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Higher vs Lower PEEP
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Higher vs Lower PEEP A7 fi#ih

All Patients With ARDS Without ARDS
[ [ [
No. (%) No. (%) No. (%)
[ 1 [ | [ |
Higher Lower Higher Lower Higher Lower
PEEP PEEP  AdjustedRR P  PEEP PEEP  AdjustedRR P PEEP  PEEP  Adjusted RR P
Outcomes (h=1136) (n=1163) (95% Ch@ Value (n=951) (n=941) (95% CN? Value (h=184) (n=220) (95% Cl)2 Value
Death in hospital 374 (32.9) 409 (35.2) 0.94 25 (324 (34.1) 368 (39.1) 0.90 .049Y50 (27.2) 44 (19.4) 1.37 .07
(0.86 to 1.04) (0.81 to 1.00) (0.98 t0 1.92)
Death in ICUP 324 (28.5) 381 (32.8) 0.87 01l 288 (30.3) 344 (36.6) 0.85 .001§36 (19.6) 37 (16.8) 1.07 71
(0.78 t0 0.97) (0.76 to 0.95) (0.74 to 1.55)
Pneumothorax 87(7.7)  75(6.5) 1.19 24 80(8.4) 64(6.8) 1.25 13 738 11(5.0) 0.72 33
between day (0.89 to 1.60) (0.94 t0 1.68) (0.37 to 1.39)
1 and day 28°
Death after 43(3.8) 40 (3.5) 1.11 63 4143 35(3.7) 1.20 39 2(1.1) 5(2.3) 0.44 34
pneumothorax® (0.73 to 1.69) (0.79to 1.81) (0.08 t0 2.35)9
Days with 13 (0to0 22) 11 (0 to 21) 0.64 10 12(0-21)  7(0-20) 1.22 004 17 (0-23) 19 (5.5-24) -1.74 .07
unassisted (-0.12t0 1.39)® (0.39 t0 2.05)¢ (-3.60t0 0.11)®
breathing
between day 1
and day 28,
median (IQR)
Total use of rescuef138 (12.2) 216 (18.6) 0.64 <.001 130 (13.7) 200 (21.3) 0.63 <.001) 8(4.4) 16(7.3) 0.60 25
therapies (0.54 t0 0.75) (0.563t0 0.75) (0.25 10 1.43)9
Death after rescue l85 (7.5) 132 (11.3) 0.65 <.001 82(8.6) 124 (13.2) 0.66 <.OOTJ 3(1.6) 8 (3.6) 0.37 .15
therapy' (0,52 10 0.80) (05219 0.82) (0.10to 1.46)9
Use of 722 (63.6) 759 (65.3) 0.93 49 627 (65.9) 647 (68.9) 0.90 .37 95(51.6)111 (50.5) 0.92 72
Vasopressors (0.75t0 1.14)9 (0.72t0 1.13)9 (0.56 to 1.50)9
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Lexp

Control Group
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Figure 1. Ventilator Settings According to the Protocol.

For the intervention group, keep the partial pressure of arterial oxygen (PaO,) between 55 and 120 mm Hg or keep
the oxygen saturation, as measured by pulse oximeter, between 88 and 98% by using the ventilator settings in one
column at a time. Set the positive end-expiratory pressure (PEEP) at such a level that transpulmonary pressure dur-
ing end-expiratory occlusion (P,,) stays between 0 and 10 cm of water, and keep transpulmonary pressure during
end-inspiratory occlusion at less than 25 cm of water. For the control group, keep PaO, between 55 and 120 mm Hg
(or keep oxygen saturation according to pulse oximeter between 88 and 98%) by using the ventilator settings in one
column at a time. Set the PEEP and tidal volume at such levels that the airway pressure during end-inspiratory oc-
clusion stays at less than 30 cm of water. In both groups, apply ventilation with either pressure-control ventilation or
volume-control ventilation with a ratio of inspiratory time to expiratory time between 1:1 and 1:3 to minimize dys-
synchrony between the patient and the ventilator while achieving a tidal volume of 6+2 ml per kilogram of predicted
body weight and a respiratory rate of 35 breaths per minute or less. Lung-recruitment maneuvers are permitted to
reverse episodic hypoxemia after suctioning or inadvertent airway disconnection, but not on a routine basis.
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N Engl ) Med 2008;359:2095-104.
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Ventilator mode
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Respiratory rate
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Inspiratory time

