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•  I	
  have	
  nothing	
  to	
  disclose	
  other	
  than	
  I	
  like	
  the	
  challenge	
  to	
  
treat	
  ARDS	
  pa>ents	
  



Berlin	
  defini>on	
  of	
  ARDS	
  
•  Timing	
  :	
  Within	
  1	
  week	
  of	
  a	
  known	
  clinical	
  insult	
  or	
  new	
  or	
  worsening	
  

respiratory	
  symptoms.	
  
•  Chest	
  radiography	
  :	
  Bilateral	
  opaci>es	
  –	
  not	
  fully	
  explained	
  by	
  effusions,	
  

lobar/lung	
  collage,	
  or	
  nodules.	
  
•  Origin	
  of	
  edema	
  :	
  Respiratory	
  failure	
  not	
  fully	
  explained	
  by	
  cardiac	
  failure	
  

or	
  fluid	
  overload.	
  
•  Severity	
  :	
  Mild	
  :	
  PO2/	
  FiO2	
  200-­‐300	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Moderate	
  :	
  PO2/	
  FiO2	
  200-­‐100	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Severe	
  :	
  PO2/	
  FiO2	
  less	
  than	
  100	
  
With	
  PEEP	
  equal	
  or	
  more	
  than	
  5cm	
  H20	
  



Pathogenesis	
  of	
  ARDS	
  
•  Lung	
  s>ffness	
  :non	
  cradiogenic	
  pulmonary	
  edema.	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Surfactant	
  deple>on	
  and	
  resultant	
  atelectasis.	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  DAD	
  
•  All	
  these	
  processes	
  are	
  more	
  pronounced	
  in	
  the	
  dependent	
  areas	
  of	
  the	
  

lung	
  (	
  usually	
  dorsal	
  ).	
  	
  
•  ARDS	
  lungs	
  are	
  baby	
  lungs	
  ,	
  fragile	
  and	
  need	
  rest	
  (	
  protec>ve	
  mechanical	
  

ven>la>on	
  ).	
  
•  Mortality	
  in	
  ARDS	
  is	
  mainly	
  driven	
  by	
  VILI	
  ,	
  MOF	
  and	
  hypoxia.	
  	
  
•  Refractory	
  hypoxia	
  per	
  se	
  is	
  associated	
  with	
  poor	
  prognosis	
  in	
  ARDS	
  even	
  

though	
  it	
  accounts	
  for	
  10%	
  mortality.	
  



Proning	
  in	
  ARDS	
  
•  First	
  suggested	
  in	
  1974	
  for	
  pediatric	
  group.	
  
•  Studies	
  in	
  ARDS	
  started	
  in	
  late	
  1990s.	
  

	
  



Proning	
  
Pathophysiological	
  concept	
  

	
  	
  	
  

Gaenoni	
  et	
  al	
  AJRCCM	
  2013	
  



•  In	
  ARDS	
  lung	
  weight	
  increases	
  4-­‐5	
  >mes	
  compressing	
  
more	
  the	
  dorsal	
  part	
  and	
  poten>a>ng	
  the	
  abdominal	
  and	
  
heart	
  weight	
  eventually	
  aggrava>ng	
  the	
  compression	
  
atelectasis.	
  

•  Atelecte>c	
  lung	
  adds	
  to	
  lung	
  s>ffness	
  and	
  eventually	
  
ARDS.	
  	
  

•  Ventral	
  lung	
  gets	
  hyperinflated	
  in	
  supine	
  posi>on	
  
predisposing	
  to	
  barotrauma	
  and	
  volutrauma.	
  	
  

	
  	
  

Gaenoni	
  et	
  al	
  AJRCCM	
  2013	
  



Pathophysiologic	
  benefits	
  of	
  proning	
  

•  Chest	
  wall	
  compliance	
  decrease	
  ini>ally	
  eleva>ng	
  peak	
  and	
  
plateau	
  pressures	
  (	
  mechanical	
  restric>on).	
  	
  

•  Transpulmonary	
  pressure	
  and	
  so	
  stress	
  and	
  strain	
  is	
  more	
  
evenly	
  distributed	
  across	
  the	
  lung	
  zones	
  in	
  prone	
  posi>on.	
  

•  Gas-­‐to-­‐>ssue	
  ra>o	
  gets	
  more	
  uniform	
  and	
  eventually	
  dorsal	
  
lung	
  recruits	
  more	
  than	
  the	
  ventral	
  derecruitment	
  improving	
  
compliance.	
  

•  Other	
  benefits:	
  improved	
  lympha>c	
  drainage,	
  improved	
  
secre>on	
  drainage	
  by	
  the	
  reposi>oning	
  and	
  drop	
  in	
  FiO2	
  
requirement	
  ahenua>ng	
  oxygen	
  toxicity	
  and	
  surfactant	
  
deple>on.	
  	
  

Gaenoni	
  et	
  al	
  AJRCCM	
  2013	
  



Gases	
  in	
  prone	
  posi>on	
  
•  All	
  studies	
  showed	
  significant	
  improvement	
  in	
  oxygena>on	
  in	
  

prone	
  posi>on.	
  
•  This	
  effect	
  is	
  mainly	
  due	
  to	
  recruitment	
  of	
  the	
  dorsal	
  lung	
  

rather	
  than	
  redistribu>on	
  of	
  blood	
  flow	
  to	
  beher	
  aerated	
  
areas.	
  

•  Improved	
  CO2	
  clearance	
  in	
  prone	
  posi>on	
  isn't	
  necessarily	
  
related	
  to	
  improvement	
  of	
  oxygena>on.	
  

•  CO2	
  clearance	
  correlates	
  more	
  with	
  less	
  (	
  VILI	
  in	
  ventral	
  lung	
  )	
  
and	
  recruitment	
  of	
  dorsal	
  lung	
  improving	
  lung	
  compliance,	
  
eventually	
  minute	
  ven>la>on	
  ,	
  so	
  reflec>ng	
  improvement	
  of	
  
prognosis.	
  

Gaenoni	
  et	
  al	
  AJRCCM	
  2013	
  



Contraindica>ons	
  	
  
•  Mainly	
  adopted	
  from	
  studies	
  :	
  facial	
  trauma	
  or	
  spinal	
  

instability	
  ,pelvic	
  fractures	
  ,	
  increased	
  intracranial	
  pressure,	
  
anterior	
  chest	
  tubes	
  with	
  air	
  leak	
  ?	
  ,	
  ?	
  Hemodynamic	
  
instability,	
  life	
  threatening	
  dysrythmias	
  ,	
  massive	
  hemoptysis	
  ,	
  
chronic	
  hypoxemic	
  respiratory	
  failure,	
  ?	
  DVT,	
  ?inhaled	
  nitric	
  
oxide	
  and	
  pregnancy.	
  

•  ?	
  ECMO	
  



Complica>ons	
  	
  
•  Accidental	
  extuba>on	
  ,	
  tube	
  obstruc>on	
  ,	
  line	
  displacement	
  ,	
  

feeding	
  issues	
  ,	
  hemodynamic	
  instability	
  ,	
  bed	
  sores.	
  



How	
  to	
  prone	
  	
  
•  Manual	
  or	
  mechanical.	
  
•  Manual	
  :	
  easy	
  to	
  apply	
  ,	
  the	
  most	
  experienced	
  person	
  takes	
  

care	
  of	
  the	
  ETT	
  and	
  CVC,	
  pa>ent	
  pulled	
  to	
  the	
  edge	
  and	
  rolled	
  
as	
  a	
  block	
  by	
  the	
  team	
  with	
  the	
  arm	
  of	
  the	
  side	
  to	
  turn	
  to	
  
below	
  the	
  hip.	
  

•  Pillows	
  applied	
  below	
  face	
  ,	
  shoulders	
  and	
  hip.	
  
•  Face	
  turned	
  toward	
  the	
  ven>lator.	
  
•  Mechanical	
  bed	
  rota>on	
  offers	
  less	
  labor,	
  shorter	
  dura>on	
  to	
  

turn	
  and	
  ease	
  of	
  turning	
  back	
  in	
  case	
  of	
  arrest	
  to	
  do	
  CPR.	
  
•  Issues	
  :	
  facial	
  edema	
  and	
  family	
  concern,	
  	
  nutri>on,	
  bed	
  sores.	
  

Hudack	
  ,	
  the	
  nurse	
  prac>>oner	
  2013	
  



When	
  to	
  stop	
  proning	
  
•  PO2	
  more	
  than	
  150	
  with	
  FiO2	
  less	
  than	
  60%	
  and	
  PEEP	
  less	
  

than	
  10	
  in	
  supine	
  session	
  aler	
  4	
  hours	
  of	
  the	
  last	
  prone	
  
session.	
  

•  Interrup>on	
  of	
  Proning	
  :	
  drop	
  in	
  PO2/FiO2	
  ra>o	
  of	
  more	
  than	
  
20%	
  compared	
  to	
  supine	
  ,	
  mechanical	
  complica>on	
  ,	
  O2	
  sat	
  
less	
  than	
  85%	
  ,	
  bradycardia	
  ,	
  hemodynamic	
  instability.	
  



Clinical	
  evidence	
  for	
  proning	
  
•  Earlier	
  metanalysis	
  by	
  Abroug	
  in	
  2008	
  didn’t	
  show	
  significant	
  

survival	
  benefit	
  ,	
  	
  while	
  showed	
  significant	
  improvement	
  of	
  
oxygena>on	
  ,	
  marginal	
  benefit	
  concerning	
  VAP	
  while	
  ICU	
  
lenght	
  of	
  stay	
  was	
  marginally	
  increased	
  with	
  proning.	
  

•  Studies	
  included	
  pa>ens	
  with	
  mainly	
  mild	
  disease,	
  proned	
  for	
  
short	
  dura>on	
  and	
  didn’t	
  use	
  lung	
  protec>ve	
  ven>la>on	
  
strategy.	
  

Abroug	
  et	
  al	
  intensive	
  care	
  medicine	
  2008	
  



that included patients with variable disease severity -
that is, all ALI or hypoxemic patients (OR = 1.05; 95%
CI = 0.82 to 1.34; P = 0.7; I2 = 0%) - while it signifi-
cantly reduced the ICU mortality rate in the four most
recent studies (n = 540 patients) that included only
patients with ARDS (OR = 0.71; 95% CI = 0.5 to 0.99;
P = 0.048; number needed to treat = 11; I2 = 0%). The z
test of interaction was not significant (z = 1.87; P =
0.06), indicating that a heterogeneity of treatment effects
between both subgroups was not certain. Funnel plot
inspection did not suggest publication bias, and Begg’s

rank correlation test was not statistically significant
(P = 0.23).
The result of a meta-regression that assessed the rela-

tionship between prone duration and effect size in
included studies is presented in Figure 4. There was
only a nonsignificant trend to explain effect size varia-
tion by actual prone duration (z = -1.88; P = 0.06).

Adverse events
All included RCTs reported data regarding airway com-
plications related to prone positioning. The prone

Table 1 Characteristics of the included studies
Trial Disease PaO2/

FiO2
ratio

SAPS
II

Population Prone
(n)

Supine
(n)

Actual
prone
duration/
day
(hours)

Crossover
allowed

Protective
lung
ventilation

Jadad
score

Gattinoni_2001 [1] ALI/ARDS (6%/94%) 127 40 304 152 152 7 Yes No 3

Guerin_2004 [2] ALI/ARDS (21%/31%) and
other causes of ARF
(pneumonia; acute on chronic
ARF; CPE, coma)

153 46 791 413 378 8 Yes No 3

Voggenreiter_2005
[3]

ALI/ARDS (45%/55%) (trauma) 222 NA 40 21 19 11 No Yes 3

Mancebo_2006
[16]

ARDS 145 41 136 76 60 17 Yes Yes 3

Chan_2007 [21] ARDS 109 NA 22 11 11 24 No Yes 1

Fernandez_2008
[17]

ARDS 120 38 40 21 19 20 Yes Yes 3

Taccone_2009 [10] ARDS 113 40 342 168 174 18 Yes Yes 3

Total/mean 141 ±
39

1,675 862 813 15 ± 6

ALI, acute lung injury; ARDS, acute respiratory distress syndrome; ARF, acute respiratory failure; CPE, cardiogenic pulmonary oedema; SAPS II, Simplified Acute
Physiology Score II.

