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Predictors of Weaning from
Mechanical Ventilation

 π‘µ√“  »‘√‘∏“ß°ÿ≈

10

„π°“√æ‘®“√≥“«à“ºŸâªÉ«¬√“¬„¥æ√âÕ¡∑’Ë®–À¬ÿ¥„™â

‡§√◊ËÕß™à«¬À“¬„® (weaning from mechanical venti-

lation) π—Èπ µâÕß§”π÷ß∂÷ßªí®®—¬ ”§—≠ 3 ª√–°“√ §◊Õ

æ¬“∏‘ ¿“æ∑’Ë‡ªìπ “‡Àµÿ∑”„ÀâºŸâªÉ«¬µâÕß„™â‡§√◊ËÕß™à«¬

À“¬„® ∑—Èßπ’È√«¡∂÷ßæ¬“∏‘ ¿“æ∑’Ë‡°‘¥„À¡à®“°º≈·∑√°

´âÕπµâÕß¥’¢÷Èπ‡æ’¬ßæÕ ºŸâªÉ«¬µâÕß¡’°”≈—ß ”√Õß„π°“√

À“¬„®‡Õß‡æ’¬ßæÕ ·≈–µâÕß‰¡àÕ¬Ÿà„π¿“«–∑’Ë‰¡à§«√‡≈‘°„™â

‡§√◊ËÕß™à«¬À“¬„® ‡™àπ hemodynamic instability ‡ªìπµâπ

°“√∑”π“¬º≈¢Õß°“√À¬ÿ¥„™â‡§√◊ËÕß™à«¬À“¬„®

(weaning outcome) ‚¥¬∑—Ë«‰ªÕ“»—¬°“√ª√–‡¡‘π®“°

≈—°…≥–∑“ß§≈‘π‘°‡ªìπ ‘Ëß ”§—≠∑’Ë ÿ¥ ·¡â®–∑”‚¥¬·æ∑¬å

ºŸâ¡’ª√– ∫°“√≥å¬—ßæ∫«à“º‘¥æ≈“¥‰¥â À≈“¬§√—Èß∑’Ëæ∫«à“

ºŸâªÉ«¬∑’Ëæ√âÕ¡®–À¬ÿ¥„™â‡§√◊ËÕß™à«¬À“¬„®°≈—∫‰¡à “¡“√∂

À¬ÿ¥„™â‡§√◊ËÕß™à«¬À“¬„®‰¥â ¥—ßπ—Èπ®÷ß§«√„™â°“√æ‘®“√≥“

∑“ß§≈‘π‘°√à«¡°—∫¥—™π’∑“ß √’√«‘∑¬“ (physiologic in-

dex) „π°“√µ—¥ ‘π„®«à“ºŸâªÉ«¬∂÷ß‡«≈“‡À¡“– ¡∑’Ë®–≈¥/

À¬ÿ¥„™â‡§√◊ËÕß™à«¬À“¬„® À√◊Õ‰¡à ∑—Èßπ’È‡æ◊ËÕ‡æ‘Ë¡Õ—µ√“§«“¡

 ”‡√Á®„π°“√À¬ÿ¥„™â‡§√◊ËÕß™à«¬À“¬„®„Àâ Ÿß¢÷Èπ1

¡’°“√»÷°…“∂÷ßµ—«∫àß™’ÈÀ≈“¬Õ¬à“ß∑’ËÕ“®π”¡“„™â

™à«¬∑”π“¬º≈¢Õß°“√À¬ÿ¥„™â‡§√◊ËÕß™à«¬À“¬„®´÷Ëß à«π

„À≠à‡ªìπ°“√»÷°…“„πºŸâªÉ«¬ºŸâ„À≠à2-7 æ∫«à“ªí®®—¬ ”§—≠

∑’Ë∑”„Àâº≈°“√»÷°…“„πªí®®ÿ∫—π·µ°µà“ß®“°º≈°“√»÷°…“

„πÕ¥’µ2 ‰¥â·°à °≈ÿà¡ª√–™“°√∑’Ëµà“ß°—π °“√„™â‡∑§π‘§

«‘∏’∑’Ë·µ°µà“ß°—π„π°“√«—¥ parameter  µ≈Õ¥®π°“√¢“¥

objective criteria ∑’Ë™—¥‡®π„π°“√∑”π“¬º≈¢Õß°“√À¬ÿ¥

„™â‡§√◊ËÕß™à«¬À“¬„® ‚¥¬∑—Ë«‰ª physiologic parameters

∑’Ë¥’´÷Ëß‡À¡“–∑’Ë®–æ‘®“√≥“π”¡“„™â§«√¡’§«“¡∂Ÿ°µâÕß

·¡àπ¬”„π°“√«—¥ Ÿß (high technical accuracy) „Àâ

