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Extracorporeal Membrane Oxygenation for 2009 Influenza A(H1N1) Acute
Respiratory Distress Syndrome
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Extracorporeal membrane oxygenation for severe ARDS in pregnant and postpartum

women during the 2009 H1IN1 pandemic
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Referral to an Extracorporeal Membrane Oxygenation Center and Mortality
Among Patients With Severe 2009 Influenza A(H1IN1)
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Referral to an Extracorporeal Membrane Oxygenation Center and Mortality
Among Patients With Severe 2009 Influenza A(H1IN1)
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CESAR trial.

Peek GJ et al,Lancet.2009 Oct 17;374(9698):1351-63
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CESAR trial.

Peek GJ et al,Lancet.2009 Oct 17,;374(9698):1351-63
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| 766 patients screened for eligibility ‘

586 excluded
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180 enrolled and randomly
allocated to treatment

103 bed unavailable for ECMO

99 had Murray score <3-0 or pH >7-20

86 had high-pressure ventilation for >7 days
298 other*

v
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22 did not receive ECMO
16 improved with conventional

90 assigned for consideration
to receive ECMO

90 assigned to receive
conventional management

management <

3 died within 48 h before transfer y

2 died during transfer 68 received ECMO 0 received tional

1 had contraindication to heparint received ECMO support S0 received conventiona
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90 continued to be assessed
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‘ 57 eligible for 6-month follow-up ‘

| 46 eligible for 6-month follow-up# |

—)| 44 died before 6 months

5 had restricted information about
status at 6 months from GP or
hospital data

A 4

3 withdrew from the study and
had no information about
severe disability at 6 months

v

11 had restricted information about
status at 6 months from GP
or hospital data

52 assessed at 6 months l

| 32 assessed at 6 months
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CESAR trial.

Peek GJ et al,Lancet.2009 Oct 17,;374(9698):1351-63
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Extracorporeal membrane oxygenation for 2009 influenza
A(H1N1) severe respiratory failure in Japan.
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Extracorporeal Membrane
Oxygenation for Severe Acute
Respiratory Distress
Syndrome(EOLIA trial)

A.Combes, et al:NEJM, May 24,2018;378:1965-1975
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Intervension
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Express study

Ventilator Mode

Volume-Assist Control

Tidal volume goal

6 mL/kg of predicted body weight?

Plateau pressure limit

=30 cm H.O

Ventilation rate and pH goals

=35; adjusted for a pH between 7.30 and 7.45

Oxygenation goals
Pao, 55-80 mm Hg
Spo, 88%-95%
PEEPP

Minimal distension group®

Total PEEP between 5 and 9 cm H.O

Increased recruitment group®

Plateau pressure between 28 and 30 cm H,O

Recruitment maneuvers

Allowed but not recommended

Adjunctive therapies (prone position or inhaled
nitric oxide or almitrine bismesylate)

Allowed when the oxygenation goal was not
met despite F10, =0.8

PEEP weaning test
In patients with Pa0,:FI0, >150 mm Hg

with FI0,=0.6 daily from day 4 onward;

FIO, of 0.5 and PEEP of 5 cm H,O
for 20-30 min

Successful if Pa0, =100 mm Hg; subsequent
ventilation with PEEP of 5 cm H,0, tidal
volume <10 mlL/kg predicted body weight,
and plateau pressure <30 cm H,0O
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Outcome
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STATICS

- 6 OHETXRIZ, WiIBEF60%. ECMOEH40% EREFEHD
- 1 80%. Mfl, afE5% &9 D E331AMNE,
- PR & U Ctwo-sided triangular testz £ FE
« ZEDDHTIILATDED

OHFTY— : X2. Fisher

@&t : t. wilcoxon

®@60HETXR : hTS5>Y 11V —. logrank. Coxttfl)\H— K
* Primary end point(3ITT
« R ver3.3.3. SAS ver9.2. PEST verd&={&FF




ITT(intention to treat)

IFRER
Nl

TEARDS
N Sr=yteE

SABOIHACHEIL TOBH, ARSI @\l o 3 aTet:

cap D



sl )

2 M3
- ECMO significantly superior __—~
ol g
61 - G *No significant difference
X T
; ‘
; v~ ECMO significantly inferior
0 T |
10 15
—4 1

Whitehead’s triangular test(Preliminary analysis set)
Primary endpoint@ AT (CdS U\ T

