Pressure support ventilation (PSV) À√◊Õ

∫“ß§π‡√’¬°«à“ inspiratory assist ‡ªìπ«‘∏’°“√™à«¬À“¬„®

∑’Ë‡§√◊ËÕß™à«¬À“¬„® “¡“√∂„Àâ flow rate ‡ √‘¡‡¢â“¡“

„π√–∫∫¢Õß∑àÕ∑“ß‡¥‘πÀ“¬„®„π¢≥–∑’ËºŸâªÉ«¬À“¬„®‡Õß

‡æ◊ËÕ®–™à«¬≈¥ resistance ¢Õß circuit, demand valve

¢Õß‡§√◊ËÕß·≈– endotracheal tube ¢ÕßºŸâªÉ«¬ ¢≥–„™â

‡§√◊ËÕß®–∑”ß“π —¡æ—π∏å°—∫ºŸâªÉ«¬‰¥â¥’‡æ√“–ºŸâªÉ«¬®–‡ªìπ

ºŸâ°”Àπ¥Õ—µ√“°“√À“¬„® ·≈–‡«≈“∑’Ë„™â¢≥–À“¬„®‡¢â“

‚¥¬‡§√◊ËÕß®–°”Àπ¥®ÿ¥ ‘Èπ ÿ¥¥â«¬ flow (flow-cycled)

À√◊Õ‡«≈“ (∂â“ Ti ‡°‘π√âÕ¬≈– 80 ¢Õß‡«≈“√«¡∑’Ë„™âÀ“¬„®

µàÕ§√—Èß) §à“ TV ∑’Ë‰¥â°Á®–‡ª≈’Ë¬π·ª≈ß‰ªµ“¡ pressure

∑’Ëµ—Èß‰«â·≈–§«“¡µâÕß°“√¢ÕßºŸâªÉ«¬‡Õß °“√„™â PSV ‰¡à

‡À¡“–°—∫ºŸâªÉ«¬∑’Ë‰¡àÀ“¬„®‡ÕßÀ√◊Õ‰¡à¡’·√ßæÕ®–‡ªî¥

demand valve

™π‘¥¢Õß‡§√◊ËÕß™à«¬À“¬„®·≈–«‘∏’„™â
‡§√◊ËÕß™à«¬À“¬„®„π‡¥Á°‚µ “¡“√∂·∫àß‰¥â‡ªìπ 2

°≈ÿà¡„À≠àÊ §◊Õ volume ventilator ·≈– pressure ven-

tilator

1. Volume ventilator §◊Õ ‡§√◊ËÕß™à«¬À“¬„®∑’Ë

§«∫§ÿ¡ volume „Àâ§ß∑’Ë·µà pressure ∑’Ë‡°‘¥¢÷Èπ®–‡ª≈’Ë¬π

·ª≈ß‰ªµ“¡ compliance ·≈– resistance ¢ÕßºŸâªÉ«¬

·≈–‡§√◊ËÕß™à«¬À“¬„® °≈‰°°“√∑”ß“πÕ“®‡ªìπ volume-

cycled §◊Õ ®ÿ¥ ‘Èπ ÿ¥°“√À“¬„®‡¢â“∂Ÿ°°”Àπ¥ ‚¥¬

ª√‘¡“µ√∑’Ë„Àâ À√◊Õ‡ªìπ volume-controlled §◊Õ ‡§√◊ËÕß

®–«—¥ª√‘¡“µ√∑’Ë‡°‘¥¢÷Èπ·≈–„™âª√‘¡“µ√π—Èπ§«∫§ÿ¡

volume À√◊Õ flow „Àâ§ß∑’Ë∑ÿ°Ê respiratory cycle

‡§√◊ËÕß∑’Ë¡’„™âÕ¬Ÿà ‡™àπ Puritan-Bennett ·≈– Siemens

servo

‡¡◊ËÕ‡√‘Ë¡„™â‡§√◊ËÕßºŸâ„™â®–µâÕß°”Àπ¥§à“ TV À√◊Õ

minute volume (TV X RR), Ti/pause time, RR,

high pressure limit alarm, low and high minute

volume alarm, PEEP, trigger sensitivity, FiO2 ∂â“

‡ªìπ‡§√◊ËÕß√ÿàπ„À¡àÊ ®–¡’ microprocessor ∑’Ë “¡“√∂

°”Àπ¥ flow waveform ·∫∫µà“ßÊ ‰¥â ‡™àπ square,

sinusoidal À√◊Õ accelerating or decelerating ramp

ª√–‚¬™πå∑’Ë‰¥â®“° flow waveform „π≈—°…≥–µà“ßÊ

¬—ß‰¡à¡’À≈—°∞“π™—¥‡®π ·µàæ∫«à“‡¡◊ËÕ„™â decelerating

flow waveform ®–¡’§à“ MAP ∑’Ë Ÿß°«à“ ·≈–§à“ PIP ∑’Ë

µË”°«à“ square waveform ∑”„Àâ¡’°“√·æ√à°√–®“¬¢Õß

°ä“´∑’Ë¥’°«à“ ‚¥¬∑—Ë«‰ª flow ∑’Ë‡§√◊ËÕß„Àâ®–‡ªìπ demand

flow ·≈–¡’ flow waveform ·∫∫ square waveform

´÷Ëß —¡æ—π∏å°—∫§à“ TV ·≈– Ti  (µ“√“ß∑’Ë 1)

2. Pressure ventilator §◊Õ ‡§√◊ËÕß™à«¬À“¬„®

∑’Ë§«∫§ÿ¡ pressure „Àâ§ß∑’Ë  à«π volume ∑’Ë‰¥â®–

‡ª≈’Ë¬π·ª≈ß‰ªµ“¡ compliance ·≈– resistance ¢Õß

ºŸâªÉ«¬·≈–‡§√◊ËÕß™à«¬À“¬„® °≈‰°°“√∑”ß“πÕ“®‡ªìπ

pressure-cycled §◊Õ ®ÿ¥ ‘Èπ ÿ¥°“√À“¬„®‡¢â“∂Ÿ°°”Àπ¥

‚¥¬ PIP ∑’Ëµ—Èß‰«â flow „π‡§√◊ËÕß™π‘¥π’È®–‡ªìπ constant

flow ·≈–‡ªìπµ—«°”Àπ¥ Ti ‡¡◊ËÕ flow rate  Ÿß Ti ®–

 —Èπ‡æ√“– PIP ∂÷ß®ÿ¥∑’Ë°”Àπ¥‰«â‡√Á« ‡§√◊ËÕß™à«¬À“¬„®

∑’Ë„™â°≈‰°π’È ‰¥â·°à Bird ventilator ´÷Ëß‰¡àπ‘¬¡„™â„π‡¥Á°

Pressure ventilator „πªí®®ÿ∫—π∑’Ëπ‘¬¡„™â‡ªìπ pressure-

controlled §◊Õ ‡§√◊ËÕß®–„Àâ flow waveform ‡ªìπ·∫∫

decelerating flow waveform ·≈– “¡“√∂§«∫§ÿ¡




