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Opening Up the Lung and Keep
the Lung Open in ARDS

¥ÿ ‘µ  ∂“«√

16

∫∑π”
°≈ÿà¡Õ“°“√ acute respiratory distress syn-

drome (ARDS) ‡ªìπ°≈ÿà¡Õ“°“√∑’Ë‡°‘¥®“°°“√Õ—°‡ ∫

Õ¬à“ß√ÿπ·√ß¢ÕßªÕ¥ àßº≈„Àâ alveolar capillary mem-

brane ´÷Ëßª√–°Õ∫¥â«¬ alveolar epithelial cells ·≈–

endothelial cells ‰¥â√—∫Õ—πµ√“¬·≈–‡°‘¥°“√√—Ë«´÷¡

¢Õß “√πÈ”·≈–‚ª√µ’πÕÕ°®“°À≈Õ¥‡≈◊Õ¥‡¢â“‰ª – ¡

„π∫√‘‡«≥ interstitium ·≈– alveolar air spaces ®π

°√–∑—Ëß‡°‘¥¿“«– pulmonary edema ¢÷Èπ„π∑’Ë ÿ¥1-2 °“√

¥Ÿ·≈√—°…“ºŸâªÉ«¬ ARDS ª√–°Õ∫¥â«¬°“√√—°…“·∫∫

ª√–§—∫ª√–§Õß·≈–°“√„™â‡§√◊ËÕß™à«¬À“¬„® „πªí®®ÿ∫—π

‡ªìπ∑’Ë¬Õ¡√—∫°—π·≈â««à“‡∑§π‘§«‘∏’°“√™à«¬À“¬„®∑’Ë‡√’¬°

«à“ lung-protective ventilation strategy  “¡“√∂

™à«¬≈¥Õ—µ√“µ“¬„πºŸâªÉ«¬ acute respiratory distress

syndrome (ARDS) ‚¥¬‡™◊ËÕ«à“ “‡ÀµÿÀ≈—°∑’Ë∑”„Àâ

Õ—µ√“µ“¬≈¥≈ß §◊Õ °“√≈¥≈ß¢ÕßÕÿ∫—µ‘°“√≥å¢Õß°“√‡°‘¥

ventilator-associated lung injury ´÷Ëß‡°‘¥®“°°“√„™â

high inflation pressure (Barotrauma) À√◊Õµ—Èß tidal

volumes ∑’Ë Ÿß‡°‘π‰ª∑”„Àâ‡°‘¥ alveolar overdistension

(Volutrauma) À√◊Õ„™â PEEP ∑’ËµË”‡°‘π‰ª∑”„Àâ‡°‘¥ lung

injury ∑’Ë low lung volume ®“°°“√‡ªî¥-ªî¥∂ÿß≈¡

(atelectrauma)3

À≈—° ”§—≠¢Õß°“√„™â‡§√◊ËÕß™à«¬À“¬„®‡æ◊ËÕ

√—°…“ºŸâªÉ«¬ ARDS ∑—Èß‡¥Á°·≈–ºŸâ„À≠à ´÷Ëß∂◊Õ«à“‡ªìπ

¡“µ√∞“π §◊Õ À≈—°∑’Ë‡√’¬°«à“ Open up the lung and

keep the lung open ´÷Ëß‡ªìπÀ≈—°æ◊Èπ∞“π¢Õß‡∑§π‘§

«‘∏’°“√™à«¬À“¬„®∑’Ë‡√’¬°«à“ lung-protective ventilation

strategy π—Ëπ‡Õß4

‡∑§π‘§„π°“√ Open Up the Lung
‚¥¬ª°µ‘°“√„™â‡§√◊ËÕß™à«¬À“¬„®‡æ◊ËÕ√—°…“ºŸâªÉ«¬

π—ÈππÕ°®“°®–¡’‡ªÑ“À¡“¬‡æ◊ËÕ·°â‰¢§«“¡º‘¥ª°µ‘¢Õß

°“√·≈°‡ª≈’Ë¬π°ä“´·≈â«¬—ß¡’‡ªÑ“À¡“¬‡æ◊ËÕ·°â‰¢æ¬“∏‘

 ¿“æ∑’Ë‡°‘¥¢÷Èπ„πªÕ¥¥â«¬ ¥—ßπ—Èπ®÷ß®”‡ªìπ∑’Ë®–µâÕß

∑”„Àâ à«π¢ÕßªÕ¥∑’Ë∂ÿß≈¡¬ÿ∫·ø∫Õ¬Ÿà‡ªî¥ÕÕ°·≈–æ¬ÿß

„Àâ∂ÿß≈¡¥—ß°≈à“«§ß‡ªî¥§â“ßÕ¬Ÿàµ≈Õ¥∑—Èß respiratory

cycle „π∑’Ëπ’È®–¢Õ°≈à“«∂÷ß‡∑§π‘§„π°“√ Open Up the

lung ∑’Ë„™â ”À√—∫ºŸâªÉ«¬ ARDS4-7

1. Manual ventilation ¥â«¬∂ÿß™à«¬À“¬„®

(ventilation bag)