Plateau pressure goal
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Ventilator mode
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Respiratory rate
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VC
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H 55 Intervention
« Open Lung Approach
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After randomization settings

Ventilator mode

V. target

V. range

Respiratory rate

PEEP

Recruitment maneuvers

Inspiration: expiration ratio

Arterial pH goal

Plateau pressure goal

Partial pressure of arterial oxygen goal

Oxygen saturation by pulse oximetry

Open lung approach

PC

6 mL/kg PBW
4-8mlL/kg PBW
< 3b breaths/min
Set using decremental PEEP trial
Yes

1:1-1:3

2730 and £ 745
<30cmH0
55-80mm Hg
88-95%




RMBITIZEFEIR (275

3 - £S5 HRE+ B4
J37E Intervention ERWER LR

Recruitment Maneuver (RM) | @cpap a0emio,
40sec (L3P 540-40)

Maximum Recruitment Strategy

70 4 ! :
60 - : S, ! @O0LA=PVA—T 2 &Y
— : ' A= S — _
2 0l L | | AP = 15 amiyo0 | TF1=LIPAMOEXTE LT=
E X | Wi PEEP
s % ' A
g " 3 .
. 3 3 il | BRM
£ 3 HII“ 1 = il 25 com,0 | PEEP 25cmH20, Pi
§ = y 1 T 15cmH20THtg, 45
& ||I M . MR i&. semlAHTLE
bl | : [FTUL, 207K LT=
S | R E 540/25I2RL. ShE
| L Tme | RRHEEM
60cmH20(Z7; A F Tk
ﬂ Complete multislice CT ?'f%y:l:‘[',j_é

t Semi-complete multislice CT

Am J Respir Crit Care Med Vol 174. pp 268-278, 2006



H 55!:\ Intervention

RMEIDIEIRFIRELZ E L (& ?

- PPV=10 CBIZERF(ITV 8ml/kg PBW=(C93B)
- SvO2 or Scv02=270%

- CVP>12cmH20

FEEzEmleTRR N, BEEwRZIRS D

RMOFFE%E

- MAP <60mmHg or 20mmHgd_EDIKTF
. Sp02 <88%
- HR> 130 or <60/min
 FTARAZEARD IR
- Sv02 <65% or 20% L EDIKTF




H 55!:\ Intervention

The decremental PEEP trial
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7555 Comparison
« ARDS net protocol

After randomization settings Acute Respiratory Distress

Ventilator mode

V. target

V. range

Respiratory rate

PEEP

Recruitment maneuvers

Inspiration: expiration ratio

Arterial pH goal

Plateau pressure goal

Partial pressure of arterial oxygen goal

Oxygen saturation by pulse oximetry

Syndrome network protocol
VC
6mL/kg PBW
4-8 mL/kg PBW
< 35 breaths/min
Set using Fio,-PEEP table
No
1:1-1:3
=730 and < 745
<30cm H.O
55-80mm Hg
88-95%




ﬁiﬁ Comparison
« ARDS net protocol

Lower PEEP/higher FiO2
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- Fluid Management
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Outcome

 Primary Outcome

60

JC

._I_K(
— =1

« Secondary Outcome

28

DYNERERINET i B

SABIEEDREE

Amy

ICU

/

ICU

/

Z

Z

e s =

AN A FEAR
LA




et

o AN > 0Espana Study Cl&V-
6~8ml/kg CEIE ZMN/ZARDSDILT XK
45.5%. XU COLABXIE33% LU\ DFER
EIEDIC

