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Fig1 Pressure-volume curve on respiratory mechanics
of acute respiratory distress syndrome.
There is a hysteresis between inspiratory curve and expi-
ratory curve ( <+ ). Lower inflection point (LIP) and
upper inflection point (UIP) appear on the inspiratory
limb. There exists another flexion point (Pflex) on the
expiratory limb which means restarting alveolar collapse

during the expiration.

30cmH20 Tl 60 4T 45cmH20 Tld 20 43 THili K i
BHRETLHIE, RE[AENEZZOEFTELT
10cmH:20 @ PEEP %Nz % & MiKEAS R 5 2 &
ARENTze ZDF%, 20 FELL RITH72 ) $Z%  DWfgE
B S IEFNEA S ARDS fli€ 7V T, AR,
WHEEN, B A b A VERBIE TR 8T A
PRI b RET S, T4 O VILI ~NOFFIZ S 512
RE o7z R ZORBIKREL 2008F2 51K
2EEZOND LIV, —DFIE T AE 2
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— DAL IS O Jili B e JBi & W S B IR S & 2 B BRI
(Collapse and reopening) PKAEIZ & - THEL 5HEE
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ARDS 2B 2 JE - F i (Fig1) 1ZIEEICH
RTHETFIRFALOAENZLHICRY), TRIEBVET
DL LOBERELIEONEVWIEEZERLTWD,
72 R AR & PRI e A7 L — Y A (Hysteresis)
ENFIE NS HE 2 TR, WS R, R L 7 i
DL BEBBLIBED S (Lower inflection point :
LIP) &, BWZ2lifa D% A5 RIZ 7% 0 i % 1
(Upper inflection point : UIP) @ 2 > ®Ji il S AFAE
5% (Fig1)o Mz T, MU EIZS H O EDJE Il
Mo(Plex) 28, CHIEEMETT51Co0, B
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ARDS O N LIFWREMA ST 512H 725 Tk, Z O -
A AR ORI IEFICEE T, Mz T 5720w
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- AR (Fig1) TRENUIP 2BA5 L9
GEWIEIEOBMEZF SR §7200F LA
CVILIO—HE %%, FEENEICEL > TRIET 5%
T <2 HE R U 72 &2 S L O, HD Tid Barotrauma
EIFEN TV e ZOHBOMET, BWEGENIE LD
D 3l K 2 — A3 A 25l o0 s AR e B AR 1T X % iR
BHIRELBE LTWA D Z L2548 & 1 Volutrauma
L) FEIREENS. —T5, Pllex ZWL LIP 2 F
0] % BN Tl IR & P B o BAE AT | &
TENBIEEED. D) 1 OO VILIOKEKNTLH 5,
CNIC X > THEUZHEBIZ. TDIT) (Shear stress)
WEabolF SN, RrEEO—~KE %5,
F7o BB L 22RO B &L B 72Nl & o
TREMNEL D BIEAPITEVENTEAE LSS Z LA
HL SR EFET VBT T I TV 9,
S OIRFINCA U REC & o THiEE AT 5 Lw
I F ZH &, 1990 EHTHIC 7 - T Atelectrauma & I
N2 L9124, KLAIGNE LI IZho729 &
NOEDRA T Z XL A MSAETET 2 o4 L4
PRI A Z T CRERIEE A 71 =—F —%REE L,
i R T DRESE D AT 34 B & i L i B ik v 0 ik
%35 %% 2§ Biotrauma & W) D RIBI LT
Z) 10,11)0

PR NS 1%, VILI 2 f/hRRICHIR 572012, AL
IR & > THI & Z S 2 iR 58 O i % s
Ve BB L 72 A B S CRER A B <L whbw
% Open lung approach (2 & 0 JilifE &I i $H % 1F
B, ELICIEZHRAE~NOEREEZCZ EEZHE
LTw5,

0. FfifReEHRE DXKER

ARDS network 7% Randomized control trial (RCT)
TRARERIE ML Y TlE, 6 mL/kg &9 —H
BAELFET 2O B OEMAE S AKE (7
HWAE) 2L CTwA, I, ERETIEIYKRE
BHMEERE L OHBEPENZDTHL, FOHBEKRE
. BEETIE50+091 x (& -1524) kg, XPETIX
455+091 x (& -1524)kg L Wy X THIE IS,
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Table 1 Low tidal volume ventilation strategy proposed by ARDS network

Ventilator mode
Initial tidal volume

Plateau pressure

Volume assist/control
6 mL/kg of ideal body weight
< 30cmH:z0

If >30, gradually reduce tidal volume to maintain plateau pressure < 30cmH20

Ventilator rate (pH goal : 7.3 to 7.45)
Ratio of inspiration and expiration
Oxygenation goal