‡ªìπ«‘∏’°“√∑’Ë∑”‰¥âßà“¬∑’Ë ÿ¥ “¡“√∂∑”‰¥âµ—Èß·µà

°àÕπ‡√‘Ë¡„™â·≈–√–À«à“ß„™â‡§√◊ËÕßÀ“¬„® ‡™àπ À≈—ß suc-

tion ∑ÿ°§√—Èß ‡ªìπµâπ ́ ÷Ëß„π™à«ß·√° ÷́Ëß∂ÿß≈¡ à«π„À≠à¬ÿ∫

·ø∫Õ“®®”‡ªìπµâÕß„™â·√ß¥—π§àÕπ¢â“ß Ÿß ¥—ßπ—Èπ„π°√≥’
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∑’Ë„™â self-inflating bag Õ“®®”‡ªìπµâÕß°¥ pressure

release-valve Õ¬à“ß‰√°Áµ“¡ºŸâ„™â®”‡ªìπµâÕß√–¡—¥√–«—ß

º≈·∑√°´âÕπ ‰¥â·°à overdistension ¢Õß better-ven-

tilated lung units „π°√≥’∑’ËºŸâªÉ«¬¡’ inhomoheneous

lung pathology

2. Lengthening the end-inspiratory pause

‰¥â·°à °“√µ—Èß pause „π volume-controlled

ventilation ‡æ◊ËÕ create „Àâ‡°‘¥ square pressure wave-

form ¢÷Èπ ‡æ◊ËÕ àß‡ √‘¡„Àâ‡°‘¥ redistribution ¢Õß°ä“´

„π∂ÿß≈¡µà“ßÊ À≈—ß®“°∑’Ë‡§√◊ËÕß™à«¬À“¬„®À¬ÿ¥®à“¬°ä“´

·µà«“≈å«À“¬„®ÕÕ°¬—ß‰¡à‡ªî¥ ºà“π∑“ß Pores of Kohn

·≈– Canal of Lambert º≈≈—æ∏å∑’Ë§“¥À«—ß §◊Õ ‡°‘¥

progressive reopening ¢Õß collapse alveoli

3. Prone positioning

‡ªìπ‡∑§π‘§∑’Ë™à«¬„π°“√ recruit ∂ÿß≈¡„π

 à«π¢Õß dorsal region ¢ÕßªÕ¥ ·≈– àß‡ √‘¡„Àâ¡’

secretion drainage ®“° dependent portion ¢ÕßªÕ¥

Õ¬à“ß‰√°Áµ“¡µâÕß√–¡—¥√–«—ßº≈·∑√°´âÕπ∑’Ë ”§—≠ §◊Õ

°“√‡≈◊ËÕπÀ≈ÿ¥¢Õß catheter µà“ßÊ √«¡∑—Èß∑àÕ™à«¬À“¬„®

·≈–ªí≠À“ pressure necrosis „πµ”·Àπàß¢Õß bony

prominence ∑’Ë∂Ÿ°°¥¥â«¬

4. Recruitment maneuvers

‰¥â·°à °“√„™â sustained high inflation pres-

sure „π√Ÿª·∫∫µà“ßÊ ‡æ◊ËÕ∑”„Àâ∂ÿß≈¡∑’Ë¬ÿ∫·ø∫Õ¬Ÿà‡ªî¥

ÕÕ° ´÷Ëß recruitment maneuvers (RMs) ∑’Ë¡’ª√“°Ø

„π√“¬ß“π°“√»÷°…“„πºŸâªÉ«¬ ARDS ¡’À≈“¬«‘∏’ ·°à

1) High CPAP

Grasso ·≈–§≥–5 √“¬ß“π°“√»÷°…“º≈

¢Õß RM ‚¥¬„™â CPAP 40 ́ ¡.πÈ” ‡ªìπ‡«≈“ 40 «‘π“∑’

„πºŸâªÉ«¬ ARDS ´÷Ëß ventilate ¥â«¬‡∑§π‘§ ARDSNet

lung protective strategy æ∫«à“„π°≈ÿà¡ responder ®–¡’

