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Weaning From Mechanical Ventilation

‡©≈‘¡‰∑¬   ‡Õ°»‘≈ªá

8

∫∑π”
°“√„™â‡§√◊ËÕß™à«¬À“¬„® “¡“√∂™à«¬™’«‘µºŸâªÉ«¬∑’Ë

‡°‘¥¿“«–°“√À“¬„®≈â¡‡À≈«‰¥â ·µà„π∑“ß°≈—∫°—π

 “¡“√∂°àÕ„Àâ‡°‘¥º≈·∑√° ấÕπ‰¥â‡™àπ°—π ‡¡◊ËÕ “‡Àµÿ¢Õß

¿“«–°“√À“¬„®≈â¡‡À≈«¥’¢÷Èπ∑’¡·æ∑¬åºŸâ√—°…“§«√

æ‘®“√≥“≈¥À√◊ÕÀ¬ÿ¥„™â‡§√◊ËÕß™à«¬À“¬„® °“√≈¥°“√„™â

‡§√◊ËÕß™à«¬À“¬„® À√◊Õ weaning ™â“‡°‘π‰ªÕ“®∑”„Àâ

‡°‘¥º≈·∑√°´âÕπ ‡™àπ °“√µ‘¥‡™◊ÈÕ„πªÕ¥√–À«à“ß°“√

„™â‡§√◊ËÕß™à«¬À“¬„® (ventilator-associated pneumo-

nia, VAP) ¿¬—πµ√“¬µàÕÀ≈Õ¥≈¡ ≈¡√—Ë«®“°¿“«–ªÕ¥

·µ° ¿“«–‡≈◊Õ¥ÕÕ°„π∑“ß‡¥‘πÕ“À“√ ·≈– thromboem-

bolism ∑”„Àâ√–¬–‡«≈“πÕπ√—°…“„π‰Õ´’¬ŸÀ√◊Õ√–¬–

‡«≈“∑—ÈßÀ¡¥∑’ËπÕπ√—°…“µ—«„π‚√ßæ¬“∫“≈π“π¢÷Èπ §à“

√—°…“æ¬“∫“≈ Ÿß¢÷Èπ ·≈–∑’Ë ”§—≠§◊Õ Õ—µ√“µ“¬ Ÿß¢÷Èπ1,3

„π¢≥–∑’Ë°“√≈¥·≈–À¬ÿ¥°“√„™â‡§√◊ËÕß™à«¬À“¬„®°àÕπ

‡«≈“Õ—π§«√∑”„Àâ°≈â“¡‡π◊ÈÕÀ“¬„®≈â“ À—«„®∑”ß“πÀπ—°

¢÷Èπ ¿¬—πµ√“¬®“°°“√„ à∑àÕÀ≈Õ¥§Õ§√—Èß„À¡à (re-intu-

bation) §à“√—°…“æ¬“∫“≈ Ÿß¢÷Èπ √–¬–‡«≈“πÕπ√—°…“

„π‰Õ´’¬Ÿπ“π¢÷Èπ ·≈–Õ—µ√“µ“¬ Ÿß¢÷Èπ‡™àπ°—π2,3

„π∑’Ëπ’È®–‡ªìπ°“√ √ÿª·π«∑“ßªØ‘∫—µ‘‡æ◊ËÕ°“√≈¥

·≈–À¬ÿ¥„™â‡§√◊ËÕß™à«¬À“¬„®„π‡¥Á°‡æ◊ËÕ„™âª√–°Õ∫°“√

‡¢â“ª√–™ÿ¡‡™‘ßªØ‘∫—µ‘°“√‡√◊ËÕß weaning from mechani-

cal ventilation ‚¥¬„™â¢âÕ¡Ÿ≈®“°°“√»÷°…“∑—Èß„π‡¥Á°·≈–

ºŸâ„À≠à·≈–º≈ √ÿª®“°°“√ª√–™ÿ¡°≈ÿà¡·æ∑¬åºŸâ‡™’Ë¬«™“≠

∑’Ë®—¥ workshop ‡¡◊ËÕ«—π∑’Ë 5 °—π¬“¬π æ.». 2548 ≥

 ∂“∫—π ÿ¢¿“æ‡¥Á°·Ààß™“µ‘¡À“√“™‘π’ (·ºπ¿Ÿ¡‘∑’Ë 1)