Combinations of Fioz and PEEP

6~35 (breaths/min)

1:1~1:3

Paoz 55~80mmHg or Saoz 88~95%
0.3 and 5 0.8 and 14
04 and 5 0.9 and 14
04 and 8 0.9 and 16
0.5 and 8 0.9 and 18
0.5 and 10 1.0 and 18
0.6 and 10 1.0 and 20
0.7 and 10 1.0 and 22
0.7 and 12 1.0 and 24
0.7 and 14

G#HIZ. TRTONLIFRIZBT 5 —HiRKE DR E
%, FRETIEIRL FUAETITIRETH S, 6mL/
kg & —HIKmE EDO LSS, 7T M—JEDHEE
(& 30cmHz0 DL FTH 0. 30cmH:0 %8 2 % 5413,
ZNUTICR2 X)) I~ EEZ S LTw L,
S, BRI pH A3 7.3~745 &7 A X HIZHHEI L
A 35 M/5rE LT\w5b, PEEP O#tEld. Ho0 LoD
R O NIZMAG DT> THELD HEE & Wi 723
£ 912 Froz & PEEP i & #IRL T < (Tablel),
2008 4F 12 22 5] ¥ N 7z Surviving sepsis campaign
guideline Tid. O—R#EKEDOHIE% 6 mL/kg (Filll
fRE) L L. QWA 7T M—E<30cmH0 ZHiZE 3 5%,
CWAR 7T b—EDOHIRE L EAERIRA L EL L.
ZD7=DITITEIREE VN A MAE % %5783 % (Permissive
hypercapnia). @ PEEP IZFFRMARIZBIT L0 i
BB 72D L NIVICHRET B 2 DRI T
By 2, BUED ARDS I3 % X% ¥ & — N R R4
ik wz b, HL., R#BRPAERER. FETE
B R B AT A MUAE OFEEE, KRB % P Bl S 2 7R I
ZBi<720DPEEP RV 7V — b A v MREHAR L, B
MDOEE > T WViEfFbE v, %ikd 275 $#2 PEEP
EWLBIZTRED, bW “E#PEEP” &)
I AR IE E 2T w 0,

I. EFEHRRET I b—FE

K[ National institutes of health (NIH) @ ARDS
network (& o Thtf7T &7z RCT (ARMA #f%8)Y @

24 (170)

FEA, A RS T A LI % 521) 72 ARDS E# 05t
UKD T AL % %) 72 ARDS BHED
RIS 2% T LA E2REh, EHaTPHES
FERREPHS N E o7z TORCT Tk, HE2S
IR SNZHMAE (PIMAE) 212, — IRk
Z6mL/kg & L7-RARBRRM L., 12mL/kg & L7z
avha—L#EEEFE LD OT, BERNECEOR
TBIUNTIFARL R O HRENT2e 2D RCT
ZZA5 BUE. ARDS BHO— 5 E% 6 mL/kg &
THRIME 2> TWD, F720 AL BE RHEMN % 1
Mat LR, gy 794 7 v ALV ESE ARDS
BHEF LR EE DR L7213 A PHUEE L
T2l T EPGHo TG B,

D PEEP 2 L 2255, — B A % i 5
L7 b—JEME LRI 2 ¥RE & LG L 72 4 DD
BF7E 1 1419 % Table 2 \ZFIFE L 720 (ZIZFFLEE ORE
HIRTHY, 77 b—EL Bl 72l TH BI2H D
5F, AELREREE /R L7Z20IE ARMA B2 721Th b,
COWFETIE, RAERTFICH LTIy ba— VBRI BIT
57T b—EPALBEICEH RN BY (25emH20 vs
33cmH20), 215 4 DOWFFED AT b v (Table 2)o
LD CRDE ERE NI RN 572D TR
WL DIRTE 3B T, AR L PEEP
& MLAE D7 N LIFIRERIE ORBGET 1820 128 W Th,
RO E R TARD SN T LHETIEa >
PE—WVECBIT S T T b —JEH 33~34cmH:20 & M
BBV EPRICE S (Table3). ARDS 2B 5
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Table 2 Clinical trials which studied the efficacy of tidal volume reduction with the same degree of positive
end-expiratory pressure (PEEP) in acute lung injury and acute respiratory distress syndrome.