Figure 2 Cumulative meta-analysis of prone ventilation on intensive care unit mortality. The first row shows the effect based on one
study, the second row shows the cumulative effects based on two studies, and so on. CI, confidence interval.

Abroug et al. Critical Care 2011, 15:R6
http://ccforum.com/content/15/1/R6
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that included patients with variable disease severity -
that is, all ALI or hypoxemic patients (OR = 1.05; 95%
CI = 0.82 to 1.34; P = 0.7; I2 = 0%) - while it signifi-
cantly reduced the ICU mortality rate in the four most
recent studies (n = 540 patients) that included only
patients with ARDS (OR = 0.71; 95% CI = 0.5 to 0.99;
P = 0.048; number needed to treat = 11; I2 = 0%). The z
test of interaction was not significant (z = 1.87; P =
0.06), indicating that a heterogeneity of treatment effects
between both subgroups was not certain. Funnel plot
inspection did not suggest publication bias, and Begg’s

rank correlation test was not statistically significant
(P = 0.23).
The result of a meta-regression that assessed the rela-

tionship between prone duration and effect size in
included studies is presented in Figure 4. There was
only a nonsignificant trend to explain effect size varia-
tion by actual prone duration (z = -1.88; P = 0.06).

Adverse events
All included RCTs reported data regarding airway com-
plications related to prone positioning. The prone

Table 1 Characteristics of the included studies
Trial Disease PaO2/

FiO2
ratio

SAPS
II

Population Prone
(n)

Supine
(n)

Actual
prone
duration/
day
(hours)

Crossover
allowed

Protective
lung
ventilation

Jadad
score

Gattinoni_2001 [1] ALI/ARDS (6%/94%) 127 40 304 152 152 7 Yes No 3

Guerin_2004 [2] ALI/ARDS (21%/31%) and
other causes of ARF
(pneumonia; acute on chronic
ARF; CPE, coma)

153 46 791 413 378 8 Yes No 3

Voggenreiter_2005
[3]

ALI/ARDS (45%/55%) (trauma) 222 NA 40 21 19 11 No Yes 3

Mancebo_2006
[16]

ARDS 145 41 136 76 60 17 Yes Yes 3

Chan_2007 [21] ARDS 109 NA 22 11 11 24 No Yes 1

Fernandez_2008
[17]

ARDS 120 38 40 21 19 20 Yes Yes 3

Taccone_2009 [10] ARDS 113 40 342 168 174 18 Yes Yes 3

Total/mean 141 ±
39

1,675 862 813 15 ± 6

ALI, acute lung injury; ARDS, acute respiratory distress syndrome; ARF, acute respiratory failure; CPE, cardiogenic pulmonary oedema; SAPS II, Simplified Acute
Physiology Score II.

Figure 2 Cumulative meta-analysis of prone ventilation on intensive care unit mortality. The first row shows the effect based on one
study, the second row shows the cumulative effects based on two studies, and so on. CI, confidence interval.
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  nonsignificant	
  drop	
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  mortality	
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positioning was associated with a nonsignificant increase
in the incidence of accidental extubation, selective intu-
bation, or tracheal tube displacement (OR = 1.16; 95%
CI = 0.75 to 1.78; P = 0.5) (Figure 5). The heterogeneity
among trials was not significant (I2 = 15%, P = 0.31).

Discussion
The current meta-analysis shows that global analysis of
RCTs assessing ventilation in the prone position in ALI/
ARDS patients does not show a significant benefit on
ICU mortality. The subgroup analysis stratified on the
type of included patients in primary studies, however,
disclosed a statistically significant reduction in mortality
in the studies that restricted inclusion to only patients
with ARDS, and not in those also enrolling patients with
less disease severity. The comparison of the mean effect
size between subgroups was close to significance (P =
0.06), however, which does not allow one to ensure that
the effects of proning were significantly different between
subgroups. Another confounder may also be the daily
duration of ventilation in the prone position (P = 0.06).
Prone positioning was not associated with an increase in
major airway complications. The current study-level
meta-analysis confirms and reinforces recent findings of
individual patient data meta-analyses made by Sud and
colleagues and Gattinoni and colleagues [11,12].
In many meta-analyses, the inclusion criteria are so

broad that a certain amount of diversity among studies

is inevitable. A study-level meta-analysis should antici-
pate this diversity and interpret the findings according
to the results dispersion across the primary studies. We
therefore applied the random-effects model, and com-
puted a summary effect in subgroups of studies enrol-
ling patients of variable lung injury severity, yielding
important information on the peculiar effects of prone
ventilation in the most severe patients.
A way to fully account for the ecological bias inherent

to diversity of designs in primary studies is the perfor-
mance of a meta-analysis using individual patient data
[13]. Indeed, previous inferences on prone ventilation
benefits for the most severe hypoxemic patients were
recently confirmed by the meta-analyses from Sud and
colleagues and from Gattinoni and colleagues showing
reduced mortality rate in patients with PaO2/FiO2 ratio
<100 mmHg [11,12]. This threshold was considered pro-
spectively only in the study by Taccone and colleagues
[10], however, while separation on this threshold basis
was mostly retrospective for the other trials. Owing to
increased risks of untoward effects, the authors recom-
mended considering prone ventilation only in the most
severe hypoxemia (despite a significant benefit up to
PaO2/FiO2 ratio = 140 mmHg).
Our study used a different meta-analysis approach and

stratified subgroups of studies according to the disease
severity of included patients, rather than performing a
subgroup analysis of included patients. This study

Figure 3 Effects of prone ventilation on intensive care unit mortality. Point estimates (by random-effects model) are reported separately for
the groups of studies that included both acute lung injury (ALI) and acute respiratory distress syndrome patients (ARDS), those that included
only ARDS patients, and the pooled overall effects of all meta-analysis-included patients. CI, confidence interval.

Abroug et al. Critical Care 2011, 15:R6
http://ccforum.com/content/15/1/R6

Page 5 of 9



Figure 4 Meta-regression analysis of effects of prone duration (actually applied in included studies) on mortality. Log odds ratio plotted
according to prone duration with the summary fixed-effects meta-regression (z = -1.88; P = 0.06). Each study is represented by a circle
proportional to its weight in the meta-analysis reflecting the greatest impact on the slope of the regression line.

Figure 5 Incidence of major airway complications. CI, confidence interval.

Abroug et al. Critical Care 2011, 15:R6
http://ccforum.com/content/15/1/R6
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Adverse	
  events	
  
•  Non	
  significant	
  increase	
  in	
  accidental	
  extuba>on	
  in	
  prone	
  

group.	
  



•  Sud	
  et	
  al	
  2014	
  conducted	
  a	
  systema>c	
  review	
  analyzing	
  
pa>ents	
  with	
  ARDS	
  according	
  to	
  the	
  recent	
  defini>on.	
  

•  Analyzed	
  studies	
  based	
  on	
  use	
  of	
  lung	
  protec>ve	
  ven>la>on	
  
strategy.	
  



Effect on mortality
The 6 RCTs that mandated protective lung venti-
lation were included in the primary analy-
sis.14,17,34,35,37,38 They all had a low risk of bias except
one trial35 (n = 22), which had a high risk of bias
because allocation was not concealed. Mortality
was reduced with the use of prone positioning
(RR 0.74, 95% CI 0.59–0.95; I2 = 29%) compared
with use of the supine position alone (Figure 2).
Using a random-effects risk-difference model, we
estimated that the number needed to treat to save
1 life was 11 (95% CI 6–50). Our findings
remained unchanged in several sensitivity analy-
ses that tested alternative assumptions (Table 3).
Conversely, there was no effect of prone position-
ing on mortality in the 4 trials that permitted
higher tidal volumes than currently recommended
(RR 0.98, 95% CI 0.86–1.12; I2 = 0%), which dif-
fered when compared with trials using protective
lung ventilation (interaction p = 0.05).

A priori subgroup analyses are summarized in
Figure 3. All-cause mortality was reduced when
the daily duration of prone positioning was pro-
longed (RR 0.77, 95% CI 0.64–0.92; I2 = 21%)
but not when the daily duration was shorter.
Only 1 of the 6 trials with a prolonged duration
did not use protective lung ventilation.36 Prone

positioning reduced all-cause mortality among
patients with severe hypoxemia at baseline
(RR 0.76, 95% CI 0.61–0.94; I2 = 0%). In the
subgroups of patients with mild and moderate
hypoxemia, prone positioning did not signifi-
cantly reduce mortality, and statistical hetero-
geneity increased in the group with moderate
hypoxemia (I2 = 42%). The test for interaction
was significant for the analyses according to use
of protective lung ventilation and daily duration
of prone positioning, but not for the analysis
according to degree of hypoxemia. 

Effect on secondary outcomes
Improvements in oxygenation were greater in the
prone group than in the supine group, with
PaO2/FIO2 ratios increasing by 25%–36% during
the first 3 days after randomization (Table 4).
Moderate heterogeneity was detected for the
analysis of PaO2/FIO2 ratio on day 1 (I2 = 49%)
and day 2 (I2 = 27%), but not on day 3 (I2 = 0%).

The risk of pressure ulcers, obstruction of the
endotracheal tube and dislodgement of the thora-
costomy tube was higher among patients placed
in the prone position than among those in the
supine group. There was no difference in other
adverse events between the 2 groups (Table 4).

Research

E386 CMAJ, July 8, 2014, 186(10)

Study

Protective lung 
ventilation mandated
Curley et al.,37 2005

Voggenreiter et al.,38 2005

Chan et al.,35 2007

Fernandez et al.,34 2008

Taccone et al.,14 2009

Guerin et al.,17 2013

Subtotal
Heterogeneity: I² = 29%

Protective lung 
ventilation not mandated
Gattinoni et al.,15* 2001

Beuret et al.,39 2002

Guerin et al.,16 2004

Mancebo et al.,36 2006

Subtotal
Heterogeneity: I² = 0%

Overall
Heterogeneity: I² = 42%

Deaths, n/N
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4/51

3/19
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0.72 (0.36–1.45)

0.90 (0.73–1.11)

0.58 (0.44–0.77)

0.74 (0.59–0.95)

1.06 (0.88–1.28)

2.40 (0.13–44.41)
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0.98 (0.86–1.12)

0.86 (0.73–1.00)

Prone Supine RR (95% CI)

RR (95% CI)
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Figure 2: Effect of prone positioning during mechanical ventilation on all-cause mortality among patients
with acute respiratory distress syndrome in trials that used protective lung ventilation (tidal volume
< 8 mL/kg) and in trials that did not mandate protective ventilation. Risk ratios less than 1.0 indicate a
decreased risk of death with prone positioning. *Mortality data differed from the original publication after
verification by the primary investigator. The test for subgroup interaction is statistically significant 
(p = 0.05). CI = confidence interval, RR = risk ratio.



Interpretation

Our analysis of high-quality evidence showed
that prone positioning during mechanical venti-
lation reduces mortality among patients with
ARDS receiving protective lung ventilation. The
quality of evidence was high, and the number
needed to treat to save one life was 11 (95% CI
6–50). Our findings complement those of a
recent positive RCT17 and showed consistency of
effect across previous RCTs and in the sensitiv-
ity analyses.