°“√≈¥°“√„™â‡§√◊ËÕß™à«¬À“¬„® (Weaning)
‚¥¬∑—Ë«‰ª·π–π”„Àâ‡√‘Ë¡≈¥ À√◊Õ wean °“√„™â

‡§√◊ËÕß™à«¬À“¬„®‡¡◊ËÕ “‡Àµÿ¢Õß‚√§¥’¢÷Èπ ®“°°“√»÷°…“

æ∫«à“°“√µ—¥ ‘π„® wean ‚¥¬„™â≈—°…≥–∑“ß§≈‘π‘°Õ¬à“ß

‡¥’¬«¡—°‡°‘¥¢âÕº‘¥æ≈“¥ ‚¥¬¡’§«“¡‰«·≈–§«“¡®”‡æ“–

‡æ’¬ß√âÕ¬≈– 35 ·≈– 79 µ“¡≈”¥—∫4  ¥—ßπ’Èπ®÷ß¡’°“√π”

‡°≥±åª√–‡¡‘π°“√∑”ß“π¢ÕßªÕ¥ À—«„®  ¡Õß ·≈–

 ¿“æ∑—Ë«‰ª ¡“„™â√à«¡¥â«¬‡æ◊ËÕ™à«¬µ—¥ ‘π„®„Àâ·¡àπ¬”¢÷Èπ

(µ“√“ß∑’Ë 1)

«‘∏’≈¥°“√„™â‡§√◊ËÕß™à«¬À“¬„® (Weaning Modes)
ªí®®ÿ∫—π¡’ weaning modes „Àâ‡≈◊Õ°„™â„π‡§√◊ËÕß

™à«¬À“¬„®√ÿàπµà“ßÊ ¡“°°«à“ 10 «‘∏’ (µ“√“ß∑’Ë 2) ·µà∑’Ë

π‘¬¡„™â·≈–‡ªìπ«‘∏’¡“µ√∞“π ‰¥â·°à synchronized  inter-

mittent mandatory ventilation (SIMV), pressure

support ventilation (PSV) ·≈– continuous positive

airway pressure (CPAP) / T-piece √“¬≈–‡Õ’¬¥‡√◊ËÕß
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Weaning Criteria

Pediatric Patient on Ventilator




Weaning modes selection 

& weaning





Reach the extubation criteria &

Measure the weaning indices





Pass ?




Extubation

Failure ?

Yes

Yes

NoO2 Therapy

- Reintubation or (+ Noninvasive MV)

- Full ventilatory support for 24-48 hrs

- Find out & correct causes of extubation 

  failure

- Consider : Dexamethasone

              Tracheostomy




No - Full ventilatory support �
  for 24-48 hr

- Find out & correct

  causes of weaning failure




·ºπ¿Ÿ¡‘∑’Ë 1  ·π«∑“ßªØ‘∫—µ‘‡æ◊ËÕÀ¬ÿ¥°“√„™â‡§√◊ËÕß™à«¬À“¬„®„π‡¥Á°8

weaning modes ®–°≈à“«∂÷ß„π∫∑µàÕ‰ª

§”∂“¡«à“ weaning modes «‘∏’‰Àπ¥’∑’Ë ÿ¥?

°“√»÷°…“„πºŸâ„À≠à·∫∫ prospective, randomized,

controlled trials »÷°…“„πºŸâªÉ«¬∑’Ë„™â T-piece „π«—π·√°

·≈â«≈â¡‡À≈« π”‰ª»÷°…“‡ª√’¬∫‡∑’¬∫°“√ weaning

µàÕ¥â«¬ 3 «‘∏’ (T-piece vs PSV vs SIMV) æ∫«à“

ºŸâªÉ«¬ à«π„À≠àª√–¡“≥ Õß„π “¡ wean  ”‡√Á®‚¥¬„™â

T-piece „π«—π·√° ºŸâ∑’Ë„™â T-piece „π«—π·√°·≈â«≈â¡

‡À≈«π—Èπ æ∫«à“«‘∏’ T-piece À√◊Õ PSV „™â‡«≈“„π°“√

wean ‰¡àµà“ß°—π‚¥¬∑—Èß Õß«‘∏’„™â‡«≈“„π°“√ wean πâÕ¬

°«à“ SIMV5,6  ”À√—∫ weaning modes „À¡àÊ ¬—ß‰¡à¡’

°“√»÷°…“∑’Ë π—∫ πÿπ«à“„Àâº≈¥’°«à“«‘∏’¡“µ√∞“π7

°“√»÷°…“„π‡¥Á°∑’Ë‡ªìπ prospective, randomized,

controlled trials ‚¥¬»÷°…“ºŸâªÉ«¬‡¥Á° 182 §π (‚¥¬‰¡à
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µ“√“ß∑’Ë 1  ‡°≥±å∑’Ë„™â„π°“√æ‘®“√≥“≈¥ À√◊Õ wean ‡§√◊ËÕß™à«¬À“¬„®8,9