B, BE. ERhiASHh THhDImE(EEIAIFIE




RESULT



1015 Patients were assessed for eligibility

728 Were excluded
166 Were already receiving venovenous ECMO
for ARDS
130 Had been receiving mechanical ventilation

for >7 days 3y L
86 Had moribund condition with SAPS-11 >90 1 O 1 SAD\@TLT\
66 Had cardiac failure resulting in venoarterial “ N
~ W
Echo 728 N\ BRINEAE TR

57 Had severe chronic respiratory insufficiency i
50 Had decision to limit therapeutic interventions 38*(3:5}?@ D T“ B’%&‘i\
- 48 Had cancer with life expectancy of =5 yr A 70N
45 Had cardiac arrest
30 Had weight >1 kg/cm or BMI >45
7 Were <18 yr of age
43 Had other reason
38 Were eligible but did not undergo randomization
14 Did not have family consent
14 Were overlooked by ICU staff
6 Had been enrolled in another trial
4 Did not have CardioHelp device immediately
available

\

FOl IOW u p>—_|£—( 249 Underwent randomization 249 Ab\\%ﬂ%ﬂgnt H%/ﬁ\?
100% ? PRI CBEE/RULDIZHR T

| l HORA—)\— :
124 Were assigned to receive ECMO 125 Were assigned to receive conventional 3 SA( 280/0)73\\ECMO/\

121 Received ECMO hanical ventilati - N
— 35 Received rescue ECMO S5>A5LEf$%E  6.5+9.7H
l l I I S S S S IS IS DS e e e e .

124 Were included in the primary analysis 125 Were included in primary analysis




Table 1. Characteristics of the Patients at Randomization.*
ECMO Group Control Group
Characteristic (N=124) (N=125)
Age —yr 51.9+14.2 544127
Male sex — no. (%) 87 (70) 90 (72)
Immunocompromised condition — no. (%) 27 (22) 27 (22)
SOFA scorey 10.8+3.9 10.6£3.5
Median time since intubation (interquartile range) — hr 34 (15-89 34 (17-100 s Ny
Cause of ARDS — no. (%) e g | | ( | - /g A'ft@ﬂ%,l"l_“_l\t“
Preumonia BEBRCARELGU
Bacterial 54 (44) 58 (46)
Viral 26 (21) 20 (16) .. R T =
. o P Pplat&driving PICI—&B—4 K48

Pao;:Fio, — mm Hg 73+30 7224
PEEP — cm of water 117439 11.8:37 FIO2(Z0.96+0.1 vs 0.96+0.09
Tidal volume — ml/kg of predicted body weight 6.0+1.3 6.1:0.9
Respiratory rate — breaths/min 30.4+4.7 31.2:45
Plateau pressure — cm of water 29.8+5.5 29.5:4.8
Driving pressure — cm of water 17.8+7.0 17.7+5.8
Respiratory-system compliance — ml/cm of water 25.0+11.5 254:10.8
Arterial blood pH 7.24+0.13 7.2410.12
Pao, — mm Hgi 69+25 68+22
Paco; — mm Hg 5715 57£16
Prone positioning— no. (%)§ 70 (56) 78 (62)
Inhaled nitric oxide or prostacyclin— no. (%)§ 64 (52) 68 (54)
Recruitment maneuvers — no. (%)§ 22 (18) 34 (27)
Neuromuscular blockade — no. (%)§ 114 (92) 120 (96)
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Table 2. End Points.*

ECMO Group Control Group Relative Risk or Difference
End Point N=124 N=125 95% CI)§

Primary end point: mortality at 60 days — no. (%) 57 (46) 0.76 (0.55 to 1.04)

P Value

Key secondary end point: treatment failure at 60 days — 72 (58) 0.62 (0.47 to 0.82)
no. (%)

Other end points

Mortality at 90 days — no. (%)

Median length of stay (interquartile range) — days * 60 Eyﬁtg p ﬁf%m l./

In the ICU JZh'. ECMOZFHMEL ViEm1dn D
In the hospital
N xx
Median days free from mechanical ventilation (inter- o 60 E;ﬁ’ﬁ*ﬂig . ﬁ"_, %E D
il
i FET- & ECMO/\Dcrossover
Median days free from vasopressor use (interquar-
tile range)§

(2L, BT —HDFEF)

Median days free from renal-replacement therapy
(interquartile range)§

Prone position — no. (%)9 82 (66) 113 (90) -24 (-34to-14)
Recruitment maneuvers — no. (%) 27 (22) 54 (43) -21 (-32to-10)
Inhaled nitric axide or prostacyclin — no. (%)9 75 (60) 104 (83) -23 (-33to-12)

Glucocorticoids — no. (%) 80 (65) 82 (66) -1(-13to 11)




Table 2. End Points.*

End Point
Primary end point: mortality at 60 days — no. (%)