Most RCTs of prone positioning during
mechanical ventilation in patients with ARDS
failed on their own to show statistically significant
reductions in mortality despite improvements in
oxygenation.15,16,36,39 Previous systematic reviews
were similarly unable to show reductions in mor-
tality,41−43 although some suggested a mortality
benefit among sicker patients.13,42 Limitations of
earlier trials, including use of injurious tidal vol-
umes (> 8 mL/kg of predicted body weight),
enrolment of patients with mild ARDS,15,16,35,37−39 and
inadequate duration of prone positioning,15,16,38,39

Research

CMAJ, July 8, 2014, 186(10) E387

Table 3: Results of primary and sensitivity analyses for the effect of prone positioning during 
mechanical ventilation on mortality among patients with acute respiratory distress syndrome (ARDS) 

Analysis* 
No. of 
trials 

No. of 
deaths, n/N 

Risk ratio 
(95% CI) 

I2 value, 
% 

Primary     

Trials mandating protective ventilation†   6 363/1016 0.74 (0.59–0.95) 29 

Sensitivity     

Included all trials‡ 10 797/1869 0.86 (0.73–1.00) 42 

Assumed patients lost to follow-up lived   6 363/1020 0.74 (0.59–0.95) 28 

Assumed patients lost to follow-up died   6 366/1020 0.74 (0.59–0.94) 26 

Excluded trial in which allocation was not 
concealed35 

  5 352/994 0.73 (0.55–0.98) 43 

Excluded trial with pediatric population37   5 355/914 0.73 (0.56–0.96) 42 

Included trial that used moderate tidal 
volume (< 10 mL/kg)36 

  7 438/1152 0.77 (0.65–0.91) 16 

Fixed-effects model   6 363/1016 0.74 (0.63–0.87) 29 

Note: CI = confidence interval. 
*Random-effects models were used for all analyses except in the final sensitivity analysis. 
†Tidal volume < 8 mL/kg of predicted or actual body weight. 
‡For the 2 trials that enrolled some patients without ARDS,16,39 we included only patients whose condition met the authors’ 
definition of ARDS; when the analysis was redone to include all patients in these trials, the risk ratio changed minimally (0.87, 
95% CI 0.74–1.02; I2 = 48%). 
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Figure 3: Effect of prone positioning during mechanical ventilation on all-cause mortality according to prespecified patient-level and
trial-level subgroups. Risk ratios less than 1.0 indicate a decreased risk of death with prone positioning. *Severe hypoxemia = ratio of
partial pressure of arterial oxygen to fraction of inspired oxygen (PaO2/FIO2) < 100 mm Hg; moderate = PaO2/FIO2 ratio 100–199 mm Hg;
mild = PaO2/FIO2 ratio 200–299 mm Hg. CI = 95% confidence interval, RR = risk ratio. Baseline PaO2/FIO2 ratios were unavailable for 10
patients in 3 trials.17,34,35
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may have reduced the “signal” and increased
“noise.” A recent RCT found a large reduction in
mortality among patients with moderate to
severe ARDS who were placed in the prone posi-
tion for 16 hours per day and had protective lung
ventilation.17 In our systematic review, we simi-
larly reduced “noise” by limiting the primary
analysis to trials mandating low tidal volumes
and enrolling patients with moderate to severe
ARDS; most trials also used long daily durations
of prone positioning, which may have enhanced
the “signal.”

Our finding that prone positioning decreased
mortality and improved oxygenation is consistent
with results of prior observational and experi-
mental studies,9,30,44 which showed that prone ven-
tilation improves recruitment of collapsed alveoli.
Use of the prone position reduced mortality in the
subgroup of patients who had severe hypoxemia
at baseline (PaO2/FIO2 ratio < 100 mm Hg), with
minimal statistical heterogeneity, a finding that is
consistent with our previous systematic review.13

However, we found no evidence that the prone
position had a differential effect according to
severity of hypoxemia, acknowledging the lim-
ited number of patients with mild to moderate
hypoxemia. Future trials may help to clarify the
effects of prone positioning in patients with mild
to moderate ARDS.

Prone positioning during mechanical ventilation
is not without risks. Our study showed that patients
in the prone group were at increased risk of pres-
sure ulcers, obstruction of the endotracheal tube
and dislodgement of the thoracostomy tube.
Although there was no significant difference in the
occurrence of other complications between the
prone and supine groups, these ad verse events may
occur more frequently in centres with less experi-
enced personnel who use prone positioning infre-
quently. Furthermore, the perceived risk of prone
positioning and the impact on other aspects of criti-
cal care such as enteral feeding and sedation45−47

may prevent implementation of this manoeuvre in
centres that do not frequently care for patients with
severe ARDS. The increased risk of certain adverse
outcomes underscores the need to have protocols
for using prone positioning and to have adequate
training and, when these are not available, to con-
sider referring patients to centres with expertise.
Future research is needed to address whether refer-
ring patients with severe ARDS early to experi-
enced centres for prone positioning or other adjunc-
tive therapies improves their outcomes.48,49

Limitations
Although we found high-quality evidence using
rigorous methodology, our systematic review has
limitations. Several trials were terminated early
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Table 4: Physiologic, clinical and safety outcomes associated with prone positioning during mechanical 
ventilation 

Outcome 
No. of patients 

or events 
Measure  

of effect* 
I2 value, 

% 

Oxygenation (PaO2/FIO2 ratio)† No. of patients Ratio of means (95% CI)  

Day 1 1283 1.36 (1.25–1.47) 49 

Day 2 1171 1.29 (1.21–1.37) 27 

Day 3   933 1.25 (1.18–1.31)   0 

Clinical and safety outcomes No. of events, n/N Risk ratio (95% CI)  

Ventilator-associated pneumonia 368/1561 0.89 (0.71–1.13)   0 

Pressure ulcers 818/1765 1.27 (1.16–1.40)   0 

Obstruction of endotracheal tube 200/1847 1.60 (1.27–2.02)   0 

Unplanned extubation or 
dislodgement of endotracheal tube‡ 

211/2309 1.08 (0.78–1.48) 16 

Unplanned removal of central or 
arterial lines 

59/886 1.49 (0.42–5.27) 67 

Dislodgement of thoracostomy tube 17/886 3.14 (1.02–9.69)   0 

Pneumothorax 95/1663 0.84 (0.57–1.25)   0 

Cardiac arrest 211/1527 0.73 (0.39–1.38) 76 

Note: CI = confidence interval, PaO2/FIO2 ratio = ratio of partial pressure of arterial oxygen to fraction of inspired oxygen. 
*Random-effects models were used for all analyses.  
†We measured effect on oxygenation by comparing the mean PaO2/FIO2 ratio in the prone group to the closest available 
recorded measurement in the supine group. If more than one measurement was taken, we chose the measurement closest to 
the end of the session of prone positioning on that day. 
‡One trial14 included all dislodgements of endotracheal tubes, not just unplanned extubations. When we excluded the results of 
this trial from the meta-analysis, the risk ratio for unplanned extubation was 0.86 (95% CI 0.62–1.20; I2 = 0%; 9 trials, 1471 
patients, 129 events). 



Conclusion	
  	
  
•  Proning	
  improves	
  outcome	
  if	
  applied	
  concurrently	
  with	
  lung	
  

protec>ve	
  strategy	
  ,enough	
  dura>on	
  (	
  more	
  than	
  16	
  hours/day	
  )	
  
and	
  in	
  moderate	
  to	
  severe	
  hypoxemia	
  ,	
  ?	
  all	
  spectrum	
  of	
  the	
  
disease	
  severity.	
  

•  Adverse	
  effects	
  as	
  endotracheal	
  tube	
  dislodgment	
  or	
  obstruc>on,	
  
pressure	
  ulcer	
  and	
  others	
  are	
  more	
  common	
  with	
  Proning,	
  therefor	
  
it	
  is	
  advised	
  to	
  refer	
  these	
  pa>ents	
  to	
  centers	
  specialized	
  with	
  
prone	
  ven>la>on	
  and	
  to	
  create	
  protocols	
  for	
  Proning	
  with	
  emphasis	
  
on	
  nursing	
  care	
  items.	
  

•  Data	
  is	
  s>ll	
  not	
  definite	
  concerning	
  op>mal	
  dura>on	
  of	
  sessions	
  but	
  
at	
  least	
  it	
  should	
  be	
  more	
  than	
  16	
  hours	
  per	
  day.	
  	
  

•  Larger	
  study	
  including	
  different	
  disease	
  severity	
  is	
  s>ll	
  needed.	
  



Why	
  don’t	
  we	
  give	
  full	
  rest	
  for	
  
the	
  lungs	
  	
  



ECMO	
  
•  1968	
  Kolobow	
  invented	
  the	
  first	
  prolonged	
  ECMO,	
  in	
  1972	
  it	
  

was	
  used	
  successfully	
  for	
  first	
  >me	
  for	
  respiratory	
  failure	
  (	
  75	
  
hours	
  )	
  in	
  polytrauma	
  pa>ent.	
  Hill	
  et	
  al	
  Mt	
  Saini	
  Med	
  J	
  1973	
  

•  First	
  RCT	
  by	
  NIH	
  published	
  in	
  JAMA	
  1979	
  (	
  90	
  pa>ents	
  
heterogeneous	
  group	
  of	
  respiratory	
  failure	
  ,	
  had	
  	
  high	
  
mortality	
  rate	
  in	
  both	
  arms)	
  

•  Since	
  2006	
  it	
  became	
  more	
  popular	
  especially	
  with	
  H1N1	
  
pandemic	
  and	
  technological	
  advances.	
  

•  ECMO	
  has	
  been	
  subject	
  to	
  technical	
  advances	
  including	
  more	
  
biocompa>ble	
  membranes	
  ,	
  heparin	
  coated	
  circuits	
  and	
  
beher	
  cannulas.	
  





•  Usually	
  if	
  there	
  is	
  no	
  lel	
  ventricular	
  dysfunc>on	
  venovenous	
  
ECMO	
  is	
  used	
  (	
  less	
  hypoxia	
  to	
  the	
  heart	
  and	
  brain	
  )	
  rather	
  
than	
  venoarterial.	
  

•  Different	
  ways	
  to	
  drain	
  blood	
  and	
  return	
  it	
  to	
  the	
  pa>ents.	
  
•  The	
  key	
  point	
  to	
  avoid	
  recircula>on	
  and	
  improve	
  efficiency	
  of	
  

the	
  oxygena>on	
  	
  is	
  draining	
  from	
  the	
  vena	
  cava	
  and	
  return	
  
blood	
  to	
  the	
  right	
  atrium.	
  

•  Target	
  is	
  to	
  keep	
  PO2	
  in	
  the	
  arterial	
  blood	
  more	
  than	
  55mm	
  
Hg	
  or	
  O2	
  sat	
  more	
  than	
  88%.	
  



Ven>lator	
  seengs	
  
(Ultraprotec>ve	
  mechanical	
  ven>la>on)	
  	
  

•  High	
  PEEP	
  ,	
  more	
  than	
  10	
  to	
  keep	
  lung	
  recruited.	
  
•  As	
  much	
  as	
  low	
  FiO2	
  to	
  keep	
  arterial	
  O2	
  sat	
  about	
  85%.	
  
•  Ultralow	
  >dal	
  volume	
  (	
  give	
  lung	
  rest	
  )	
  ,	
  targe>ng	
  plateau	
  	
  less	
  

than	
  25	
  ideally	
  (	
  >dal	
  volume	
  less	
  than	
  50ml	
  had	
  been	
  used	
  )	
  
•  Benefit	
  from	
  ECMO	
  not	
  only	
  by	
  trea>ng	
  hypoxia	
  ,improving	
  

perfusion	
  and	
  clearing	
  hypercapnia,	
  probably	
  most	
  important	
  
benefit	
  is	
  by	
  giving	
  lung	
  rest	
  avoiding	
  VILI	
  with	
  its	
  systemic	
  
dras>c	
  effects.	
  



Clinical	
  evidence	
  	
  
CESAR	
  trial	
  
lancet	
  2009	
  	
  

•  90	
  pa>ents	
  in	
  each	
  arm	
  .	
  
•  Almost	
  60%	
  in	
  each	
  group	
  had	
  pneumonia	
  as	
  a	
  cause	
  of	
  ARDS.	
  
•  Pa>ents	
  were	
  referred	
  to	
  a	
  ter>ary	
  center	
  specialized	
  in	
  

ECMO.	
  