Authors (Year) Strategy Tidal volume Plateau Pressure o T
(mL/kg) (cmH:0) (cmH:0) (%)
Stewart, et al (1998) gf;ltf:tlive o o ; o 0
Brochard, et al (1998)'9 gf:tterftlive 1? z f 22 . Z) ﬂ . 2 ig
Brower, et al (1999)1 g::;r:tliv o 12 zg ;é i 1 12 i i gg
ARDS network (2000)? g?:ttg::iv o 12 i i 22 i 2 g i i g(l) ] p<005

Only the ARDS network trial showed significant difference on mortality.

Table 3 Clinical trials which studied the efficacy of both tidal volume reduction and higher positive end-expiratory
pressure (PEEP) in acute lung injury and acute respiratory distress syndrome.

Authors (Year) Strategy Tidal volume Plateau Pressure PEEP Mortality
(mL or mL/kg) (cmH:0) (cmH20) (%)
Amao.ctal 99 B o1 o1 g Jo<0ss
Ranieri, et al (1999)% If;’g:eriive 1; N f gé i 2 LZ) . f gg TJp=016
-

The values of tidal volume in the study from Amato et al were reported as absolute values not available as mL/kg of ideal
body weight. Two of these studies showed statistically significant difference on mortality.

N TR GES % Mgt U228 <&y 35emH20 Bl o7 e AR FEIMAEZ 235 (Permissive hypercapnia)
T M —JEIFE RN & BT A KT 7205, — A CEDNEF LW, pHOKT2EZEFTHAETHD

BIEBELZWEVITHED bH L0, 7T M—IE ME—ED RIS TV, ARMA W28 TIk
OHIRS LV EEEZEZ SN D, pH 7.3~745 O & 7% 2 X 5 (TR o b5 % 3 %

ARDS B#F I3 L TRARBRLE 7T LRI L (K350 /45), pH715 22> RS hELT
IOMREZTIE VI FRAEHHHOD, REEAKFEF DU T 2% L Twb, EHEEREIRK
REBIVCTI P—EOBEDH LTI Y M T E%E EIOBICREINTYWS e ba— )b Td pH A8

BARMIZEZICEL DDV TO—FH L7 R T2 EE%RD X ) ICHENT A OBRELERT
LN TV, HARMRFEEK S E 2 B X O HAN B5EIRENT WD, 77 IT7OREN R B & i

WERF RPN EBHA KT 4 Tk [R5 EIE ITENE DAL S KHIEERA TR D 9 < & HKTE
10mL/kg I F (6~8mL/kg #2/¥) : 12mL/kg LI k& DEALIZO D) Rk,

L, WEHET T b—EiE 30cmHz0 PLF : 35cmHz0 —J7\ FICEEBRR RIE AR 2 I m AL
BlEELzw] LTwas, SR AR R 3D B & DA B B 22,

LA L. BRIFZEIC BT 2834 7% <. ARMA if%

TRIIBGET TR, — AR 6mL/ kg DA R

—E#EEE IR 2L, TARREAARONT, & FEIZBWT, Pacor b5, pHAIKFIZ X 2L CHRDYH
TEALRFIMAEE 22 ), LIF LIRS MET > F— SRR o72, FE TR, & ERALR R IMIEDS
VAT &Y o MiRER BT 72012, RIS & FliZK L 3313 & BB N K 20 D PRI 2 BHE 5 % & D

V. Permissive hypercapnia

171) 25



2011412 H 15 H

Table 4 Clinical trials which studied the efficacy of positive end-expiratory pressure (PEEP) used with
low tidal volume ventilation in acute lung injury and acute respiratory distress syndrome.

Authors (Year) Strategy Tidal volume Plateau Pressure PEEP Mortality
(mL/kg) (cmH20) (cmH:0) (%)
Brower, et al (2004)%) g?;lttsfiive gi 1 ;3 ié 1951;1 22
Meade, et al (2008)% lfjjfgjive ; s } ig . 2 }2 . i ;12
Merecat, et al (2008)3® Igsgtteriive 2 i 8 ;51; i g 1; i 2 gg

No significant differences on mortality were statistically found in the individual study. However, meta-analysis including these

studies showed a significant reduction on mortality only when ARDS patients were selected to analyze.