º≈„π°“√«—¥∑’Ë‡∑’Ë¬ßµ√ß„π°“√«—¥´È”·µà≈–§√—Èß (high

reproducibility)  “¡“√∂π”¡“ª√–¬ÿ°µå„™â°—∫ºŸâªÉ«¬‰¥âßà“¬

·≈–‡§√◊ËÕß¡◊Õ∑’Ë„™â«—¥§«√¡’√“§“‰¡à·æß Õ¬à“ß‰√°Áµ“¡¬—ß

‰¡à¡’ physiologic parameters µ—«„¥∑’Ë “¡“√∂∑”π“¬

º≈‰¥â ¡∫Ÿ√≥å 100% µ—«∫àß™’È∑’Ë„™â„π°“√∑”π“¬º≈¢Õß

°“√À¬ÿ¥„™â‡§√◊ËÕß™à«¬À“¬„®¥—ß· ¥ß„πµ“√“ß∑’Ë 1

°“√»÷°…“«‘®—¬„π√–¬–À≈—ßæ∫«à“ parameters

∫“ßµ—«∑’Ëπ‘¬¡„™â„π°“√∑”π“¬º≈¢Õß°“√À¬ÿ¥„™â‡§√◊ËÕß

™à«¬À“¬„®«à“®– ”‡√Á®À√◊Õ≈â¡‡À≈«„πÕ¥’µ ‡™àπ vital

capacity, maximal inspiratory pressure (PImax) ·≈–

minute ventilation (VE) ¡’º≈∫«°≈«ß·≈–º≈≈∫≈«ß

‰¥â∫àÕ¬ ∑”„Àâ°“√„™âµ—«∫àß™’È‡À≈à“π’È‡æ’¬ßµ—«„¥µ—«Àπ÷Ëß„π

°“√∑”π“¬®÷ß‰¡à§àÕ¬·¡àπ¬”π—°8   ”À√—∫µ—«∫àß™’Èµ—«Õ◊Ëπ

‡™àπ °“√«—¥ airway occlusion pressure §◊Õ °“√«—¥·√ß

¥—π≈∫∑’Ë‡°‘¥¢÷Èπ„π∑“ß‡¥‘πÀ“¬„®‡¡◊ËÕ„ÀâºŸâªÉ«¬À“¬„®

‡¢â“ºà“π∑“ß occluded airway ‚¥¬«—¥∑’Ë‡«≈“ 0.1 «‘π“∑’
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À√◊Õ 100 ¡‘≈≈‘«‘π“∑’·√°¢Õß°“√À“¬„® π‘¬¡‡√’¬° P0.1

À√◊Õ P100 ¡’§à“‡ªìπ≈∫·µàπ‘¬¡„™â§à“ absolute ®÷ß‡ªìπ

µ—«‡≈¢§à“∫«° „™âª√–‡¡‘π ventilatory drive «à“ºŸâªÉ«¬

 “¡“√∂‡√‘Ë¡µâπ°“√À“¬„®‡Õß‰¥âÀ√◊Õ‰¡à §à“π’È®–≈¥≈ßµË”

°«à“ª°µ‘„πºŸâªÉ«¬∑’Ë¡’¥«“¡º‘¥ª°µ‘¢Õß»Ÿπ¬å§«∫§ÿ¡

°“√À“¬„®À√◊Õ¡’ central hypoventilation ∂â“§à“π’È Ÿß

∫àß«à“ºŸâªÉ«¬¡’ ventilatory drive  Ÿß ́ ÷Ëß‰¡à‰¥âÀ¡“¬§«“¡

«à“¥’‡ ¡Õ‰ª‡æ√“–Õ“®À¡“¬∂÷ß¿“«–∑’Ë¡’ respiratory

demand  Ÿß´÷Ëß¡—°æ∫„π¿“«– hypercapnia  ¥—ßπ—Èπ§à“

P0.1 ∑’Ë Ÿß®÷ß∫àß«à“®–≈¥À√◊ÕÀ¬ÿ¥„™â‡§√◊ËÕß™à«¬À“¬„®‰¥â

¬“°  ºŸâªÉ«¬∑’Ë¡’ P0.1 >6 cmH2O ¡—°®–‰¡à “¡“√∂≈¥

À√◊ÕÀ¬ÿ¥„™â‡§√◊ËÕß™à«¬À“¬„®‰¥â Õ¬à“ß‰√°Áµ“¡ ®“°°“√

»÷°…“®π∂÷ßªí®®ÿ∫—π¬—ß‰¡à “¡“√∂ √ÿª‰¥â«à“§à“π’È¡’