1.  “‡Àµÿ À√◊Õ‚√§¥’¢÷Èπ

2. °“√·≈°‡ª≈’Ë¬π°ä“´¢ÕßªÕ¥¥’

ë PaO2 > 60 ¡‘≈≈‘‡¡µ√ª√Õ∑ ‡¡◊ËÕ FiO2 < 0.4-0.6 À√◊Õ PaO2 / FiO2 > 150

ë PEEP < 5-7 ‡´πµ‘‡¡µ√πÈ”

ë pH 7.32-7.47

3. √–∫∫‰À≈‡«’¬π‡≈◊Õ¥¥’§ß∑’Ë

ë ™’æ®√ ·≈–§«“¡¥—π‡≈◊Õ¥Õ¬Ÿà„π‡°≥±åª°µ‘‚¥¬‰¡à„™â¬“‡æ‘Ë¡§«“¡¥—π À√◊Õ„™â„π¢π“¥µË”

4. √–∫∫ª√– “∑·≈–°≈â“¡‡π◊ÈÕÕ¬Ÿà„π‡°≥±å∑’Ë¬Õ¡√—∫‰¥â

ë √–¥—∫§«“¡√Ÿâ ÷°µ—«¥’ À√◊Õ Glascow coma score > 11-13

ë À¬ÿ¥°“√„™â¬“§≈“¬°≈â“¡‡π◊ÈÕ (muscle relaxant drugs) ·≈– ≈¥À√◊ÕÀ¬ÿ¥°“√„™â¬“πÕπÀ≈—∫ (sedative drugs)

ë ºŸâªÉ«¬‡√‘Ë¡À“¬„®‡Õß

5.  ¿“æ∑—Ë«‰ª

ë Õÿ≥À¿Ÿ¡‘°“¬ < 38.0oC

ë Serum electrolyte Õ¬Ÿà„π‡°≥±åª°µ‘

ë §«“¡‡¢â¡¢âπ¢Õß Hemoglobin > 8-10 °√—¡µàÕ‡¥´‘≈‘µ√

µ“√“ß∑’Ë 2  Weaning modes

Mode
Synchronized intermittent mandatory ventilation

Pressure support ventilation

Continuous positive airway pressure

Volume support ventilation

Biphasic intermittent positive airway pressure

Proportion assisted ventilation

Adaptive support ventilation

Volume assure pressure support

Automatic tube compensation

Smart care

√ÿàπ∑’Ë¡’

Bennett-840, Inspiration, Servo-300, Servo-i,

Avea, Bennett-840, Evita-2 dura, Evita-4, Evita-XL,

Inspiration, Savina, Servo-300, Servo-i

Bennett-840, Evita-4, Evita-XL,

Galileo, Raphael

VIP Bird-Gold

Bennett-840, Evita-2 dura, Evita-4, Evita-XL, Galileo, Raphael

Evita-XL

Almost all models of ventilator

√«¡ºŸâªÉ«¬ª≈Ÿ°∂à“¬ªÕ¥À√◊Õ‰¢°√–¥Ÿ°, ºŸâªÉ«¬‚√§À—«„®

™π‘¥‡¢’¬«∑’Ëºà“µ—¥·°â‰¢‰¡à‰¥â, ‚√§Õÿ¥°—Èπ∑“ß‡¥‘πÀ“¬„®

·µà°”‡π‘¥, primary pulmonary hypertension, pro-

gressive neuromuscular weakness ‡ªìπµâπ) ∑’Ë‰¡à

ºà“π‡°≥±å extubation readiness test ·≈â«π”‰ª

weaning µàÕ¥â«¬ 3 «‘∏’ ‰¥â·°à pressure support ven-

tilation (PSV), volume support ventilation (VSV)

·≈– no protocol §◊Õ wean µ“¡§«“¡§‘¥‡ÀÁπ à«πµ—«

¢Õß·æ∑¬åºŸâ√—°…“´÷Ëß à«π„À≠à„™â PC-SIMV+PSV À√◊Õ

VC-SIMV+PSV) æ∫«à“ ºŸâªÉ«¬ª√–¡“≥√âÕ¬≈– 42 ∑’Ë

ºà“π‡°≥±å extubation readiness test  “¡“√∂ wean

 ”‡√Á®Õ¬à“ß√«¥‡√Á«‡°◊Õ∫∑—ÈßÀ¡¥  ºŸâªÉ«¬∑’Ë‰¡àºà“π‡°≥±å
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extubation readiness test ·≈â«π”‰ª weaning ¥â«¬