•  68	
  pa>ents	
  actually	
  received	
  ECMO	
  out	
  of	
  the	
  90	
  allocated	
  to	
  

this	
  arm	
  while	
  22	
  improved	
  with	
  lung	
  protec>ve	
  ven>la>on.	
  
•  Primary	
  endpoint	
  was	
  death	
  or	
  severe	
  disability	
  aler	
  6	
  

months.	
  	
  
•  63%	
  had	
  the	
  primary	
  endpoint	
  in	
  ECMO	
  arm	
  versus	
  47%	
  in	
  

control	
  group	
  (rela>ve	
  risk	
  0·∙69;	
  95%	
  CI	
  0·∙05–0·∙97	
  )	
  	
  
•  ?	
  Primary	
  end	
  point	
  (	
  Survival	
  without	
  disability	
  at	
  end	
  of	
  6	
  

months	
  )	
  was	
  mainly	
  driven	
  by	
  disability	
  rather	
  than	
  survival.	
  

Peek	
  et	
  ala,	
  the	
  lancet	
  2009	
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The intensivist in the originating hospital contacted the 
advisory team at Glenfi eld Hospital to confi rm eligibility 
and bed availability. The intensivist then discussed the 
trial with at least one of the patient’s relatives, supplied 
written information to them, and asked them to provide 
informed assent on behalf of the patient. The adviser 
then telephoned the independent central randomisation 
service. Patients were randomly allocated by minimisa-
tion in a 1:1 ratio to conventional management by 
intermittent positive-pressure ventilation or high-
frequency oscillatory ventilation, or both, or con sideration 
for treatment by ECMO. Minimisation factors were type 
of centre; age; hours of high-pressure or high FiO2 
ventilation; presence of hypoxia or hypercarbia; diagnostic 
group; and number of organs failed. We did not stratify 
patients according to pulmonary and extra pulmonary 
acute respiratory distress syndrome because our previous 
experience of treating patients with ECMO indicated that 
this stratifi cation did not have an eff ect on outcome, 
whereas the other minimisation criteria did aff ect 
outcome.11 Masking of treating physicians, patients, or 
any other medical staff  was not possible at this stage of 
treatment. An emergency inclusion protocol allowed 
entry from hospitals not registered with the study.13

Patients randomly allocated to receive conventional 
management were given the best critical care practice  
available in their conventional treatment centre. As a 
pragmatic trial, a specifi c management protocol was not 
mandated, but treatment centres were advised to follow 
a low-volume low-pressure ventilation strategy—ie, tidal 
volume of 4–8 mL/kg bodyweight,19 and pressure plateau 
of less than 30 cm H2O. Patients could not cross over to 
receive ECMO.

Patients randomly allocated to consideration for 
treatment by ECMO were transferred to Glenfi eld 
Hospital. If patients were haemodynamically stable, a 
standard acute respiratory distress syndrome treatment 
protocol was used, which comprised pressure-restricted 
mechanical ventilation at 30 cm H2O, positive end-
expiratory pressure titrated to optimum SaO2, FiO2 
titrated to maintain SaO2 at more than 90%, diuresis to 
dry weight, target packed cell volume of 40%, prone 
positioning, and full nutrition. If the patient did not 
respond to this protocol within 12 h (FiO2>90% needed to 
maintain SaO2>90%, respiratory or metabolic acidosis 
<7·2) or was haemodynamically unstable, they received 
cannulation and ECMO. Management on ECMO 
(including rest ventilator settings) was according to 
published institutional protocols.11,13 All ECMO was done 
in the venovenous mode with percutaneous cannulation. 
Servo-controlled roller pumps (Stockert, Freiburg, 
Germany) and poly-methyl pentene oxygenators (Medos 
Medizintechink, Stolberg, Germany) were used. 
Ventilation was in pressure control mode with Siemens 
Servo 300 ventilators (Solma, Sweden); lung rest settings 
were peak inspiratory pressure 20–25, positive end-
expiratory pressure 10–15, rate 10, and FiO2 0·3. ECMO 
was continued until lung recovery, or until apparently 
irreversible multiorgan failure.

All inward transport was provided by the ECMO team, 
including transfer of patients from referral hospitals to 
conventional treatment centres. If the team decided that it 
was not safe to move the patient then they remained in the 
original unit until considered safe to transfer, recovered, or 
died. Patients were not transported while on ECMO.

Basic information was collected for all patients who 
were screened and considered for the trial. For patients 
who were enrolled and randomly allocated to treatment, 
we gathered data about demographic indicators; 
diagnoses that focused on the cause of acute respiratory 
distress syndrome; dates of hospitalisation, intubation, 
extubation, and discharge from intensive care and 
hospital; condition at discharge; major complications; 
and cause of death. Physiological data obtained at 
randomisation were ventilator settings, blood gases, 
haemodynamic status, and variables of the APACHE II 
score.20 Murray lung injury score and ratio of PaO2 to 
FiO2 were calculated. After randomisation, we collected 
data from patients on conventional management 
about time course of treat ment, complications, other 
methods of respiratory treatment (eg, nitric oxide, 

ECMO group 
(n=90)*

Conventional 
management group 
(n=90)

Relative risk 
(95% CI, p value)

Death or severe disability at 6 months NA NA 0·69 (0·05–0·97, 0·03)†

No 57 (63%) 41 (47%)‡ NA

Yes 33 (37%) 46 (53%)‡ NA

No information about severe disability 0 3 (3%)§ NA

Died at ≤6 months or before discharge NA NA 0·73 (0·52–1·03, 0·07)

No 57 (63%) 45 (50%) NA

Yes 33 (37%) 45 (45%) NA

Severe disability

No 57 (63%) 41 (46%) NA

Yes 0 1 (1%) NA

Cause of death

Respiratory failure 8 (9%) 24 (27%) NA

Multiorgan failure 14 (16%) 15 (17%) NA

Neurological disorder 4 (4%) 2 (2%) NA

Cardiovascular disorder 1 (1%) 3 (3%) NA

Related to ECMO 1 (1%) 0 NA

Other 1 (1%) 0 NA

Unknown 4 (4%) 1 (1%) NA

Time between randomisation and death 
(days)

15 (3–41) 5 (2–14) NA

Data are number (%) or median (IQR), unless otherwise indicated. ECMO=extracorporeal membrane oxygenation. 
NA=not applicable. *Patients were randomly allocated to consideration for treatment by ECMO, but did not necessarily 
receive this treatment. †Based on 177 patients with known primary outcome. Assuming that the three patients in the 
conventional management group who had no information about disability had all been severely disabled, or had not 
been severely disabled, relative risk of the primary outcome would be 0·67 (95% CI 0·48–0·94, p=0·017), and 0·72 
(0·51–1·01, p=0·051), respectively. ‡Percentage calculated with denominator of 87 patients to exclude those with no 
information about severe disability. §Patients had been discharged from hospital 1–3 months after randomisation, and 
were known to be alive at 6 months. 

Table 3: Death and severe disability



Flaws	
  	
  
•  External	
  validity:	
  (	
  almost	
  300	
  excluded	
  due	
  to	
  unavailability	
  of	
  beds	
  for	
  

ECMO)	
  
•  selec>on	
  bias:	
  referring	
  physician	
  refusal	
  to	
  enroll,	
  ?	
  Reversible	
  ARDS	
  	
  
•  High	
  rate	
  of	
  lost	
  follow	
  up	
  in	
  control	
  arm.	
  
•  Calcula>on	
  of	
  sample	
  size	
  issues	
  (	
  an>cipated	
  mortality	
  of	
  70%	
  in	
  control	
  

group)	
  
•  No	
  standardiza>on	
  for	
  mechanical	
  ven>la>on	
  in	
  control	
  group.	
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  of	
  17%	
  

patients had died. HRQL and psychosocial questionnaires
were administered to 67 (80 %) of the 6-month survivors
(Fig. 1). Among these 67 patients, 7 were retired, 3 were
unemployed and 57 were working full-time before their
critical illness. At follow-up, 41/57 (72 %) of the latter
had returned to work (35/57 [52 %] to their previous
work) and most reported normal functions (Table E1 [see
ESM]).

SF-36 assessment of HRQL is reported in Fig. 3.
Compared with age- and sex-matched controls, our
responding ARDS survivors had significantly lower
(p \ 0.001) SF-36 physical domain scores. Their psy-
chological domain scores were comparable with those of
the general population, with the exception of their role-
emotional component, which was lower (p \ 0.001).
Their SF-36 physical aggregate scores were also signifi-
cantly lower (p \ 0.001), while their mental aggregate
scores were comparable. Patients with longer follow-up
([503 days) had significantly improved role-physical

(p = 0.001) and role-emotional (p = 0.049) domain
scores (Table E4 [see ESM]). Patients whose ECMO
support lasted longer tended to have lower bodily pain
domain and aggregate physical scores (Table E5 [see
ESM]).

During follow-up questioning, 24 (36 %) patients
reported persistent dyspnea. In addition, 20 (30 %)
patients were still taking pulmonary medications (long-
acting b2-agonists for 16 patients, inhaled corticosteroids
for 7, home oxygen therapy for 1 and nocturnal MV for
3). The SGRQ scores indicated that patients with longer
ECMO support had more pulmonary symptoms (Table E5
[see ESM]).

Twenty-three (34 %), 17 (25 %) and 11 (16 %) of the
respondents (Fig. 4), respectively, exhibited significant
anxiety and depression symptoms or were at risk for
PTSD. HAD and IES scores did not differ significantly for
patients with longer versus shorter follow-up or those who
had longer ECMO support (Tables E4 and E5 [see ESM]).

Table 2 Ventilation characteristics at the time of ECMO initiation according to survival status

Characteristic Status at 6 months post-ICU p-Value

All patients
(n = 140)

Alive
(n = 84)

Dead
(n = 56)

Ventilation parameters
PaO2/FiO2 53 (43–60) 53 (42–58) 54 (45–69) 0.15
FiO2 100 (100–100) 100 (100–100) 100 (100–100) 0.76
PEEP, cm H2O 10 (8–12) 10 (9–12) 8 (8–10) 0.001
Tidal volume, mL/kg 5.9 (5.2–6.7) 5.9 (5.1–6.6) 5.9 (5.2–6.8) 0.99
Respiratory rate, /min 30 (26–30) 30 (26–30) 30 (25–32) 0.42
Plateau pressure, cm H2O 32 (30–35) 32 (30–35) 34 (31–35) 0.009
Driving pressure, cm H2O 22 (19–27) 21 (18–24) 24 (22–28) 0.0006
Compliance, mL/cm H2O 18 (14–21) 19 (15–21) 16 (12–20) 0.04

Pre-ECMO blood gases
pH 7.22 (7.15–7.32) 7.23 (7.16–7.32) 7.22 (7.14–7.30) 0.30
PaO2, mmHg 53 (44–58) 52 (42–55) 53 (45–68) 0.11
PaCO2, mmHg 63 (51–77) 60 (50–70) 70 (53–80) 0.02
HCO3

-, mmol/L 27 (23–32) 26 (23–30) 27 (23–34) 0.19
SaO2 (%) 80 (74–85) 80 (74–85) 80 (73–88) 0.18
Arterial lactate, mmol/L 2.2 (1.5–3.4) 2.3 (1.8–3.8) 2.1 (1.2–3.1) 0.10
Quadrants with infiltrate, n 4 (4–4) 4 (4–4) 4 (4–4) 1

Rescue therapy
Any 131 (94) 81 (96) 50 (89) 0.11
Prone positioning 82 (59) 52 (62) 30 (54) 0.32
Nitric oxide 127 (91) 77 (92) 50 (89) 0.63
Almitrine 11 (8) 9 (11) 2 (4) 0.12
HFOV 1 (1) 0 1 (2) –