HOH BY, ZOBREZRETLIER LD S Y,

Z 2T, i, B CO:BEFZHMWEL TR YT
A ECMO &9 X X Interventional lung assist GLA)
F 7213 Pumpless extracorporeal lung assist (PECLA)
L) TTEDFRA SN TG 9, ZoJETE, K
v TR ACTICEEIROEZE 2 A L ColER I i &
ED . NLHiCTH AZMEAT ) HE LM T 5. B
R v v Mo TlitElE 1.0~25L/min LA &5,
BFEACZ M T 2 I RAD D 555, COz BrERHRIE
THCHIRFCTE % 3, R R % A 7 BRI IR
7Y RF—=Y 203y ba— VST A8E . “Lung
rest” L W) RICEDE, —HRGEEEIIA R4
~3mL/kg &3 % Ultra-protective ventilation T fii

WRIRD DD EOHELH L P, BUE, ILA ZHw
TR AR R ICBI 5 RCT (NCT00538928) 7ASH#E4T
LTBY, ZORMEPEHI N TS,

&= CO2 MEIE. —Bmic, MimmEzBEL, A
BIREAZA L. BMELRIC L 2HEFENTLE AR EE
&=L, LI D B KT, D72, R
IERZ A 230 JEFI Z & D@ XIS ANETH 5,

V. PEEP &%

—HHESEZ IR . GBI 2 A5 PRl PR G |
Eo T, BN Z R/NRIZT 57295120 PEEP
DFEIIEETH %, PEEP O &Il & - T,
R U 72 ife 2 FE i S il Bl A 2 &ic kb
Atelectrauma, Biotrauma % FFi§ 56 Z LASKEIEE 2
5% (Open lung approach)s 2 F T, ALI/ARDS
\ZB1F 55 PEEP &1 PEEP % M8 L 72 K#if % RCT
(ALVEOLI Wf%t %, LOV W%t 3, EXPRESS #F5¢ %)

26 (172)

PO TELD, WTNHHERKT % EOHR %
ML AR h 72 (Tabled), s RCT OF—
% % 312 L7z Meta-analysis 23\ ODPREEINTWS
25, ARDS IZFR o THES L7854 721). 1K PEEP #12
AT PEEP #ECTRENIE T (34.1% vs 39.1% -
RR 090, 95% CI 0.81~1.00) & ICUZELZE (303% vs
366% : RR 0.85, 95% CI 0.76~0.95) 2EEIIKLTFL T
W3 ZEERLZHREY BhHb, I~3HBIZBITA
¥34 PEEP 1. & PEEP #:C 9.0~78cmH:0. 7= PEEP
# T 153~108cmH:0 Tdh o> 72o ARDS D & 9 ([ZHEF
625 & D ECTER, TR AY X O ILHPR 2R, &

KXY 7oA T VABIVETLTWS X9
ZIEFITIE, BWPEEP # WA Z L TR EUET
LUREVER D B0 H Ltz v,

— 75 Wi % B < D214 7% PEEP Ofii % Yo
B HFEIZOVTIE—H L 72ERA % v ARMA BFE.
ALVEOLI Wzg. LOV Wige i, Fioz & PEEP DA
G T —7NVERVS ) B XU EXPRESS W78
TIE 79 b—fi% 28~30cmH20 & —EIZfR-D L 912
PEEP ZRET 2 HEDVHRH SN TV 5, TDIEHNIT,
RM % {7 L 7= 1245 4 I PEEP # T Cw & filia »
TIAT Y ADPMET T HEH O % Vv 2 ik 10,
B E A EM#E A S Lower inflection point (LIP) %
ROTZEDOE L Y% cmH20 &\ PEEP % V25 19,
EH it % F\» 72 Volume control ventilation TOWRZ D
BERHE AR SRS X D EHE SRz P LA >
Ty ERGLHENY 2L KA GTEMRBINT
WBD, EFNEN—K—ETH5b, £/, ML T
Hed 7 PEEP 2MEBRICE > THFIFICHRE R EICR S
LIXBR ST, “ Fil PEEP” OMEZ LT 5 2 L3k



LCTHES Tld v,

VI. fERaU 7Jb— bk 4 > FER
Recruitment maneuver (RM)

RM &, —IFWICKAEICHDDOIEE T T EH L7
il FE S, BELTEESESL L) BKRT,
Open lung approach ®—2 LS5 b, Rigkd
ALVEOLI#F3E %, LOV W%t 3" 128 WTd RM 25k
HAaNnTwbA (ALVEOLI #f5E Tld 40~35cmH:20 %
35 F . LOV if%E CTlid 40cmH20 % 40 FH[H] : 40 x 40 )
ZORRIEI S DN B d o T2 BIED Systematic
review Tld. RM 12 & D A EICBELDYET 525,
MEAT (12%). Desaturation (8%) A%i® Hit, E
EhaiHEL LT, 5% & @ Barotrauma. AR
AN 1BREICRD SN EHEShTwE 2, —
T BELOWHF RN THY ., BEOTFHEN
BT LHICEES o2 OHELH L 5P, Zhic
L Cid, ARDS L& THh 5 RM 21173 % &
TORMMENL, Y 70— X ¥ MESRBHEK,
RM @& & @ PEEP #EH—E L T\ & D451
BHbH, EHIT, ENFNRM OFEICIEHLDEN
Y., EREKTEDPHETLL TRV E L BEREEZ
bhd,