« CNBEDFT—IMNSANRD MREEZRL5Y,
CHRE L. a=>—0.05 power 80% & U
T. WERY>T)ILHAXIE600ANE U

» PE<0.05ZBE LU
« Intention-to-treatf&th




Screened

ARDS patients
n= 1874

TasR ainaiy

S EREAR]

2007/9/1~2013/8/9

Excluded subjects
-Age<18 years 17
-Age>80 years 107
AWeight<35 kg PBW 5
-Body mass index>50 14
Antubation for an acute exacerbation
of chronic pulmonary disease 100
-Acute brain injury or intracranial |
pressure>18 mmHg 135

-Patients receiving chemotherapy

or radiation therapy (<2 months

after chemotherapy or radiotherapy) 267
-Severe cardiac disease: NYHA class
2 or4 or acute coronary syndrome or

ventricular tachyamythmias 48
Pregnancy (confirmed by lab test) 7
-Sickle cell disease 16

-Meuromuscular disease of all lypes 20
-High risk of mortality within3 months

Met inclusion criteria

n=297

|

Enrolled
n=218
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from other than ARDS (terminal stage

cancer, severe cerebral damage)
-More than four extra-pulmonary
organ failures

-Presence of documented barotrauma 129

-Persistent hemodynamic instability,
intractable shock (MAP<60 mmHg

for=2 h with maximum dose of
VASOPIessors
-Penetrating chest injury

-Consented for another interventional

study

194
219

. |

ventilation

Regeived standard
for 24 hrs

a4 [ Excluded due

|

el to P/F2200
n=18
- Stratification by
Ra_ndormzed Cenfer
-Persistent cases- r=rd Age
n =200 APACHE score

Open Lung
Approach Protocol
n=49

ARDSnet Protocol
n=10

Protocol not strictly fulfilled

forthe whole ICU stay
n=13

for the whole ICU stay

Protocol not strictly fulfilled ‘
n=12

|

I

Intention-to-treat analysis
n=99

Intention-to-treat analysis
=101




Acute Respiratory Distress
Syndrome Network
Protocol (n = 101)

Open Lung Approach (n = 99)

, |n % Characteristics

Baseline

At the time of screening for ARDS

Age (yr) 52.2+156.1 53.4+145
Gender (male/female, n) 57/49 67/34
Acute Physiology and Chronic Health Evaluation Il score 18+10 17£6
PBW (kg) 61+11 62+ 11
Risk factors for ARDS, no. of patients (%)
Sepsis 45 (45) 44 (44)
Pneumonia 53 (54) 54 (53)
Aspiration of gastric content 14 (14) 13 (13)
Other 16 (16) 23 (23)
Vs (mL/kg PBW) 74+1.8 71+£15
Plateau pressure (cm HQO) 27+5 27+b
Set PEEP (cm HQO) 11.9+33 11.9+3.8
P/F ratio (mm Hg) 121437 114+33
Pao, (mm Hg) 85+26 81+£19
Fio, (%) 70 (50-100) 70 (60-90)
Avrterial pH 732+0.09 732+0.09
Paco, (mm Hg) 48+ 192 47+12
Respiratory rate (breaths/min) 29+6 29+6
Minute ventilation (L/min) 992+923 03+923
Organ/system dysfunctions, no. of patients (%) 62 (63) 67 (66)
Coma 6 (6) 3(3)
Renal 17(17) 16 (16)
Hepatic (1) 5(5)
Cardiovascular 50 (1) 59 (68)
Disseminated intravascular coagulation 4(4) 6 (6)
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Baseline Baseline Characteristics (3[a8ZF

Acute Respiratory Distress
Syndrome Network

Characteristics Open Lung Approach (n = 99) Protocol (n = 101)