Pre-ECMO steroids 35 (25) 14 (17) 21 (38) 0.006
Vasopressors 98 (70) 61 (73) 37 (66) 0.40
Pre-ECMO pneumothorax 5 (4) 2 (2) 3 (5) 0.35
Mobile ECMO team 95 (68) 63 (75) 32 (57) 0.03
Interval (days)

Hospital–ICU admission 0 (0–1) 0 (0–1) 0.5 (0–3) 0.08
Hospital admission–ECMO 7 (3–14) 5 (2–11) 13 (7–27) \0.0001
ICU admission–ECMO 6 (2–13) 4 (1–9) 9 (4–17) \0.0001
MV–ECMO 5 (1–11) 3 (1–9) 7 (3–15) 0.0008

Values are expressed as median (interquartile range) or n (%)
ECMO extracorporeal membrane oxygenation, HFOV high-frequency oscillation ventilation, ICU intensive care unit, MV mechanical
ventilation, PEEP positive end-expiratory pressure
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PaO2, mmHg 53 (44–58) 52 (42–55) 53 (45–68) 0.11
PaCO2, mmHg 63 (51–77) 60 (50–70) 70 (53–80) 0.02
HCO3

-, mmol/L 27 (23–32) 26 (23–30) 27 (23–34) 0.19
SaO2 (%) 80 (74–85) 80 (74–85) 80 (73–88) 0.18
Arterial lactate, mmol/L 2.2 (1.5–3.4) 2.3 (1.8–3.8) 2.1 (1.2–3.1) 0.10
Quadrants with infiltrate, n 4 (4–4) 4 (4–4) 4 (4–4) 1

Rescue therapy
Any 131 (94) 81 (96) 50 (89) 0.11
Prone positioning 82 (59) 52 (62) 30 (54) 0.32
Nitric oxide 127 (91) 77 (92) 50 (89) 0.63
Almitrine 11 (8) 9 (11) 2 (4) 0.12
HFOV 1 (1) 0 1 (2) –

Pre-ECMO steroids 35 (25) 14 (17) 21 (38) 0.006
Vasopressors 98 (70) 61 (73) 37 (66) 0.40
Pre-ECMO pneumothorax 5 (4) 2 (2) 3 (5) 0.35
Mobile ECMO team 95 (68) 63 (75) 32 (57) 0.03
Interval (days)

Hospital–ICU admission 0 (0–1) 0 (0–1) 0.5 (0–3) 0.08
Hospital admission–ECMO 7 (3–14) 5 (2–11) 13 (7–27) \0.0001
ICU admission–ECMO 6 (2–13) 4 (1–9) 9 (4–17) \0.0001
MV–ECMO 5 (1–11) 3 (1–9) 7 (3–15) 0.0008

Values are expressed as median (interquartile range) or n (%)
ECMO extracorporeal membrane oxygenation, HFOV high-frequency oscillation ventilation, ICU intensive care unit, MV mechanical
ventilation, PEEP positive end-expiratory pressure
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Intensive care unit and 6-month outcomes

Complications during ECMO are listed in Table E1 (see
ESM). Bleeding events occurred in 46 % of patients.
Respectively, 74 and 16 % of patients developed venti-
lator-associated pneumonia and cannula infection. Renal
replacement therapy was required by 56 % of patients and
63 % were tracheostomized. Ninety (64 %) patients sur-
vived to ICU discharge. In-ICU deaths were attributed to
multiple organ failure for 28, septic shock for 18, hem-
orrhagic shock for 6, intracranial bleeding for 4 and brain-
hypoxia sequelae for 4. Respective median durations of
ECMO and MV support were 15 (8–30) and 40 (23–68)
days, and median hospital length of stay was 65 (39–111)
days.

Six patients died 61 (20–76) days after ICU discharge
(two had left the hospital before dying). Six months after
ICU discharge, 84 (60 %) patients were still alive. The 36
patients with A(H1N1)-associated ARDS had the lowest
reported mortality to date (17 %). Multivariable analysis
(Table E2 [see ESM]; Table 3) retained older age,
immunocompromised status, higher simplified acute
physiology score (SAPS II) [calculated excluding the age
component], higher pre-ECMO Pplat, lower pre-ECMO
PEEP, absence of pre-ECMO prone positioning and the
number of days on MV before ECMO as factors

independently associated with death by 6 months while
higher body mass index (BMI) was associated with lower
mortality (see ESM for details). The PRESERVE score
developed after transforming continuous into categorical
variables (Table E3 [see ESM]) is displayed in Table 4.
Cumulative probabilities of survival by 6 months fol-
lowing ECMO initiation were 97, 79, 54 and only 16 %
for PRESERVE score classes 0–2 (n = 34), 3–4
(n = 38), 5–6 (n = 26) and C7 (n = 38), respectively
(Fig. 2). ROC curve analysis of the performance of this
scoring system (Figure E1) is shown in the ESM. The area
under the curve was 0.89 (95 % CI 0.83–0.94).

Interestingly, patients retrieved by our mobile ECMO
teams had lower unadjusted mortality than patients who
received ECMO inhouse (34 vs. 53 %, p = 0.027,
respectively). However, retrieved patients had signifi-
cantly less comorbidities and suffered A(H1N1) infection
more frequently (33 vs. 13 %, p = 0.016). After adjusting
for other confounders, this variable was not associated
with death at 6 months (Table 3).

Long-term outcomes

Long-term evaluation was conducted a median of 17
(11–28) months after ICU discharge, when three more

Table 1 Clinical characteristics of ECMO-treated ARDS patients according to survival status 6 months post-ICU discharge

Characteristic All patients
(n = 140)

Status at 6 months post-ICU p-Value

Alive
(n = 84)

Dead
(n = 56)

Age, years 44 (30–56) 37 (28–47) 53 (44–60) 0.0001
Men 86 (61) 46 (55) 40 (71) 0.04
Body mass index, kg/m2 27 (24–32) 29 (24–36) 26 (24–31) 0.04
Charlson score 1 (0–2) 1 (0–2) 2 (1–3) 0.0001
McCabe and Jackson score C2 23 (16) 6 (7) 17 (30) 0.0004
SAPS II 59 (49–71) 57 (47–68) 64 (55–74) 0.04
SOFA score 12 (10–15) 12 (10–15) 13 (11–15) 0.13
Chronic lung disease 21 (15) 11 (13) 10 (18) 0.59
Pregnant or postpartum 7 (5) 7 (8) 0 0.02
Diabetes mellitus 14 (10) 5 (6) 9 (16) 0.05
Renal insufficiency 9 (6) 6 (7) 3 (5) 0.67
Immunocompromiseda 43 (31) 14 (17) 29 (52) \0.0001
Hematological malignancies 13 (9) 3 (4) 10 (18)
Solid tumor 10 (7) 2 (2) 8 (14)
Solid organ transplantation 8 (6) 4 (5) 4 (7)
High-dose or long-term CS/IS 8 (6) 3 (4) 5 (9)
Human immunodeficiency virus 4 (3) 2 (2) 2 (4)
ARDS etiology 0.01
Peri-/post-operative 24 (17) 13 (15) 11 (20)
2009 A(H1N1) influenza 36 (26) 30 (36) 6 (11)
Bacterial infection 63 (45) 34 (40) 29 (52)
Others 17 (12) 7 (8) 10 (18)

Values are expressed as median (interquartile range) or n (%)
ARDS acute respiratory disease syndrome, CS/IS corticosteroids or
immunosuppressants, ECMO extracorporeal membrane oxygena-
tion, ICU intensive care unit, SAPS simplified acute physiology
score, SOFA sepsis-related organ failure assessment

a Immunocompromised status included hematological malignan-
cies, solid tumors, solid-organ transplantation, high-dose or long-
term corticosteroid and/or immunosuppressant use, or human
immunodeficiency virus infection
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Respectively, 74 and 16 % of patients developed venti-
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replacement therapy was required by 56 % of patients and
63 % were tracheostomized. Ninety (64 %) patients sur-
vived to ICU discharge. In-ICU deaths were attributed to
multiple organ failure for 28, septic shock for 18, hem-
orrhagic shock for 6, intracranial bleeding for 4 and brain-
hypoxia sequelae for 4. Respective median durations of
ECMO and MV support were 15 (8–30) and 40 (23–68)
days, and median hospital length of stay was 65 (39–111)
days.
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(two had left the hospital before dying). Six months after
ICU discharge, 84 (60 %) patients were still alive. The 36
patients with A(H1N1)-associated ARDS had the lowest
reported mortality to date (17 %). Multivariable analysis
(Table E2 [see ESM]; Table 3) retained older age,
immunocompromised status, higher simplified acute
physiology score (SAPS II) [calculated excluding the age
component], higher pre-ECMO Pplat, lower pre-ECMO
PEEP, absence of pre-ECMO prone positioning and the
number of days on MV before ECMO as factors

independently associated with death by 6 months while
higher body mass index (BMI) was associated with lower
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developed after transforming continuous into categorical
variables (Table E3 [see ESM]) is displayed in Table 4.
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(Fig. 2). ROC curve analysis of the performance of this
scoring system (Figure E1) is shown in the ESM. The area
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Interestingly, patients retrieved by our mobile ECMO
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received ECMO inhouse (34 vs. 53 %, p = 0.027,
respectively). However, retrieved patients had signifi-
cantly less comorbidities and suffered A(H1N1) infection
more frequently (33 vs. 13 %, p = 0.016). After adjusting
for other confounders, this variable was not associated
with death at 6 months (Table 3).
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Long-term evaluation was conducted a median of 17
(11–28) months after ICU discharge, when three more

Table 1 Clinical characteristics of ECMO-treated ARDS patients according to survival status 6 months post-ICU discharge

Characteristic All patients
(n = 140)

Status at 6 months post-ICU p-Value

Alive
(n = 84)

Dead
(n = 56)

Age, years 44 (30–56) 37 (28–47) 53 (44–60) 0.0001
Men 86 (61) 46 (55) 40 (71) 0.04
Body mass index, kg/m2 27 (24–32) 29 (24–36) 26 (24–31) 0.04
Charlson score 1 (0–2) 1 (0–2) 2 (1–3) 0.0001
McCabe and Jackson score C2 23 (16) 6 (7) 17 (30) 0.0004
SAPS II 59 (49–71) 57 (47–68) 64 (55–74) 0.04
SOFA score 12 (10–15) 12 (10–15) 13 (11–15) 0.13
Chronic lung disease 21 (15) 11 (13) 10 (18) 0.59
Pregnant or postpartum 7 (5) 7 (8) 0 0.02
Diabetes mellitus 14 (10) 5 (6) 9 (16) 0.05
Renal insufficiency 9 (6) 6 (7) 3 (5) 0.67
Immunocompromiseda 43 (31) 14 (17) 29 (52) \0.0001
Hematological malignancies 13 (9) 3 (4) 10 (18)
Solid tumor 10 (7) 2 (2) 8 (14)
Solid organ transplantation 8 (6) 4 (5) 4 (7)
High-dose or long-term CS/IS 8 (6) 3 (4) 5 (9)
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term corticosteroid and/or immunosuppressant use, or human
immunodeficiency virus infection
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patients had died. HRQL and psychosocial questionnaires
were administered to 67 (80 %) of the 6-month survivors
(Fig. 1). Among these 67 patients, 7 were retired, 3 were
unemployed and 57 were working full-time before their
critical illness. At follow-up, 41/57 (72 %) of the latter
had returned to work (35/57 [52 %] to their previous
work) and most reported normal functions (Table E1 [see
ESM]).

SF-36 assessment of HRQL is reported in Fig. 3.
Compared with age- and sex-matched controls, our
responding ARDS survivors had significantly lower
(p \ 0.001) SF-36 physical domain scores. Their psy-
chological domain scores were comparable with those of
the general population, with the exception of their role-
emotional component, which was lower (p \ 0.001).
Their SF-36 physical aggregate scores were also signifi-
cantly lower (p \ 0.001), while their mental aggregate
scores were comparable. Patients with longer follow-up
([503 days) had significantly improved role-physical

(p = 0.001) and role-emotional (p = 0.049) domain
scores (Table E4 [see ESM]). Patients whose ECMO
support lasted longer tended to have lower bodily pain
domain and aggregate physical scores (Table E5 [see
ESM]).