ª√–‚¬™πå®√‘ßÊ À√◊Õ‰¡à„π°“√∑”π“¬º≈¢Õß°“√À¬ÿ¥„™â

‡§√◊ËÕß™à«¬À“¬„®9  à«π maximal inspiratory pres-

sure (MIP or PImax) À√◊Õ negative inspiratory force

(NIF) §◊Õ °“√«—¥ maximal airway pressure „π¢≥–

∑’ËºŸâªÉ«¬À“¬„®‡¢â“‡µÁ¡∑’Ëºà“π unidirectional valve ´÷Ëß

®–¬Õ¡ºŸâªÉ«¬„ÀâÀ“¬„®ÕÕ°‰¥â·µàÀ“¬„®‡¢â“‰¡à‰¥â ∑”‰¥â

‚¥¬„ÀâºŸâªÉ«¬‡√‘Ë¡À“¬„®‡¢â“À≈—ß®“°∑’ËÀ“¬„®ÕÕ°®π ÿ¥

À√◊Õ®π∂÷ß residual volume §à“ PImax ∑’Ë«—¥‰¥â®–¢÷ÈπÕ¬Ÿà

°—∫ª√‘¡“µ√ªÕ¥‡¡◊ËÕºŸâªÉ«¬‡√‘Ë¡À“¬„®‡¢â“·≈– ventilatory

drive ¢ÕßºŸâªÉ«¬ ‚¥¬„™â§à“∑’Ë¥’∑’Ë ÿ¥„π 20-30 «‘π“∑’ §à“

PImax ∑’ËµË”°«à“ -25 ́ .¡.πÈ” ∫àß«à“ºŸâªÉ«¬πà“®–À“¬„®‡Õß

‰¥â §à“π’È™à«¬∫Õ°§«“¡·¢Áß·√ß¢Õß°≈â“¡‡π◊ÈÕ∑’Ë„™â„π°“√

À“¬„®‡¢â“¡“°°«à“§«“¡∑π∑“π¢Õß°≈â“¡‡π◊ÈÕ9

®“°°“√»÷°…“∂÷ß “‡Àµÿ¢Õß§«“¡≈â¡‡À≈«¢Õß

°“√À¬ÿ¥„™â‡§√◊ËÕß™à«¬À“¬„®æ∫«à“  “‡Àµÿ à«π„À≠à‡°‘¥

®“°ªí®®—¬À≈“¬Õ¬à“ß√à«¡°—π (multifactorial factors)

¥—ßπ—Èπ°“√„™â parameter ‡æ’¬ßµ—«„¥µ—«Àπ÷Ëß®÷ß‰¡à “¡“√∂

∑”π“¬º≈‰¥â¥’ °“√»÷°…“«‘®—¬„π√–¬–À≈—ß®÷ß‡ªìπ°“√

«‘‡§√“–Àåµ—«∫àß™’È∑’Ë¡’¢âÕ¡Ÿ≈À≈“¬Ê Õ¬à“ß√à«¡°—π (multi-

variate indices) ´÷Ëß¡’¢âÕ¥’ §◊Õ  “¡“√∂ª√–‡¡‘πªí®®—¬

∑’Ë‡°’Ë¬«¢âÕß∑—Èß¥â“π respiratory mechanics ·≈– respira-

tory muscle strength ‡™◊ËÕ«à“®–™à«¬„π°“√∑”π“¬º≈

¢Õß°“√À¬ÿ¥„™â‡§√◊ËÕß™à«¬À“¬„®‰¥â∂Ÿ°µâÕß·¡àπ¬”¬‘Ëß¢÷Èπ10

µ—«Õ¬à“ß¢Õß multivariate indices π’È ‰¥â·°à weaning

index3, ratio of inspiratory airway pressure to

maximum inspiratory pressure (PI/PImax)
11,12 rapid

shallow breathing index (RSBI)2 ·≈– CROP

index2

µ—«∫àß™’È∑’Ë ”§—≠·≈–¡’ predictive power  Ÿß°«à“

µ—«∫àß™’ÈÕ◊ËπÊ ¥—ß°≈à“«¢â“ßµâπ ‰¥â·°à RSBI ·≈– CROP

index ́ ÷Ëß “¡“√∂π”¡“ª√–¬ÿ°µå„™â„πºŸâªÉ«¬‡¥Á°‰¥â¥â«¬10

µ“√“ß∑’Ë 1  µ—«∫àß™’È∑’Ë„™â„π°“√∑”π“¬º≈¢Õß°“√À¬ÿ¥„™â‡§√◊ËÕß™à«¬À“¬„®2

Physiologic parameter
Minute ventilation (≈‘µ√/π“∑’)

Respiratory frequency (§√—Èß/π“∑’)

Tidal volume (¡≈.)