PaO2/FIO2 ∑’Ë¥’¢÷Èπ¡“°°«à“ non-responder ™—¥‡®π

(20+3% vs 175+23%)

ARDS Network ‰¥â√“¬ß“π°“√»÷°…“º≈

¢Õß RM ‚¥¬„™â CPAP 35-40 ´¡.πÈ” ‡ªìπ‡«≈“ 30

«‘π“∑’ √à«¡°—∫ High PEEP/low FiO2 protocol (the

ALVEOLI trial) ́ ÷Ëß‡ªìπ à«πÀπ÷Ëß¢Õß large multicenter

randomized controlled trial æ∫«à“ RM ‰¡à™à«¬„Àâ¡’

sustained improvements in SpO2
6

2) Intermittent sigh

Pelosi ·≈–§≥–7 ‰¥â√“¬ß“π°“√»÷°…“∂÷ß

º≈¢Õß RM ‚¥¬„™â Intermittent three consecutive

sighs per minute ∑’Ë plateau pressure ‡∑à“°—∫ 45

´¡.πÈ” æ∫«à“™à«¬„Àâ PaO2/FIO2 ·≈– end-expiratory

lung volume ¥’¢÷Èπ ·≈–™à«¬≈¥ venous admixture

·≈– PaCO2 „π√–À«à“ß∑’Ë„™â sighs30

3) Stepwise increase in PEEP with a

fixed pressure control

Okamoto ·≈–§≥– ‰¥â∑”°“√»÷°…“º≈

¢Õß RM „πºŸâªÉ«¬ ARDS ‚¥¬„™â‡∑§π‘§°“√ titrate

PEEP ‡æ‘Ë¡§√—Èß≈– 5 ´¡.πÈ” (25, 30, 35, 40 ·≈– 45

cmH2O) ∑ÿ° 2 π“∑’ „π¢≥–∑’Ë™à«¬À“¬„®¥â«¬ fixed 15

cmH2O pressure control ®π°√–∑—Ëß∂÷ß®ÿ¥∑’Ë¡’ full

recruitment (defined as PaO2+PaCO2 > 400 mmHg

+5% at FIO2 of 100%) æ∫«à“ PaO2 + PaCO2 ‡æ‘Ë¡

¢÷Èπ®“° 178.4+76.5 mmHg ‡ªìπ 487.8+139.1 mmHg

·≈–À≈—ß®“°π—Èπ 6 ™¡. §à“ PaO2 + PaCO2 §ßÕ¬Ÿà∑’Ë

521.4+95.4 mmHg „π¢≥–∑’Ë„™â PEEP titration

strategy ‡æ◊ËÕ keep the lung open (‚¥¬°“√ª√—∫≈¥

PEEP ®π°√–∑—Ëß PaO2 ≈¥≈ß¡“°°«à“ 5% ‡¡◊ËÕ‡∑’¬∫

°—∫§à“°àÕπÀπâ“π—Èπ) ‚¥¬§à“‡©≈’Ë¬¢Õß PEEP ∑’Ë„™â §◊Õ

22+4 cmH2O

 ”À√—∫‡∑§π‘§∑’ËºŸâ‡¢’¬π„™â„π°“√ Open up

the lung ¢ÕßºŸâªÉ«¬ ARDS ∑’Ë‰Õ´’¬Ÿ°ÿ¡“√‚√ßæ¬“∫“≈

æ√–¡ß°ÿÆ‡°≈â“ ‰¥â·°à °“√„™â high inflation pressure

·≈– high PEEP „π Pressure Control Mode ‚¥¬

recruitment sequence ‡√‘Ë¡µâπ¥â«¬°“√§àÕ¬Ê ª√—∫√–¥—∫

PEEP ¢÷Èπ§√—Èß≈– 5 ́ ¡.πÈ” ®π°√–∑—Ëß‡∑à“°—∫ 20 ́ ¡.πÈ”