At the time of *qualifying arterial blood gas” (after 12- to 36-hr standard ventilation and 30-min specific settings)

V. (mL/kg PBW) 6.3+09 6.2+0.8
Plateau pressure (cm H,O) 259+55 259+4.4
Set PEEP (cm HQO) 12127 12+23
Respiratory rate (breaths/min) 268+6 25.2+47
Minute ventilation (L/min) 06+2.3 96+23
P/F ratio (mm Hg) 133+38 128+ 31
Pao, (mm Hg) 86+22 82+ 15
Fio, (%) 70 (60-70) 70 (561-70)
Arterial pH 7.32+0.08 7.34+0.08
Paco, (mm Hg) 497+ 11 479+9

At the time of “baseline arterial blood gas” (Fio, = 100%)

Pao, (mm Hg) 179188 174£74
Arterial pH® 733+0.082 7.35+0.09:
Paco, (mm Hg) 47 (41-55.5) 46.4 (40.5-54)

At the time of randomization

Duration of mechanical ventilation (d) 19+1.3 20+12




ﬁ% Primary Outcome

TABLE 3. Study Outcomes

Acute Respiratory Distress

Outicomes Open Lung Approach  Syndrome Network Protocol
28-d mortality, n (%) 22 (22) 27 (27) 051F
60-d mortality, n (%) 28 (29) 33 (33) Qb4 F
ICU mortality, n (%) 25 (25) 30 (30) 063 F
35 (35) 045 F
100- 16 (11-28) 0.79 W
23 (14-41) 0.49W
7 7 (0-20) 053 W
&
@ 804
ks oA 10 (33) 0.11F
®
2 704 Control 3(10) 001F
O
2 10(33) 022F
E 60+
& 1(3) 099 F
4(13) 048F
50 1
f'J 1|0 210 3'0 410 5'0 610 2 (7}
Days after randomization
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?'ﬁ:lhi Secondary Outcome

TABLE 3. Study Outcomes

Acute Respiratory Distress

Outcomes Open Lung Approach Syndrome Network Protocol
28-d mortality, n (%) 22 (22) 27 (27)
60-d mortality, n (%) 28 (29) 33 (33)
ICU mortality, n (%) 25 (25) 30 (30)
Hospital mortality, n (%) 29 (30) 35 (35)
Length of ICU stay, d, median (IQR) 18 (10-28) 16 (11-28)
Length of hospital stay, d, median (IQR) 27 (16-46) 23 (14-41)
Ventilator-free days, d, median (IQR) 8 (0-20) 7 (0-20)
Primary cause of death in ICU—univariate analysis

Progressive respiratory failure, n (% nonsurvivors) 3(12) 10(33)

Septic shock, n (% of nonsurvivors) 10 (40) 3(10)

Multiple organ failure, n (% of nonsurvivors) 4(16) 10 (33)

Cardiac failure, n (% of nonsurvivors) 1(4) 1(3)

Other, n (% of nonsurvivors) 6 (24) 4(13)

Unknown cause of death, n (% of nonsurvivors) 1(4) 2(7)

051F
054 F
053 F
045F
0.79wW

049 W
053 W

011F
001F
022F
099 F
048 F

IQR = interquartile range, p values: F = Fisher exact test, W = Wilcoxon rank test.
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fﬁ:nhi Secondary Outcome

TABLE 4. Change of Ventilatory Parameters and Arterial Blood Gas Variables Over Time