Tidal volume/patientûs weight (¡≈./°°.)

Maximal inspiratory pressure (´.¡.πÈ”)

Dynamic compliance (¡≈./´.¡.πÈ”)

Static compliance (¡≈./´.¡.πÈ”)

PaO2/PAO2 ratio

Frequency/tidal volume ratio (§√—Èß/π“∑’/≈‘µ√)

CROP index  (¡≈./§√—Èß/π“∑’)

Predictive of success
< 15

< 38

> 325

> 4

< -15

> 22

> 33

> 0.35

< 105

> 13
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‚¥¬ Rapid shallow breathing index (RSBI) §◊Õ °“√

«—¥Õ—µ√“ à«π¢ÕßÕ—µ√“°“√À“¬„®µàÕ tidal volume

(f/Vt) ´÷Ëß¢âÕ¥’¢Õß RSBI §◊Õ ª√–‡¡‘π‰¥âßà“¬·≈–

∂Ÿ°µâÕß‡™◊ËÕ∂◊Õ‰¥â ‰¡àµâÕß°“√§«“¡√à«¡¡◊Õ®“°ºŸâªÉ«¬

∂â“ºŸâªÉ«¬¡’Õ—µ√“°“√À“¬„®‡√Á«·≈– tidal volume πâÕ¬

§à“Õ—µ√“ à«ππ’È®– Ÿß´÷Ëß‚Õ°“ ∑’Ë®–≈â¡‡À≈«„π°“√À¬ÿ¥

„™â‡§√◊ËÕß™à«¬À“¬„®°Á®– Ÿß‰ª¥â«¬ ¡’°“√»÷°…“„πºŸâªÉ«¬

ºŸâ„À≠àæ‘®“√≥“À≈—ß®“°À¬ÿ¥„™â‡§√◊ËÕß™à«¬À“¬„®‡ªìπ‡«≈“

1 π“∑’ æ∫«à“∂â“§à“π’È < 100 §√—Èß/π“∑’/≈‘µ√ ‚Õ°“ ∑’Ë

ºŸâªÉ«¬®– “¡“√∂À¬ÿ¥„™â‡§√◊ËÕß™à«¬À“¬„® Ÿß2 ‰¥â¡’°“√π”