®“°π—Èπ®÷ß§àÕ¬Ê ‡æ‘Ë¡ peak airway pressure ¢÷Èπ§√—Èß≈–

5 ´¡.πÈ” ®π°√–∑—Ëß peak airway pressure ‡∑à“°—∫
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50 ́ ¡.πÈ” ·≈–§â“ß‰«âπ“πª√–¡“≥ 2 π“∑’ ‚¥¬„π·µà≈–

step °àÕπ∑’Ë®–‡æ‘Ë¡ peak airway pressure ¢÷Èππ—Èπ

®–§â“ßÕ¬Ÿàπ“π 2 π“∑’ ‡æ◊ËÕª√–‡¡‘πº≈°√–∑∫‚¥¬°“√

 —ß‡°µ°“√‡ª≈’Ë¬π·ª≈ß¢Õß Hemodynamics (‰¥â·°à

heart rate, blood pressure, peripheral tissue

perfusion ‡ªìπµâπ) ·≈– oxygen saturation  “‡Àµÿ∑’Ë„™â

peak airway pressure ∑’Ë Ÿß∂÷ß 50 ´¡.πÈ” ‡π◊ËÕß®“°

‡™◊ËÕ«à“‡ªìπ estimated critical opening pressure ¢Õß

ªÕ¥∑’Ë¡’ diffuse atelectasis Õ¬à“ß‡™àπ∑’Ëæ∫„π°√≥’

¢ÕßºŸâªÉ«¬ ARDS ·≈– “‡Àµÿ∑’Ë„™â PEEP  Ÿß∂÷ß 20 ́ ¡.

πÈ” „π√–À«à“ß°“√∑” recruitment sequence ‡π◊ËÕß®“°

µâÕß°“√„Àâ·πà„®«à“ recruited alveoli ®–§ß‡ªî¥§â“ßÕ¬Ÿà

‰¡à°≈—∫¬ÿ∫·ø∫≈ßÕ’°„π√–À«à“ß∑’Ëæ¬“¬“¡®–∑”„Àâ∂ÿß≈¡

∑’Ë¬ÿ∫·ø∫‡ªî¥ÕÕ° (recruitment) ®“°ª√– ∫°“√≥å

æ∫«à“„π‡¥Á°‡≈Á°∑’ËÕ“¬ÿµË”°«à“ 1 ªï ®–ª√– ∫ªí≠À“ air

leak √Õ∫∑àÕ™à«¬À“¬„®¢≥–∑” ¥—ßπ—Èπ‡∑§π‘§π’È®÷ß¡’