3 «‘∏’ æ∫«à“ ∑—Èß 3 «‘∏’„™â‡«≈“ wean ‰¡àµà“ß°—π (PSV

1.6 «—π, VSV 1.8 «—π,·≈– no protocol 2.0 «—π; p=0.75)

·≈–‡°‘¥ weaning failure °Á‰¡àµà“ß°—π (PSV 15%,VSV

24% ·≈– no protocol 17%; p=0.44)8

Weaning Indices
¥—™π’‡À≈à“π’È¡’¡“°°«à“ 60 ™π‘¥ ·µà≈–™π‘¥∫Õ°

ª√– ‘∑∏‘¿“æ„π°“√∑”ß“π¢ÕßªÕ¥ ·≈–°≈â“¡‡π◊ÈÕ

À“¬„® (µ“√“ß∑’Ë 5) ‡π◊ËÕß®“°°“√«—¥¥—™π’∫“ß™π‘¥¡’

§«“¡¬ÿàß¬“°·≈–µâÕßÕ“»—¬‡§√◊ËÕß¡◊Õ ∫“ß™π‘¥«—¥¢≥–

∑’ËºŸâªÉ«¬„™â‡§√◊ËÕß™à«¬À“¬„® ∫“ß™π‘¥«—¥¢≥–∑’ËºŸâªÉ«¬

‚¥¬ √ÿª °“√ weaning ºŸâªÉ«¬‡¥Á°∑—Ë«‰ª‰¡à«à“®–

„™â«‘∏’¡“µ√∞“π·∫∫‰Àπ (‰¥â·°à SIMV, PSV À√◊Õ VSV)

°Á„Àâº≈≈—æ∏å∑’Ë‰¡àµà“ß°—π ®÷ß·π–π”„Àâ‡≈◊Õ°„™âµ“¡§«“¡

∂π—¥  ”À√—∫ weaning modes „À¡àÊ ¬—ß‰¡à¡’°“√»÷°…“

∑’Ë π—∫ πÿπ«à“„Àâº≈¥’°«à“«‘∏’¡“µ√∞“π7

„π¢≥– wean §«√ª√–‡¡‘πºŸâªÉ«¬‡ªìπ√–¬–Ê Õ¬à“ß

µàÕ‡π◊ËÕß ∂â“Õ“°“√ºŸâªÉ«¬‡≈«≈ß (weaning failure) ‡™àπ

ÀÕ∫‡Àπ◊ËÕ¬¡“° °√–«π°√–«“¬ À√◊Õ√–¥—∫§«“¡√Ÿâ ÷°µ—«

≈¥≈ß9 §«√À¬ÿ¥ wean ·≈â«‡æ‘Ë¡°“√™à«¬À“¬„®‡æ◊ËÕ°≈â“¡

‡π◊ÈÕÀ“¬„®‰¥âæ—°Õ¬à“ßπâÕ¬ 24 ™—Ë«‚¡ß §«√À“ “‡Àµÿ¢Õß

weaning failure ·≈–·°â‰¢ (µ“√“ß∑’Ë 3) ·≈â«®÷ß‡√‘Ë¡

wean „À¡à3

„π√“¬∑’Ë “¡“√∂ wean ®π∂÷ß‡°≥±å∑’Ë∂Õ¥∑àÕ™à«¬

À“¬„® (extubation) (µ“√“ß∑’Ë 4) §«√ª√–‡¡‘π¥—™π’

∑’Ë∫Õ°‚Õ°“ §«“¡ ”‡√Á®À√◊Õ≈â¡‡À≈«„π°“√∂Õ¥∑àÕ™à«¬

À“¬„®(weaning indices) ‡æ◊ËÕª√–°Õ∫°“√µ—¥ ‘π„®¥â«¬

µ“√“ß∑’Ë 3   “‡Àµÿ¢Õß weaning failure28

1. Inadequate respiratory center output

Residual effect of sedative drugs

Severe metabolic alkalosis

2. Increase in respiratory workload

Increased minute ventilation

Hyperventilation (pain, anxiety, restlessness)

Increased metabolic rate

(excessive carbohydrate, sepsis)

Increased resistive workload

Low thoracic or lung compliance

Intrinsic PEEP

     Increased resistive workload

Lower airway obstruction

Thick or copious airway secretions

Artificial airway (endotracheal tube)