Bl R TIE, RM OV —7 4 YOI HERR ST
WG, L L RMEATIZE D, BIMICERF(LDSW
BT IR Z BT 2 DM TV, SHI. HfTHE
W, WEAER], EFREOHRE, FifTk O PEEP BE.
TEERAE~ORH 2 & RM ORtifr oM s L O
BGEAEE N5

VI. ZOfeDffR#ENT 7 0—F

LOEEfRBHR R, (Airway pressure release ventilation :
APRV) R SHEREL S (High frequency oscillatory
ventilation : HFOV) &, MifdiZ A% % JE % #IBR L 72
¥ TP & BB 28R 2 WA T &, Open lung
approach & L COZENMRESIN LA, I E TIZE
IR 7 PRGER R 2R L2 13720,

APRV Ti&, HFENWLFIZ PEEPHI 2 m RO 2 &
WX o THifBY) 2V — 1+ A ¥ MIEDE SN D Z AR
RKOFTH A5, PEEPLo ~D Y ) —ZAH 5 PEEPHI
R ETOMIZAELBMANDA ML RZA 05T
fAIET %o ED72, ARDS OFEIFEFNI BT 5 AN LI
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Wk U CIIMitR#ER & B 2 57089 R VICEE 2% 5 .

HFOV i3, 27w —#sds 2 s E THWTWw 5
720, WERIHESI IO A ML AGENRTH Y, Feks
DNifRERIEE D EDLNLHUTH L, BED2OD
RCT #49 TIIECHOFBELLTIIRIR TN
7%, post hoc AHTICBVT, oxygenation index (OI) 2%
B, BRFEEA LD R EICREE STV B ERER (01>
30) THAFRIABEIIE L R BEAIRENTEY 0,
FAERTOBRERESEICZLTH, WA & i
WA L7z EE ARDS I2BWCZ DA MMEEIET 2
Z LA S N B HFOV IZ T 5% Hiik RCT(OSCAR
trial. http://duncanyoungnet) 254 ¥ 1) ZI2B W T
THC, BUE 6B FEBIS BRI N THE D, T ORED
FHEh TS,

L2 LAdss, BT, Sho OfFska AL
W ZAMMEICET AT Y 222 LL, @HEOH
FCIEEERLB L O CO: MIEATE S e W EHER
RILDEGEIT, % DIEFTOH M % FZIE L THEIR
&M 5 Rescue strategy & W) EDIFTTH B 7,

N LI & X HERI4R 22 25, ARDS L2 h A
TP ASBR IR & 72 A & i ot 38 % 48 IRy [ e fie
LTHEG$ 5L, BBEOTRIUWET 5 W] aethkrs354H
ENTVWD Y, fioar 747 v AHEGKEINIIA
BbE M5 2 & TALIRIZ L BHli~DA L A%
WU 72WEeTES & 0 o Wl PREEENE 2 ) S & B B
BEEHAL TS0 LR,

b

ARDS BHEIZBW T ANLIPREER D 5 BHRAT]
WMEVWZ D, ZNW2. ARDS O F#% s L72ME—
OFH L LT, Mtk 3w mE R HE ST
Hbo LHIIEM PEEP XU RM T-H o7, HFOV
R LA OBz EF7 R SREORGEE O E b
Bl o ifE s %,

2 EZ X |
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Abstract

Acute respiratory distress syndrome (ARDS) represents a spectrum of acute respiratory failure with diffuse
bilateral lung injury and severe hypoxemia caused by non-cardiogenic pulmonary edema. The clinical disorders
associated with the development of ARDS include sepsis, pneumonia, aspiration of gastric contents, and major
trauma. Despite advances in critical care medicine ARDS is associated with high mortality rates. Mechanical
ventilation is a life supporting intervention that aims to maintain gas exchange in these patients, but it can also
augment or initiate lung injury, known as ventilator-induced lung injury (VILI) or ventilator-associated lung
injury (VALI). Mechanical ventilation with lung protective strategy that aims to minimize tidal volume and
plateau pressure have been the predominant intervention associated with improved patient’s survival. We
describe the experimental and clinical evidence of the effects of lung protective mechanical ventilation
strategies and open lung approach on the progression of lung injury and current controversies surrounding
these subjects.
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