Key secondary end point: treatment failure at 60 days —
no. (%)

Other end points
Mortality at 90 days — no. (%)
Median length of stay (interquartile range) — days
In the ICU
In the hospital

Median days free from mechanical ventilation (inter-
quartile range)§

Median days free from vasopressor use (interquar-
tile range)§

Prone position — no. (%)

Recruitment maneuvers — no. (%)

Inhaled nitric axide or prostacyclin — no. (%)9
Glucocorticoids — no. (%)9

. MESIRSESEODERIHART : 3I53EE 5E0\
. MEIRGEEEODERIHARY : 3T53EE 550\
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46 (37) 59 (47) -10 (-22t0 2)
23 (13-34) 18 (8-33) 5 (-1 to 10)
36 (19-48) 18 (5-43) 18 (6 to 25)

23 (0-40) 3 (0-36) 20 (-5 to 32)

49 (0-56) 40 (0-53) 9 (0to 51)

50 (0-60)

32 (0-57)

18 (0 to 51)

82 (66) 113 (90) -24 (-34 to-14)
27 (22) 54 (43) -21 (-32 to-10)
75 (60) 104 (83) -23 (-33to-12)
80 (65) 82 (66) -1(-13to 11)




Secondary endpoint
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« ECMOEXD(E DM
PP free daysh'Rl\ 59vs46
RRT free daysh\=lLY 50vs32
ARF free daysh'l) 46vs21

Cardiac failure free daysh' L\ 48vs21
« MOF, MEIRANZE, Septic shockh\FE7RFEE
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Immunocompromised
Mo
Yes

Principal cause of ARDS
Bacteral pneumonia
Viral pneumonia
Oither

Interval between start on MYV and randamization

< 3 days
z J days
Comgliance
< 24 per cm of water
= 24 per om of water
Drving pressure
< 16 cm of water
2 16 cm of waler
PaOz FiDz
< 66 mm Hg
2 56 mm Hg
PaCQOz
= 55 mm Hg
= 55 mm Hg
Lactate
< 2 mmol/L
z 2 mmolL
SOFA score
<11
=11
Severe sepsis or seplic shock
MNa
Yes
Vasopressors
Mo
Yes
Prone position
Mo
Yes
Recruitment maneuvers
Na
Yes
Corticosteroids
Mo
Yas
Renal replacement therapy
Mo
Yas
Center
ECMO center
MWon-ECMO center
Total

ECMO (n = 124)

32/B7 (36.8%)
12/37 (32 4%6)

17162 (27 4%)
27162 (43.5%)

20096 (30.2%)
15/27 (55 6%)

18/54 (35.2%)
BI26 (23.1%)
19/44 (43.2%)

31/B5 (36.5%)
13/30 (33.3%)

24/53 (45.3%)
11/43 (25.6%)

13040 (32.5%)
2256 (39 3%)

28/64 (43.8%)
16/58 (27.1%)

24/58 (41.4%4)
20465 (30.8%)

13/54 (24_1%)
30063 (47 B%)

13/80 (21.7%)
31/64 (48.4%)

BI25 (32%)
36109 (36.4%:)

28 (17 9%)
38/96 (40 6%)

17/54 (31.5%)
27/70 (38.6%)

38/102 (37.3%)
622 (27 3%%)

23/B0 (28.8%)
21/44 (47 7%)

32/96 (33.3%)
12/28 (42.9%)

25/75 (33.3%)
19149 (38.8%)

Control (n = 125)

42/90 (46.7%)
1535 (42.9%)

23159 (39%)
34166 (51.5%)

I6/98 (36.7%)
21127 (77.8%)

26158 (44 .8%)
/20 (30%)
25147 (53.2%)

3IB/BA (45,2%)
10141 (46.3%)

23146 (50%)
19148 (38.8%)

14140 (35%)
2855 (50.5%)

2457 (42.1%)
33068 (48.5%)

26161 (42.6%)
31/64 (48 .4%)

23158 (39.7%)
32161 (52.5%)

22/56 (39.3%)
35/69 (50.7%)

11130 (36.7%)
46/95 (48.4%)

10136 (27 B%)
47189 (52 8%)

23047 (48.9%)
34/78 (43 6%)

41/91 (45.1%)
16/34 (47 .1%)

30185 (35.3%)
27140 (67 5%)

40/89 (44.9%)
17136 (47 2%)