¢âÕ®”°—¥„π‡¥Á°‡≈Á° πÕ°®“°π’È‡π◊ËÕß®“°¬—ß‰¡à¡’¢âÕ¡Ÿ≈

„π‡¥Á°‡≈Á°«à“ estimated critical opening pressure

§«√‡ªìπ‡∑à“„¥ ¥—ßπ—Èπ„π‡¥Á°‡≈Á°®÷ßµâÕß√–¡—¥√–«—ßº≈

·∑√°´âÕπ∑’ËÕ“®®–‡°‘¥¢÷Èπ„π√–À«à“ß∑’Ë∑” recruitment

sequence ́ ÷Ëß‰¥â·°à hypotension, air leak syndrome

(pneumothorax, pneumomediastinum, subcuta-

neous emphysema) ‡ªìπµâπ

‡∑§π‘§„π°“√ Keep the Lung Open
‡æ◊ËÕªÑÕß°—πÕ—πµ√“¬∑’ËÕ“®‡°‘¥¢÷Èπ°—∫ªÕ¥®“°°“√

‡ªî¥-ªî¥∂ÿß≈¡ (atelectrauma) ¥—ßπ—Èπ®÷ß¡’§«“¡®”‡ªìπ

∑’Ë®–µâÕßÀ“∑“ß∑”„Àâ∂ÿß≈¡∑’Ë∂Ÿ°∑”„Àâ‡ªî¥Õ° (recruited

alveoli) ‰¡à¬ÿ∫·ø∫≈ß„π¢≥–À“¬„®ÕÕ° ´÷Ëß‡∑§π‘§∑’Ë

„™â°—π¡“‡ªìπ‡«≈“π“π·≈â« §◊Õ °“√„™â positive end-

expiratory pressure À√◊Õ PEEP π—Ëπ‡Õß

·π«∑“ß°“√µ—Èß PEEP ∑’Ë‡À¡“– ¡„πÕÿ¥¡§µ‘ §◊Õ

°“√ª√—∫ PEEP æ√âÕ¡°—∫°“√∑” Portable CT scans

‡æ◊ËÕÀ“®ÿ¥∑’Ë‡À¡“– ¡‡æ◊ËÕªÑÕß°—π derecruitment „π

™à«ß ÿ¥À“¬„®ÕÕ°22 Õ¬à“ß‰√°Áµ“¡„πªí®ÿ∫—π·π«∑“ßπ’È¬—ß

‰¡à “¡“√∂ªØ‘∫—µ‘‰¥â „π∑’Ëπ’È®÷ß¢Õ°≈à“«∂÷ß‡∑§π‘§∑’Ë¡’°“√

ªØ‘∫—µ‘®√‘ß„π clinical practice 4 «‘∏’ ‰¥â·°à

1) Using lower inflection point in static pres-

sure-volume (p/v) curve

‰¥â·°à °“√ª√—∫ PEEP ‚¥¬Õ“»—¬¢âÕ¡Ÿ≈®“°

static p/v curve ∑’ËµâÕß √â“ß¢÷Èπ¢≥–∑’ËºŸâªÉ«¬‰¥â√—∫ neu-

romuscular blockade „π√“¬∑’Ë “¡“√∂ —ß‡°µ‡ÀÁπ

®ÿ¥À—°‡À∑’Ë‡√’¬°«à“ Lower inflection point  (LIP) (¿“æ∑’Ë

1) ´÷Ëß‡™◊ËÕ«à“‡ªìπ§à“·√ß¥—π∑’ËµâÕß„™â‡æ◊ËÕ‡ªî¥∂ÿß≈¡∑’Ë¬ÿ∫

·ø∫Õ¬Ÿà à«π„À≠à®“°æ¬“∏‘ ¿“æ¢ÕßªÕ¥„π°≈ÿà¡Õ“°“√

ARDS8 ́ ÷Ëß„πªí®®ÿ∫—π¡’¢âÕ∂°‡∂’¬ß°—π¡“°„π‡√◊ËÕß§«“¡

‡À¡“– ¡¢Õß°“√„™â LIP ‡ªìπ·π«∑“ß„π°“√µ—Èß PEEP

Õ¬à“ß‰√°Áµ“¡ Amato ·≈–§≥–9 ·π–π”„Àâµ—Èß PEEP

∑’Ë Ÿß°«à“ LIP ª√–¡“≥ 2 ´¡.πÈ” ´÷Ëß‡ªìπ‡∑§π‘§∑’Ë„™â„π

√“¬ß“π°“√»÷°…“‡√◊ËÕß protective lung strategy ´÷Ëß

æ∫«à“ºŸâªÉ«¬°≈ÿà¡»÷°…“´÷Ëß„™â‡∑§π‘§¥—ß°≈à“«¡’ indices of

oxygenation ·≈– compliance ∑’Ë¥’°«à“ ·≈– “¡“√∂

À¬à“‡§√◊ËÕß™à«¬À“¬„®‰¥â‡√Á«°«à“

2) Stepwise incremental PEEP curves

‰¥â·°à °“√ª√—∫‡æ‘Ë¡ PEEP §√—Èß≈– 1-4 ́ ¡.πÈ”

®π°√–∑—Ëß∑”„Àâ‰¥â§à“ compliance ∑’Ë¥’∑’Ë ÿ¥ (maximal

compliance) ‚¥¬‰¡àµâÕßæ÷Ëß static pressure-volume

curve (p/v curve)10  ¡¡µ‘∞“π §◊Õ À“°µ—Èß§à“ PEEP

∑’Ë§à“π’È®–∑”„ÀâªÑÕß°—π alveolar collapse ‰¥â ªí≠À“ §◊Õ

§à“ PEEP ∑’Ë‰¥âÕ“®‰¡à‰¥â –∑âÕπ‡ªÑ“À¡“¬∑’ËµâÕß°“√

À≈’°‡≈’Ë¬ß derecruitment „π™à«ß ÿ¥À“¬„®ÕÕ° ‡π◊ËÕß®“°

°“√ª√—∫‡æ‘Ë¡ PEEP ‡°‘¥¢÷Èπ„π inspiratory limb ¢Õß

p/v curve

3) Stepwise decremental PEEP curves

‰¥â·°à °“√µ—Èß§à“ PEEP  ŸßÊ (ª√–¡“≥ 20-

25 ́ ¡.πÈ”) ‡¡◊ËÕ‡√‘Ë¡µâπ ·≈â«®÷ßª√—∫≈¥ PEEP ≈ß §√—Èß≈–

2-3 ´¡.πÈ” ‚¥¬‰¡à¡’°“√ª√—∫ tidal volume11 (¿“æ∑’Ë

2)  ¡¡µ‘∞“π §◊Õ À≈—ß®“°µ—Èß§à“ PEEP ∑’Ë∑”„Àâ¡’ maxi-

mal recruitment ·≈â«§àÕ¬Ê ≈¥ PEEP ≈ß ®–∑”„Àâ§à“

compliance ≈¥≈ß ‡π◊ËÕß®“° alveolar collapse ·≈–