Ventilator circuitry and demand valve

Postextubation upper airway obstruction

3. Respiratory pump failure

Thoracic wall abnormality or disease

Peripheral neurologic disorder

Phrenic nerve injury

Cervical nerve injury

Critical care polyneuropathy

Guillain-Barre syndrome

Muscular dysfunction

Malnutrition, muscular catabolism

Pulmonary hyperinflation

Severe electrolyte and metabolic disorders

Prolonged postneuromuscular blockade effect

4. Left ventricular failure

µ“√“ß∑’Ë 4  ‡°≥±å ”À√—∫ Extubation

1. Airway protective reflexes ª°µ‘

2.  ¡Õß·≈–√–∫∫ª√– “∑Õ¬Ÿà„π‡°≥±å∑’Ë¬Õ¡√—∫‰¥â

3. √–∫∫‰À≈‡«’¬π‡≈◊Õ¥¥’§ß∑’Ë

4. °“√·≈°‡ª≈’Ë¬π°ä“´¢ÕßªÕ¥¥’

- SpO2 > 95 %

- FiO2 < 0.4

- PIP < 25 ‡´πµ‘‡¡µ√πÈ”, < 30 in obstructive

airway

- PEEP < 5 ‡´πµ‘‡¡µ√πÈ”

- Ventilator rate < 8 §√—ÈßµàÕπ“∑’

5. À¬ÿ¥¬“πÕπÀ≈—∫
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À“¬„®‡Õß ·≈–∫“ß™π‘¥µâÕßº ¡º “πº≈°“√«—¥À≈“¬

µ—«‡¢â“‰«â¥â«¬°—π (integrative indices) ¥—ßπ—Èπ·π–π”

„Àâ‡≈◊Õ°„™â‡©æ“–¥—™π’∑’Ëª√–‡¡‘πßà“¬·≈–¡’§«“¡·¡àπ¬” Ÿß

πÕ°®“°π’Èæ∫«à“¥—™π’‡À≈à“π’È¬—ß™à«¬∫Õ°°≈‰°∑’Ë∑”„Àâ‡°‘¥

weaning /extubation failure ‰¥â9,10 √“¬≈–‡Õ’¬¥¢Õß

¥—™π’‡À≈à“π’È·≈–«‘∏’«—¥®–°≈à“«∂÷ß„π∫∑ predictor of

weaning from mechanical ventilation

º≈«‘‡§√“–Àå®“°À≈“¬°“√»÷°…“„πºŸâ„À≠àæ∫«à“

weaning indices ∑’Ëπà“‡™◊ËÕ∂◊Õ¡’ 8 ™π‘¥ (µ“√“ß∑’Ë 6)

·≈– weaning indices ∑’Ë¥’ ‰¥â·°à CROP index, rapid

shallow breathing index (RSB index), ·≈– P0.1/

PImax9   ”À√—∫°“√»÷°…“„π‡¥Á°¬—ß‰¡à¡’º≈«‘‡§√“–Àå√«¡

µ“√“ß∑’Ë 5  Weaning Indices10

1. Measures of oxygenation and gas exchange
a. PaO2/FiO2

b. PaO2/PAO2

c. Oxygenation index

d. Alveolar-arterial O2 gradient

e. Dead space (VD), dead space-to-tidal

volume (VD / VT)

f. pH

g. Respiratory quotient

2. Simple measures of capacity and load
a. Vital capacity (mL/kg)

b. Tidal volume (mL; mL/kg)

c. Respiratory rate (breaths/min)

e. Maximal voluntary ventilation

f. Negative inspiratory force (cm H2 O) or

maximal inspiratory pressure

g. Static compliance

h. Dynamic compliance

i. Maximal expiratory pressure

3. Complex measurements of capacity and load
(Õ“»—¬‡§√◊ËÕß¡◊Õ)

a. Airway occlusion pressure (P0.1 or P-100)

b. P0.1 /PImax

c. CO2 -stimulated P0.1

d. Effective inspiratory impedance(P0.1/VT/TI)

e. Work of breathing

1.O2 cost of breathing

2. Pressure-volume curve

3. Pressure-time product

f. Pdi/Pdimax

g. PI/PI max

h. Intrinsic positive end-expiratory pressure (PEEP)

I. Resistance

4. Integrative indices
a. Rapid shallow breathing index (RSB index) or

frequency tidal volume ratio (f/VT)

b. CROP index (compliance, rate, oxygenation,

pressure)

c. Weaning index

d. Inspiratory effort quotient

e. Adverse factor score/ventilator score

5. Clinical signs
a. Clinical gestalt

b. Nurseûs opinion

c. Cough

d. Mental status

e. Sternocleidomastoid activity

f. Rib cage-abdominal motion

- Abdominal paradox

- Maximum compartmental amplitude/tidal

volume

- Respiratory alternans

g. Chest radiograph

h. Sputum production

i. Patient ventilator dyssynchrony

J. Urine output

k. Positive blood cultures.