During follow-up questioning, 24 (36 %) patients
reported persistent dyspnea. In addition, 20 (30 %)
patients were still taking pulmonary medications (long-
acting b2-agonists for 16 patients, inhaled corticosteroids
for 7, home oxygen therapy for 1 and nocturnal MV for
3). The SGRQ scores indicated that patients with longer
ECMO support had more pulmonary symptoms (Table E5
[see ESM]).

Twenty-three (34 %), 17 (25 %) and 11 (16 %) of the
respondents (Fig. 4), respectively, exhibited significant
anxiety and depression symptoms or were at risk for
PTSD. HAD and IES scores did not differ significantly for
patients with longer versus shorter follow-up or those who
had longer ECMO support (Tables E4 and E5 [see ESM]).

Table 2 Ventilation characteristics at the time of ECMO initiation according to survival status

Characteristic Status at 6 months post-ICU p-Value

All patients
(n = 140)

Alive
(n = 84)

Dead
(n = 56)

Ventilation parameters
PaO2/FiO2 53 (43–60) 53 (42–58) 54 (45–69) 0.15
FiO2 100 (100–100) 100 (100–100) 100 (100–100) 0.76
PEEP, cm H2O 10 (8–12) 10 (9–12) 8 (8–10) 0.001
Tidal volume, mL/kg 5.9 (5.2–6.7) 5.9 (5.1–6.6) 5.9 (5.2–6.8) 0.99
Respiratory rate, /min 30 (26–30) 30 (26–30) 30 (25–32) 0.42
Plateau pressure, cm H2O 32 (30–35) 32 (30–35) 34 (31–35) 0.009
Driving pressure, cm H2O 22 (19–27) 21 (18–24) 24 (22–28) 0.0006
Compliance, mL/cm H2O 18 (14–21) 19 (15–21) 16 (12–20) 0.04

Pre-ECMO blood gases
pH 7.22 (7.15–7.32) 7.23 (7.16–7.32) 7.22 (7.14–7.30) 0.30
PaO2, mmHg 53 (44–58) 52 (42–55) 53 (45–68) 0.11
PaCO2, mmHg 63 (51–77) 60 (50–70) 70 (53–80) 0.02
HCO3

-, mmol/L 27 (23–32) 26 (23–30) 27 (23–34) 0.19
SaO2 (%) 80 (74–85) 80 (74–85) 80 (73–88) 0.18
Arterial lactate, mmol/L 2.2 (1.5–3.4) 2.3 (1.8–3.8) 2.1 (1.2–3.1) 0.10
Quadrants with infiltrate, n 4 (4–4) 4 (4–4) 4 (4–4) 1

Rescue therapy
Any 131 (94) 81 (96) 50 (89) 0.11
Prone positioning 82 (59) 52 (62) 30 (54) 0.32
Nitric oxide 127 (91) 77 (92) 50 (89) 0.63
Almitrine 11 (8) 9 (11) 2 (4) 0.12
HFOV 1 (1) 0 1 (2) –

Pre-ECMO steroids 35 (25) 14 (17) 21 (38) 0.006
Vasopressors 98 (70) 61 (73) 37 (66) 0.40
Pre-ECMO pneumothorax 5 (4) 2 (2) 3 (5) 0.35
Mobile ECMO team 95 (68) 63 (75) 32 (57) 0.03
Interval (days)

Hospital–ICU admission 0 (0–1) 0 (0–1) 0.5 (0–3) 0.08
Hospital admission–ECMO 7 (3–14) 5 (2–11) 13 (7–27) \0.0001
ICU admission–ECMO 6 (2–13) 4 (1–9) 9 (4–17) \0.0001
MV–ECMO 5 (1–11) 3 (1–9) 7 (3–15) 0.0008

Values are expressed as median (interquartile range) or n (%)
ECMO extracorporeal membrane oxygenation, HFOV high-frequency oscillation ventilation, ICU intensive care unit, MV mechanical
ventilation, PEEP positive end-expiratory pressure
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Discussion

To our knowledge, this is the largest (n = 140), compre-
hensive, multicenter, follow-up study on ECMO-treated
severe ARDS patients. Despite very severe disease at
ECMO initiation, the 40 % 6-month mortality we
observed for this series is lower than the 50 % hospital

mortality rate recently reported in the Oscillation in ARDS
(OSCAR) trial (where mean PaO2/FiO2 was 113 mmHg at
randomization) [42]. It is also lower than those reported in
previous series of ECMO-treated ARDS patients [15, 43,
44], and comparable with that of the ECMO arm of the
CESAR trial [9], in which initial PaO2/FiO2 was higher
(76 vs. 53 mmHg). Interestingly, A(H1N1)-induced ARDS
patients included in this study had the lowest mortality rate
(17 %) reported to date [12–14, 45].

The first objective of this study was to identify pre-
ECMO outcome predictors to help ICU physicians select,
for ECMO support, very severe ARDS patients with
reasonable chance of survival. The PRESERVE scoring
system we propose herein, which combines eight simple
variables easily available at the time of ECMO decision,
identified four subgroups of patients with significantly
different probabilities of survival (Fig. 3). Age, immu-
nocompromised status, and pre-ECMO Pplat [30 cm
H2O and PEEP\10 cm H2O (despite optimization of MV
settings according to the recommendations based on the
ARDSnet studies [18]) had the highest impact on the
outcomes of our patients. As opposed to previous studies
[15], pre-ECMO PaO2/FiO2 was not associated with
survival after adjusting for the latter parameters, sug-
gesting that alterations in lung mechanics are more
important prognostic factors than severity of hypoxemia.
Furthermore, because a recent study indicated major
survival improvement with early prone positioning of
ARDS patients [40], we forced this parameter into our
multivariable model and observed that it was indepen-
dently associated with lower mortality. Interestingly,
prone-positioned patients had significantly higher PEEP
and lower Pplat and driving pressures before ECMO (data
not shown). While prone placement did not prevent
refractory hypoxemia leading to ECMO in nearly two-
thirds of our severe ARDS patients (the highest rate in the
ECMO series reported to date), it might have protected
their lungs from further MV-induced lung injuries and
ultimately resulted in better long-term survival. Our study
also confirmed that pre-ECMO MV for more than 1 week
was associated with lower survival [15, 16]. In severely
hypoxemic patients with profound alteration in lung
mechanics and not, or only partially, responding to prone
placement, ECMO might therefore be discussed very
early in the course of the disease. Notably, BMI [30 kg/
m2 was associated with better outcomes, independently of
pre-ECMO Pplat and PEEP. Although it has frequently
been reported that obese patients have better ICU out-
comes than normal-weight patients [46], this observation
might suggest that Pplat might not be a valid surrogate of
transpulmonary pressure in obese patients and, therefore,
might not necessarily mean more severe respiratory fail-
ure, because their chest wall elastance is higher than
normal reference values.

HRQL evaluated after a median follow-up of
17 months for 80 % of the 6-month ICU survivors was

Table 3 Factors available at ECMO institution independently
associated with death by 6 months post-ICU discharge

Factor OR (95 % CI) p-Value

Age 1.08 (1.04–1.12) \0.001
Body mass index 0.90 (0.84–0.97) 0.004
Immunocompromiseda 4.33 (1.55–12.12) 0.005
SAPS IIb 1.04 (1.00–1.08) 0.028
Days of MV 1.07 (1.01–1.14) 0.015
No prone positioning before ECMO 2.93 (1.04–8.25) 0.043
PEEP, cm H2O 0.84 (0.71–0.99) 0.039
Plateau pressure, cm H2O 1.18 (1.05–1.32) 0.006

CI confidence interval, ECMO extracorporeal membrane oxygen-
ation, ICU intensive care unit, MV mechanical ventilation, OR odds
ratio, PEEP positive end-expiratory pressure, SAPS II simplified
acute physiology score
a Immunocompromised status included hematological malignan-
cies, solid tumors, solid organ transplantation, high-dose or long-
term corticosteroid and/or immunosuppressant use, or human
immunodeficiency virus infection
b Age was not included in SAPS II calculation for multivariable
analysis

Table 4 The PRESERVE score calculated with parameters avail-
able at the time of decision to initiate ECMO

Parameter Score

Age (years)
\45 0
45–55 2
[55 3

Body mass index [30 -2
Immunocompromised 2
SOFA [12a 1
MV [6 days 1
No prone positioning before ECMO 1
PEEP \ 10 cm H2O 2
Plateau pressure [30 cm H2O 2
Total scorec 0–14

ECMO extracorporeal membrane oxygenation, ICU intensive care
unit, MV mechanical ventilation, PEEP positive end-expiratory
pressure, PRESERVE PRedicting dEath for SEvere ARDS on VV-
ECMO, SAPS II simplified acute physiology score, SOFA sepsis-
related organ failure assessment
a Immunocompromised status included hematological malignan-
cies, solid tumors, solid organ transplantation, high-dose or long-
term corticosteroid and/or immunosuppressant use, or human
immunodeficiency virus infection
b SOFA score was preferred over SAPS II (excluding the age
component) for simpler use of the score at the bedside
c Higher score indicates higher probability of death by 6 months
post-ICU discharge; PRESERVE scores -1 and -2 converted to 0
for simplification
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still impaired compared with that of sex- and age-matched
controls, especially concerning SF-36 physical health and
vitality domains, while social functioning and mental
health were considered satisfactory. Although differences
in case-mixes make comparisons between series difficult,
we observed that our patients’ SF-36 scores were better
(Fig. 3) than those of eighty 1-year ARDS survivors
evaluated by Herridge et al. [4], or a pooled estimated SF-
36 score based on five ARDS-survivor cohorts [33]. In
agreement with Herridge et al. [4, 5], we also found that

physical and emotional domains improved with longer
follow-up. Data on long-term HRQL of ECMO-treated
ARDS patients are scarce. Although the 57 ECMO-arm
survivors included in the CESAR trial [9] and 15 ECMO-
treated A(H1N1)-induced ARDS patients from the French
réseaux européen de recherche en ventilation artificielle
(REVA) cohort [21] had SF-36 scores comparable with
those of our patients (Fig. 3), a recent study on 15 Aus-
tralian ARDS survivors [19] reported lower social
function, vitality and general health-domain scores.

Fig. 2 Kaplan–Meier estimates
of cumulative probabilities of
survival for patients with pre-
ECMO PRESERVE score
classes 0–3 (n = 34), 4–6
(n = 38), 7–9 (n = 31) and
10–15 (n = 32). The p-value
was calculated by means of the
log-rank test. ECMO
extracorporeal membrane
oxygenation, PRESERVE
PRedicting dEath for SEvere
ARDS on VV-ECMO

Fig. 3 Comparison of median SF-
36 scores of 67 of our ARDS
survivors treated by ECMO after a
median follow-up of 17 months
after intensive care unit discharge
and their 67 age- and sex-matched
control subjects [27], and 80
conventionally treated ARDS
survivors at 1-year of follow-up
[4], 57 ECMO-arm ARDS patients
included in the conventional
ventilation or ECMO for severe
adult respiratory failure (CESAR)
trial [9], 15 ECMO-treated
Australian patients with refractory
hypoxemia [19] and a pooled
estimated score of five follow-up
studies on ARDS survivors [33].
Higher scores denote better
health-related quality of life.
ARDS acute respiratory distress
syndrome, BP body pain, ECMO
extracorporeal membrane
oxygenation, GH general health,
MH mental health, PF physical
functioning, RE role-emotional,
RP role-physical, SF social
functioning, SF-36 Short Form-
36, VT vitality
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Intensive care unit and 6-month outcomes

Complications during ECMO are listed in Table E1 (see
ESM). Bleeding events occurred in 46 % of patients.
Respectively, 74 and 16 % of patients developed venti-
lator-associated pneumonia and cannula infection. Renal
replacement therapy was required by 56 % of patients and
63 % were tracheostomized. Ninety (64 %) patients sur-
vived to ICU discharge. In-ICU deaths were attributed to
multiple organ failure for 28, septic shock for 18, hem-
orrhagic shock for 6, intracranial bleeding for 4 and brain-
hypoxia sequelae for 4. Respective median durations of
ECMO and MV support were 15 (8–30) and 40 (23–68)
days, and median hospital length of stay was 65 (39–111)
days.