33(79 (41.8%)
24146 (52.2%)

nIgMmn In
RR

RR (CI95%
p-value: 0.80
79(0.535-1.13)
76 (0.41-1.39)
p-value: 0568
70 (0.42-1.19)
85 (0.58-1.23)
p-value: 0.621
82 (0.55-1.23)
71 (0.48-1.06)
p-value: 0.992
78 (0.48-1.25)
7T (0.29-2 05)
81 (0.52-1.26)
p-value: 0.735
81 (0.56-1.17)
72 (0.41-1.26)
p-value: 0.399
91 (0.60-1.38)
66 (0.35-1.24)
p-values: 0.625

93 (0.50-1.73)

77 (0.51-1.18)
p-value: 0051
04 {0.68-1.58)
56 (0.34-0.91)
p-value: 0,173
A7 (0.63-1.49)
64 (0.41-1.00)
alue: 0,233
0.34-1.08)
64-1.30)
0.1035
-0.90)
0.

0
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0.
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0.
0.
0.
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0.
0
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0
0
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1
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7 (0.41-1.85)
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0.39-1.08)
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7-1

0.
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39.
60-
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o
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5
4
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0.48-1.04)
p-va 0.552
1.07)
1
0.

f
g
55
a5
8
7
fid
7
64
88
83
58
&1
71
lue:
74
91

!
{
[
[
(
[
{
{
{
[

0.

0. 58)
p-value: 0.819
80 (0.53-1.21)
74 (0.47-1.17

1
0
0
0
0.
0.
0
0.
0
0.
0.
o
0.
0.
0
0.
0.
0
0.
0.
0.
0.
0.76 (0.35-1.07



1.0+

0.9+
= 08-
g 0.7- ECMO group
A 0.6~
-—
; 0.5 Control group
= =itH[X EH - y,
i 0.4- 950/0'{|:|$Eéﬁﬂﬁ . %‘E%(k)g-rank test)%_:%'féj(j/—
0.3+ . —
g . 0.47t01.04:P=0.0/ C#f1E (Cox-Hazard model) L C
. i A\ Y
0.14 P=0.07 by log-rank test J% %(371_ 7_ 37_
0'0 | | | | | 1
0 10 20 30 40 50 60
HRO0.70(95%CI;0.47-1.04, P=0.07)
Days
No. at Risk
ECMO 124 105 100 92 88 83 80
Control 125 0l 81 79 T4 72 69

Figure 2. Kaplan—Meier Survival Estimates in the Intention-to-Treat Popula-

tion during the First 60 Days of the Trial.




Table 3. Adverse Events as Defined by the Trial Protocol in the Intention-to-Treat Population.

ECMO Group
Event (N=124)

Control Group
(N=125)

number (percent)

Pneumothorax 18 (15) 16 (13)
Thrombocytopeniay
Any 50 (40) 40 (32)
Severe 33 (27) 20 (16)
Hypothermiaz 28 (23) 27 (22)

Absolute Risk Difference
(95% CI)*

percentage points
2 (-7 to 10)

8 (-4 to 20)
11 (0 to 21)
1(-9to11)

Bleeding
Leading to transfusion 57 (46) 35 (28) 18 (6 to 30)

Massivef 3(2) 1(1)
Cardiac rhythm disturbances 38 (31) 46 (37)
Cardiac arrest 24 (19) 22 (18)
Stroke 3(2) 8 (6)

Ischemic stroke 0 6 (5)

Hemorrhagic stroke 3(2) 5 (4)

Massive stroke 2(2) 1(1)
Ventilator-associated pneumonia treated 48 (39) 46 (37)

with antibiotic agents
Gas emboli 0 0

2(-2t06)
-6 (-18 to 6)

2 (-8to12)
-4 (-10to 1)
-5 (-10to -2)
-2 (-7 to3)

1(-3t05)

2 (-10to 14)

0(-3t03)
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« JET"220/35 57%
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ECMO Group Control Group Relative Risk or Difference

End Point (N =124) (N=125) (95% Cl)y
Primary end point: mortality at 60 days — no. (%) 44 (35) 57 (46) S to 1.04)
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Table S5. Post-Hoc Sensitivity Analysis of Treatment Failure at Day 60 Considering Different R P S F l

Survival Rates in Control Patients Crossed Over to ECMO

Survival Rate in ECMO Group Control Group Relative Risk
Control-Group Patients (N=124) (N =125) (95% CI)

Crossed Over to ECMO

0% — no. (%) 44 (35.5) 72 (57.6) 0.62 (0.47-0.82)

44 (35.5) 68 (54.4) 0.65 (0.50-0.87)

10% — no. (%)

44 (35.5) 65 (52.0) 0.68 (0.51-0.91)

20% —no. (%)

33% —mno. (%) 44 (35.5) 60 (48.0) 0.74 (0.55-0.99)
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