Randomization
Variables
Nao. of patients (n) ARDSnet 101 101 g8 86 78
OLA 99 94 90 83 73
Ventilation
Peak inspiratory ARDSnet 319+55 32.20+6.1 30.7 8.0 30.0+8.8° 30.0+10.12
pressure (em H,0) ) o 32.8+52 30.1+3.75 28.0+5.2% 06.9+5.4% 05.9+5.8%
Plateau pressure ARDSnet 2682+43 252+46 245+5.1 244+48 248+59
(em H,0) OLA 05.1+4.7 079+ 3.8+ 26.2+3.9° 04.8+39 23.7+6.0
Mean airway ARDSnet 179437 173+32 165+ 4.6 165+4.8 16.8+5.8
pressure (em H,0) ) 5 18.4+37 20.6+ 3.6 19.7 £4.7¢ 165+4.3 167 +47
PEEP (cm H,0) ARDSnet  12.0+24 11.6+25 10.7+3.3¢ 10.4+3.7¢ 105+3.9°
OLA 11.8+2.4 15.8+3.8 14.3+39 125+39¢ 11.2+4.4
Driving pressure ARDSnet 142+39 13.8+37 136138 13.3+34 13.9+41
(em H,0) OLA 140443 11.8+35: 114431 124+32 120+38
Auto-PEEP ARDSnet  0(0-1) 0 (0-1) 0 (0-1) 0 (0-1) 0 (0-1.1)
(em H,0) OLA 0(0-1) 0.5 (0-1) 0(0-1) 0 (0-1) 0 (0-1)
Tidal volume (mL/kg ~ ARDSnet 65+ 1.0 6.2+0.7 B.4+1.1 6.4+1.2 6.7+ 1.6
f\r’;‘éﬁfd bady OLA 66+1.3 5.6+1.1%4 5.8+ 1.0 6.4+1.4 68+15
Compliance of the ARDSnet 280 (225-367) 288(220-369) 0275(220-346) 282(220-38.1) 271 (21.1-37.1)
Efnsf}f‘: EQSO"’)S‘E'" OLA 290 (218-389) 206 (206-38.1) 30.4(23.4-395) 208 (253-340) 308 (230-358)
Respiratory rate ARDSnet 248450 26.0+48 264149 254+£865 258+54
(breaths/min) OLA 5.1 +6.0 289+ 5.6+ 08.4+5.5% 0790+ 6.75 053+6.7
Inspiratory time (s) ARDSnet 0.8 (0.7-1.0) 0.8 (0.7-0.9) 0.8 (0.7-0.9) 0.8 (0.6—-1.0) 0.8 (0.6-1.0)
OLA 0.8 (0.7-1.0) 0.8 (0.8-0.9) 0.8 (0.7-1) 0.8 (0.7-0.9) 0.8 (0.7-1.0)



fﬁ:nhi Secondary Outcome

TABLE 4. Change of Ventilatory Parameters and Arterial Blood Gas Variables Over Time
Randomization

Variables

Blood gas

Pao, (mm Hg) ARDSnet  822%149 81.7+21.3 8381245 81.9+21.7 85.1+26.4
OLA 86.5+22 100.6 £ 58.424 90.3£25.6° 8712564 81.8+243

Fia, (%) ARDSnet 70 (50-70) 60 (50-70) 60 (60-70)¢ 60 (45-70)* 50 (40-70)*
OLA 70 (61-70) 40 (40-60)* 40 (40-50)* 40 (40-50)* 40 (40-50)+

Pao,/Fio, ratio ARDSnet 1283%30.5 136.6+435 14831549 1564.0+70.1¢ 168.3+829°
OLA 133.4+378 198.5+78.6 212518443 197.3+73.8 193.0+£75.7=p

Paco, (mm Hg) ARDSnet 475188 482+84 51.1+124 50.1+£11.9 495+13.1
OLA 49.7+11.1 572+ 16.6° 504+139 493+127 495+133

pH ARDSnet  7.34%008 736+£0.08 738+0.09¢ 741x0.08° 7.41£0.08°
OLA 732+0.08 730£0.1¢ 737 £0.1 739+0.09 730+£0.89

Spo, (%) ARDSnet  945%30 939+49 948129 851132 94.1+46
OLA 942441 95.1+3.7 95.5+3.3¢ 8952+ 3.1 95.0+29
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