Six patients died 61 (20–76) days after ICU discharge
(two had left the hospital before dying). Six months after
ICU discharge, 84 (60 %) patients were still alive. The 36
patients with A(H1N1)-associated ARDS had the lowest
reported mortality to date (17 %). Multivariable analysis
(Table E2 [see ESM]; Table 3) retained older age,
immunocompromised status, higher simplified acute
physiology score (SAPS II) [calculated excluding the age
component], higher pre-ECMO Pplat, lower pre-ECMO
PEEP, absence of pre-ECMO prone positioning and the
number of days on MV before ECMO as factors

independently associated with death by 6 months while
higher body mass index (BMI) was associated with lower
mortality (see ESM for details). The PRESERVE score
developed after transforming continuous into categorical
variables (Table E3 [see ESM]) is displayed in Table 4.
Cumulative probabilities of survival by 6 months fol-
lowing ECMO initiation were 97, 79, 54 and only 16 %
for PRESERVE score classes 0–2 (n = 34), 3–4
(n = 38), 5–6 (n = 26) and C7 (n = 38), respectively
(Fig. 2). ROC curve analysis of the performance of this
scoring system (Figure E1) is shown in the ESM. The area
under the curve was 0.89 (95 % CI 0.83–0.94).

Interestingly, patients retrieved by our mobile ECMO
teams had lower unadjusted mortality than patients who
received ECMO inhouse (34 vs. 53 %, p = 0.027,
respectively). However, retrieved patients had signifi-
cantly less comorbidities and suffered A(H1N1) infection
more frequently (33 vs. 13 %, p = 0.016). After adjusting
for other confounders, this variable was not associated
with death at 6 months (Table 3).

Long-term outcomes

Long-term evaluation was conducted a median of 17
(11–28) months after ICU discharge, when three more

Table 1 Clinical characteristics of ECMO-treated ARDS patients according to survival status 6 months post-ICU discharge

Characteristic All patients
(n = 140)

Status at 6 months post-ICU p-Value

Alive
(n = 84)

Dead
(n = 56)

Age, years 44 (30–56) 37 (28–47) 53 (44–60) 0.0001
Men 86 (61) 46 (55) 40 (71) 0.04
Body mass index, kg/m2 27 (24–32) 29 (24–36) 26 (24–31) 0.04
Charlson score 1 (0–2) 1 (0–2) 2 (1–3) 0.0001
McCabe and Jackson score C2 23 (16) 6 (7) 17 (30) 0.0004
SAPS II 59 (49–71) 57 (47–68) 64 (55–74) 0.04
SOFA score 12 (10–15) 12 (10–15) 13 (11–15) 0.13
Chronic lung disease 21 (15) 11 (13) 10 (18) 0.59
Pregnant or postpartum 7 (5) 7 (8) 0 0.02
Diabetes mellitus 14 (10) 5 (6) 9 (16) 0.05
Renal insufficiency 9 (6) 6 (7) 3 (5) 0.67
Immunocompromiseda 43 (31) 14 (17) 29 (52) \0.0001
Hematological malignancies 13 (9) 3 (4) 10 (18)
Solid tumor 10 (7) 2 (2) 8 (14)
Solid organ transplantation 8 (6) 4 (5) 4 (7)
High-dose or long-term CS/IS 8 (6) 3 (4) 5 (9)
Human immunodeficiency virus 4 (3) 2 (2) 2 (4)
ARDS etiology 0.01
Peri-/post-operative 24 (17) 13 (15) 11 (20)
2009 A(H1N1) influenza 36 (26) 30 (36) 6 (11)
Bacterial infection 63 (45) 34 (40) 29 (52)
Others 17 (12) 7 (8) 10 (18)

Values are expressed as median (interquartile range) or n (%)
ARDS acute respiratory disease syndrome, CS/IS corticosteroids or
immunosuppressants, ECMO extracorporeal membrane oxygena-
tion, ICU intensive care unit, SAPS simplified acute physiology
score, SOFA sepsis-related organ failure assessment

a Immunocompromised status included hematological malignan-
cies, solid tumors, solid-organ transplantation, high-dose or long-
term corticosteroid and/or immunosuppressant use, or human
immunodeficiency virus infection
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Table 1 Patients characteristics, respiratory parameters and vital signs before ECMO initiation: comparison between surviving and nonsurviving patients

Variable Total (n = 60) Alive (n = 41) Dead (n = 19) p

Patient characteristics
Age, years 39.7 ± 12 38 ± 12.9 43.3 ± 9 0.02
Gender (male) 36 (60) 26 (63.4) 10 (52.6) 0.6
Height (cm) 168.9 ± 14.7 169.2 ± 17.3 168.3 ± 6.3 0.8
BMI (kg/m2) 30.5 ± 8.8 30.7 ± 9.6 30.2 ± 6.9 0.8
BSA (m2) 2 ± 0.4 2 ± 0.4 2 ± 0.3 0.6
PBW, kg 62.1 ± 11.8 62.7 ± 13.3 60.7 ± 7.4 0.5
Weight (kg) 88.3 ± 28.8 89.5 ± 32.2 85.79 ± 20.3 0.5
H1N1 diagnosis 49 (81.7) 35 (85.4) 14 (73.7) 0.1
PreECMO hospital stay (days) 4.4 ± 6.5 2.6 ± 2.5 8.3 ± 10 0.006
Hospital stay (days) 40.5 ± 23.9 43.8 ± 21.1 33.6 ± 28.3 0.3
ICU stay (days) 28 ± 21.2 27.1 ± 17.4 30 ± 28.4 0.6
MV (h) 26.9 ± 20.5 25.1 ± 16.2 30.8 ± 27.7 0.19
Transport on ELS 28 (46.7) 21 (51.2) 7 (36.8) 0.2
COPD 7 (11.7) 4 (9.8) 3 (15.8) 0.5
Heart disease 1 (1.7) 1 (2.4) 0 (0) 0.9
Smoke 8 (13.3) 7 (17.1) 1 (5.3) 0.2
Diabetes 5 (8.3) 5 (12.2) 0 (0) 0.2
Pregnancy 4 (6.7) 4 (9.8) 0 (0) 0.3
Neoplasia 1 (1.7) 1 (2.4) 0 (0) 0.9
Psychopathology or alcoholic patient 6 (10) 5 (12.2) 1 (5.3) 0.4

Clinical parameters and vital signs
Rescue therapy 42 (70) 29 (70.7) 13 (68.4) 0.8
Recruitment maneuvers 41 (68.3) 28 (68.3) 13 (68.4) 0.9
Nitric oxide 10 (16.7) 7 (17.1) 3 (15.8) 0.9
Pronation 16 (26.7) 12 (29.3) 4 (21.1) 0.6
Pulmonary vasodilator 5 (8.5) 2 (4.9) 3 (16.7) 0.2

Vasoactive amines 20 (33.3) 7 (17.1) 13 (68.4) \0.001
BIPAP 9 (15) 7 (17.1) 2 (10.5) 0.3
HFOV 4 (6.8) 2 (4.9) 2 (11.1) 0.4
Vasoactive and inotropic drugs 37 (64.9) 25 (65.8) 12 (63.2) 0.5
CPAP-PSV 3 (5) 3 (7.3) 0 (0) 0.5
SIMV 2 (3.3) 2 (4.8) 0 (0) 0.9
SOFA score 7.8 ± 2.2 7 ± 2.2 9.32 ± 3.16 \0.001
Bilirubin (mg/dl) 1.2 ± 1.2 0.9 ± 0.6 1.7 ± 1.9 0.02
Cardiac index (l/min/m2) 3.7 ± 1.6 3.9 ± 1.9 3.3 ± 1.1 0.1
Cardiac output (l/min) 7.3 ± 3.1 7.7 ± 3.2 6.6 ± 2.8 0.2
Creatinine (mg/dl) 1.1 ± 1.1 0.9 ± 0.5 1.5 ± 1.9 \0.001
Hematocrit (%) 33.4 ± 5.6 34.9 ± 4.7 30.1 ± 6.8 0.01
Heart rate (bpm) 104 ± 21 102.8 ± 21.7 106.6 ± 19.7 0.3
Respiratory rate (bpm) 26.9 ± 8.1 26 ± 8.7 28.9 ± 6.4 0.3
Lactates (mmol/l) 2.7 ± 3.8 3 ± 4.5 2.1 ± 0.9 0.2
PaCO2 (mmHg) 62.9 ± 20.1 63.6 ± 22.4 61.3 ± 14.2 0.6
MAP (mmHg) 76.6 ± 15.7 79.1 ± 16.4 70.8 ± 12.3 0.007
PCV (mmHg) 38 (63.3) 25 (61) 13 (68.4) 0.6
PEEP (cmH2O) 16 ± 3.8 16.4 ± 3.2 15.2 ± 4.9 0.4
pH 7.3 ± 0.1 7.3 ± 0.1 7.3 ± 0.1 0.5
Platelet count 9103/ll 191.6 ± 125.2 190.4 ± 92.8 194 ± 175.1 0.9
Peak airway pressure (cmH2O) 34.9 ± 6.8 34 ± 5.9 37 ± 8.3 0.2
Plateau airway pressure (cmH2O) 33.3 ± 4.6 33.9 ± 5.7 32.4 ± 2.2 0.1
Mean airway pressure (cmH2O) 25 ± 3.40 24.60 ± 3.44 26.09 ± 3.28 0.5
CVP (mmHg) 14.39 ± 4.71 15.11 ± 4.01 13.24 ± 5.57 0.2
Volume-controlled mechanical ventilation 23 (38.3) 15 (36.6) 8 (42.1) 0.7
Vt (ml) 405 ± 159.4 416.5 ± 171.7 378.7 ± 127.4 0.3
Minute volume (ml) 9.8 ± 4.5 9.9 ± 4.4 9.8 ± 4.6 0.9
Femoral vein-femoral vein configuration 26 (43.3) 20 (48.8) 6 (31.6) 0.2
Femoral vein-jugular vein configuration 27 (45) 18 (43.9) 9 (47.4) 0.8
Internal jugular vein-jugular vein configuration 6 (10) 3 (7.3) 3 (15.8) 0.3
Cannulation-related complications 9 (15) 4 (9.8) 5 (26.3) 0.05

Continuous parameters presented as mean ± SD, categorical data as n (%)
BMI Body max index, BSA body surface area, PBW partial weight bearing, ECMO extracorporeal membrane oxygenation, ICU intensive care unit, MV
mechanical ventilation, ELS extracorporeal life support, COPD chronic obstructive pulmonary disease, BIPAP bilevel positive airway pressure, HFOV
high-frequency oscillatory ventilation, CPAPPSV continuous positive airway pressure and pressure support ventilation, CRRT continuos renal replacement
therapy, SIMV invasive mechanical ventilation synchronized, SOFA sequential organ failure assessment, PaCO2 partial pressure of carbon dioxide, MAP
mean arterial pressure, PCV pressure control ventilation, PEEP positive end expiratory pressure, CVP central venous pressure, Vt tidal volume
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MV (h) 26.9 ± 20.5 25.1 ± 16.2 30.8 ± 27.7 0.19
Transport on ELS 28 (46.7) 21 (51.2) 7 (36.8) 0.2
COPD 7 (11.7) 4 (9.8) 3 (15.8) 0.5
Heart disease 1 (1.7) 1 (2.4) 0 (0) 0.9
Smoke 8 (13.3) 7 (17.1) 1 (5.3) 0.2
Diabetes 5 (8.3) 5 (12.2) 0 (0) 0.2
Pregnancy 4 (6.7) 4 (9.8) 0 (0) 0.3
Neoplasia 1 (1.7) 1 (2.4) 0 (0) 0.9
Psychopathology or alcoholic patient 6 (10) 5 (12.2) 1 (5.3) 0.4