rapid shallow breathing index (RSBI) ¡“ª√–¬ÿ°µå

„™â„π°“√»÷°…“„πºŸâªÉ«¬‡¥Á° ‚¥¬§‘¥ tidal volume µàÕ

πÈ”Àπ—°µ—«¢ÕßºŸâªÉ«¬‡ªìπ¡≈./°°. ·≈–«—¥¢≥–ºŸâªÉ«¬

À“¬„®‚¥¬„™â‡§√◊ËÕß™à«¬À“¬„® setting µË” æ∫«à“∂â“§à“π’È

< 11 §√—Èß/π“∑’/¡≈./°°. ¡’ sensitivity 79%, specifici-

ty 78%, positive predictive value (PPV) 94% ·≈–

negative predictive value (NPV) 47% „π°“√∑”π“¬

§«“¡ ”‡√Á®¢Õß°“√∂Õ¥∑àÕÀ≈Õ¥≈¡§Õ (extubation)10

‚¥¬„πÕ’°°“√»÷°…“Àπ÷Ëß´÷Ëß∑”°“√»÷°…“„πºŸâªÉ«¬‡¥Á°

‡æ◊ËÕÀ“ predictors  ”À√—∫ successful extubation

æ∫«à“∂â“ºŸâªÉ«¬¡’ RSBI <8 §√—Èß/π“∑’/¡≈./°°. ‚¥¬«—¥

„π¢≥–ºŸâªÉ«¬À“¬„®‚¥¬„™â CPAP 4 ´.¡.πÈ” ‚Õ°“ 

∑’Ë®–∑”π“¬∂Ÿ°µâÕß«à“ºŸâªÉ«¬®–ª√– ∫§«“¡ ”‡√Á®„π°“√

∂Õ¥∑àÕÀ≈Õ¥§Õ¡’ sensitivity ·≈– specificity 74%,

PPV 97%·≈– NPV 22%13

CROP index ‡ªìπµ—«∫àß™’È∑’Ë√«¡ physiologic

parameters À≈“¬Êµ—«‡¢â“‰«â¥â«¬°—π ‚¥¬«—¥ dynamic

compliance (Cdyn), respiratory rate (RR), oxygen-

ation (PaO2/PAO2) ·≈– pressure index (maximum

negative inspiratory pressure; PImax)  “¡“√∂

§”π«≥‰¥â®“°

 π‘µ√

æ.∫., 

«.«.(°ÿ

Certif

Roya

Õ“®“√

Àπà«¬

°Õß°ÿ

text  

‡™◊ËÕ«à“ CROP index π’È®–™à«¬ª√–‡¡‘π§«“¡

 —¡æ—π∏å√–À«à“ß demand ¢Õß respiratory system °—∫

§«“¡ “¡“√∂„π°“√∑”ß“π¢Õß°≈â“¡‡π◊ÈÕ∑’Ë„™â„π°“√

À“¬„®„π°“√µÕ∫ πÕß √«¡∑—Èßª√–‡¡‘π§«“¡ “¡“√∂

„π°“√·≈°‡ª≈’Ë¬π°ä“´¢ÕßªÕ¥ ∂â“§à“π’È Ÿß®–¡’‚Õ°“ 

ª√– ∫§«“¡ ”‡√Á®„π°“√À¬ÿ¥„™â‡§√◊ËÕß™à«¬À“¬„®À√◊Õ

∂Õ¥∑àÕÀ≈Õ¥≈¡§Õ Ÿß ®÷ß‡ªìπ physiologic parameter

∑’Ë¥’„π°“√∑”π“¬ successful weaning À√◊Õ extuba-

tion ®“°°“√»÷°…“„πºŸâªÉ«¬‡¥Á°· ¥ß predictors  ”À√—∫

successful extubation §”π«≥ CROP index ‚¥¬§‘¥

dynamic compliance µ“¡πÈ”Àπ—°µ—«ºŸâªÉ«¬‡ªìπ¡≈./°°.

æ∫«à“∂â“ CROP index > 0.15 ¡≈./°°./§√—Èß/π“∑’ ‚Õ°“ 

∑’Ë®–∑”π“¬∂Ÿ°µâÕß«à“ºŸâªÉ«¬®–ª√– ∫§«“¡ ”‡√Á®„π°“√

∂Õ¥∑àÕÀ≈Õ¥§Õ ¡’ sensitivity 83%, specificity 53%,

PPV 96% ·≈– NPV 20%13

πÕ°®“°µ—«∫àß™’È∑’Ë‰¥â°≈à“«¡“·≈â« ¬—ß¡’°“√»÷°…“

„π√–¬–À≈—ß„πºŸâªÉ«¬‡¥Á°· ¥ß°“√‡ª√’¬∫‡∑’¬∫µ—«∫àß™’È

µà“ßÊ „π°“√∑”π“¬º≈¢Õß°“√∂Õ¥∑àÕÀ≈Õ¥≈¡§Õ

æ∫«à“ parameter ∑’Ë«—¥‰¥âßà“¬·≈– –¥«°·≈– “¡“√∂

„™â∑”π“¬º≈¢Õß°“√∂Õ¥∑àÕÀ≈Õ¥≈¡§Õ‰¥â §◊Õ tidal

volume ·≈– minute volume æ∫«à“ tidal volume ∑’Ë

¡’§à“ < 6 ¡≈./°°. ¡’ sensitivity 71%, specificity 85%

·≈–‡ªìπµ—«∫àß™’È∑’Ë¡’ area under the receiver operat-

ing characteristic curve (ROC) ¡“°∑’Ë ÿ¥‡¡◊ËÕ‡ª√’¬∫

‡∑’¬∫°—∫µ—«µ—«∫àß™’ÈÕ◊ËπÊ ·≈–æ∫«à“ minute volume ∑’Ë

<180 ¡≈./°°. ¡’ sensitivity 57% ·≈– specificity

85% µ“¡≈”¥—∫„π°“√∑”π“¬§«“¡≈â¡‡À≈«¢Õß°“√∂Õ¥

∑àÕÀ≈Õ¥≈¡§Õ14

CROP = Cdyn x PImax x PaO2/PAO2

RR
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