Clinical parameters and vital signs
Rescue therapy 42 (70) 29 (70.7) 13 (68.4) 0.8
Recruitment maneuvers 41 (68.3) 28 (68.3) 13 (68.4) 0.9
Nitric oxide 10 (16.7) 7 (17.1) 3 (15.8) 0.9
Pronation 16 (26.7) 12 (29.3) 4 (21.1) 0.6
Pulmonary vasodilator 5 (8.5) 2 (4.9) 3 (16.7) 0.2

Vasoactive amines 20 (33.3) 7 (17.1) 13 (68.4) \0.001
BIPAP 9 (15) 7 (17.1) 2 (10.5) 0.3
HFOV 4 (6.8) 2 (4.9) 2 (11.1) 0.4
Vasoactive and inotropic drugs 37 (64.9) 25 (65.8) 12 (63.2) 0.5
CPAP-PSV 3 (5) 3 (7.3) 0 (0) 0.5
SIMV 2 (3.3) 2 (4.8) 0 (0) 0.9
SOFA score 7.8 ± 2.2 7 ± 2.2 9.32 ± 3.16 \0.001
Bilirubin (mg/dl) 1.2 ± 1.2 0.9 ± 0.6 1.7 ± 1.9 0.02
Cardiac index (l/min/m2) 3.7 ± 1.6 3.9 ± 1.9 3.3 ± 1.1 0.1
Cardiac output (l/min) 7.3 ± 3.1 7.7 ± 3.2 6.6 ± 2.8 0.2
Creatinine (mg/dl) 1.1 ± 1.1 0.9 ± 0.5 1.5 ± 1.9 \0.001
Hematocrit (%) 33.4 ± 5.6 34.9 ± 4.7 30.1 ± 6.8 0.01
Heart rate (bpm) 104 ± 21 102.8 ± 21.7 106.6 ± 19.7 0.3
Respiratory rate (bpm) 26.9 ± 8.1 26 ± 8.7 28.9 ± 6.4 0.3
Lactates (mmol/l) 2.7 ± 3.8 3 ± 4.5 2.1 ± 0.9 0.2
PaCO2 (mmHg) 62.9 ± 20.1 63.6 ± 22.4 61.3 ± 14.2 0.6
MAP (mmHg) 76.6 ± 15.7 79.1 ± 16.4 70.8 ± 12.3 0.007
PCV (mmHg) 38 (63.3) 25 (61) 13 (68.4) 0.6
PEEP (cmH2O) 16 ± 3.8 16.4 ± 3.2 15.2 ± 4.9 0.4
pH 7.3 ± 0.1 7.3 ± 0.1 7.3 ± 0.1 0.5
Platelet count 9103/ll 191.6 ± 125.2 190.4 ± 92.8 194 ± 175.1 0.9
Peak airway pressure (cmH2O) 34.9 ± 6.8 34 ± 5.9 37 ± 8.3 0.2
Plateau airway pressure (cmH2O) 33.3 ± 4.6 33.9 ± 5.7 32.4 ± 2.2 0.1
Mean airway pressure (cmH2O) 25 ± 3.40 24.60 ± 3.44 26.09 ± 3.28 0.5
CVP (mmHg) 14.39 ± 4.71 15.11 ± 4.01 13.24 ± 5.57 0.2
Volume-controlled mechanical ventilation 23 (38.3) 15 (36.6) 8 (42.1) 0.7
Vt (ml) 405 ± 159.4 416.5 ± 171.7 378.7 ± 127.4 0.3
Minute volume (ml) 9.8 ± 4.5 9.9 ± 4.4 9.8 ± 4.6 0.9
Femoral vein-femoral vein configuration 26 (43.3) 20 (48.8) 6 (31.6) 0.2
Femoral vein-jugular vein configuration 27 (45) 18 (43.9) 9 (47.4) 0.8
Internal jugular vein-jugular vein configuration 6 (10) 3 (7.3) 3 (15.8) 0.3
Cannulation-related complications 9 (15) 4 (9.8) 5 (26.3) 0.05

Continuous parameters presented as mean ± SD, categorical data as n (%)
BMI Body max index, BSA body surface area, PBW partial weight bearing, ECMO extracorporeal membrane oxygenation, ICU intensive care unit, MV
mechanical ventilation, ELS extracorporeal life support, COPD chronic obstructive pulmonary disease, BIPAP bilevel positive airway pressure, HFOV
high-frequency oscillatory ventilation, CPAPPSV continuous positive airway pressure and pressure support ventilation, CRRT continuos renal replacement
therapy, SIMV invasive mechanical ventilation synchronized, SOFA sequential organ failure assessment, PaCO2 partial pressure of carbon dioxide, MAP
mean arterial pressure, PCV pressure control ventilation, PEEP positive end expiratory pressure, CVP central venous pressure, Vt tidal volume
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revealed a lower performance in the evaluation of pre-
implant mortality risk compared to the ECMOnet score.

We further analyzed the performance of the ECMOnet
score to the subgroups of patients referred or not referred
from remote hospitals. Not only was the prediction of
mortality risk excellent in the 49 patients with H1N1
infection (c = 0.905, 95 % CI 0.820–0.991, p \ 0.001),
but also the ECMOnet score performed well in both
groups of patients (n = 28), referred (c = 0.833, 95 % CI
0.630–0.999, p = 0.001) or not referred (n = 32) from
remote hospitals (c = 0.838, 95 % CI 0.693–0.984,
p \ 0.001).Furthermore, we examined the reliability of
the ECMOnet score by an external validation analysis: the
validation group consisted of 74 patients with ARDS (45
male and 29 female), of whom 81 % (60/74) had con-
firmed H1N1 infection, and 57 % (42/74) were
transferred from remote hospitals to the tertiary referral
centers after the initiation of treatment with extracorpo-
real support. Mean age was 45 ± 14 years; overall
survival rate was 49 % (36/74).The ROC analysis (Fig. 1)
of this external test set revealed a strong capacity of the
ECMOnet score to distinguish survivors from nonsurvi-
vors (c = 0.694, 95 % CI 0.562–0.826, p = 0.004). The
accuracy was 62 % (95 % IC 49–74 %), and sensitivity

and specificity were 51 % (95 % IC 35–68 %) and 76 %
(95 % IC 59–93 %), respectively.

Discussion

This study shows that mortality of adult patients suffering
from influenza A (H1N1)-related ARDS undergoing VV
ECMO is related to extrapulmonary organ function at the
time of cannulation. PreECMO hospital length of stay;
creatinine, bilirubin and hematocrit values; and systemic
mean arterial pressure were significantly associated with
mortality as assessed by multivariate analysis, while
respiratory parameters were not associated with survival.
To improve risk stratification and prediction of mortality
risk at the time of VV ECMO initiation, we developed a
multifactorial scoring system—the ECMOnet score.

Up to now, most data explaining the rates and causes
of death refer to the time point after the start of ECMO: in
a large multicenter database of 1,473 adult patients sup-
ported with ECMO for respiratory failure, survival at
hospital discharge was 50 % [4]. Non-survivors displayed
a higher rate of complications, including mechanical
circuit complications; renal complications; surgical, GI
and pulmonary hemorrhages; hyperglycemia, infections,
arrhythmias and pneumothorax [4]. In a population of 137
pediatric patients undergoing VA ECMO, Morris and
colleagues found that the development of renal and
hepatic dysfunction during ECMO predicted mortality in

Table 2 The ECMOnet score

Parameter Partial score

PreECMO hospital length of stay (days)
B3 0.5
4–7 1
8–11 1.5
[11 2
Bilirubin (mg/dl)
B0.15 0
0.16–0.65 0.5
0.66–1.15 1
1.16–1.65 1.5
1.66–2.15 2
[2.15 2.5

Creatinine (mg/dl)
B0.5 0
0.51–0.80 0.5
0.81–1.10 1
1.11–1.40 1.5
1.41–1.70 2
1.71–2.00 2.5
2.01–2.30 3
[2.30 3.5

Hematocrit (%)
[40 0.5
36–40 1
31–35 1.5
B30 2.0

Mean arterial pressure (mmHg)
[90 0
61–90 0.5
B60 1

ECMO Extracorporeal memabrane oxygenation

Fig. 1 ROC curve of the ECMOnet score in the external validation
test set

279

•  Cutoff	
  value	
  of	
  4.5	
  was	
  	
  
associated	
  with	
  dras>c	
  effect	
  on	
  
survival.	
  
•  No	
  ven>latory	
  parameters	
  	
  
were	
  predic>ve	
  of	
  outcome?	
  
	
  
26%	
  of	
  the	
  pa>ents	
  had	
  proning	
  
preECMO	
  in	
  this	
  study	
  versus	
  
59%	
  in	
  the	
  PRESERVE	
  study.	
  
	
  
•  Score	
  was	
  validated	
  even	
  

into	
  other	
  ARDS	
  causes	
  cases	
  
and	
  into	
  pa>ents	
  not	
  
referred	
  to	
  ECMO	
  even.	
  



Conclusion	
  	
  
•  ?Tow	
  kinds	
  of	
  popula>on	
  :	
  viral	
  pneumonia	
  H1N1	
  ?	
  Easily	
  reversible	
  

pulmonary	
  process,	
  benefit	
  from	
  ECMO	
  and	
  their	
  outcome	
  depends	
  
mainly	
  on	
  other	
  organ	
  involvement.	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Others	
  with	
  ARDS	
  due	
  to	
  systemic	
  insult	
  and	
  their	
  outcome	
  	
  	
  	
  	
  
mainly	
  depends	
  on	
  ARDS	
  severity	
  reflected	
  by	
  preECMO	
  ven>latory	
  
seengs	
  (	
  VILI	
  )	
  mainly.	
  
•  Early	
  ECMO	
  is	
  a	
  main	
  predictor	
  of	
  outcome	
  ,	
  but	
  how	
  much	
  early	
  

(	
  before	
  VILI	
  and	
  organ	
  failure),	
  while	
  s>ll	
  could	
  be	
  premature	
  
referral	
  for	
  a	
  easily	
  reversible	
  disease.	
  

•  Indica>ons	
  for	
  referral	
  	
  (	
  lung	
  mechanics	
  and	
  blood	
  gases	
  )?	
  Is	
  it	
  a	
  
good	
  criteria	
  ?	
  

•  VV	
  ECMO	
  seems	
  a	
  reasonable	
  and	
  realis>c	
  op>on	
  ,	
  VA	
  seems	
  to	
  be	
  
invasive	
  and	
  well	
  studied	
  so	
  far.	
  

	
  
	
  



Future	
  study	
  design	
  	
  
•  Bigger	
  sample	
  and	
  subgroup	
  analysis.	
  
•  Protocolized	
  standardized	
  protec>ve	
  mechanical	
  ven>la>on	
  

in	
  both	
  arms.	
  
•  Transfer	
  issues,	
  complica>ons	
  ,	
  specialized	
  teams	
  to	
  start	
  

ECMO	
  and	
  do	
  cannula>on.	
  
•  Unanswered	
  ques>ons	
  hopefully	
  will	
  be	
  answered	
  by	
  the	
  

interna>onal,	
  randomized,	
  controlled	
  trial,	
  ECMO	
  to	
  Rescue	
  
Lung	
  Injury	
  in	
  Severe	
  ARDS	
  .	
  

•  So	
  far	
  it	
  should	
  be	
  individualized	
  op>on	
  of	
  treatment	
  and	
  
based	
  on	
  center	
  experience	
  in	
  addi>on	
  to	
  predicted	
  risk	
  
outcome	
  to	
  priori>ze	
  this	
  valuable	
  method	
  of	
  treatment.	
  



Inhaled	
  nitric	
  oxide	
  



Pathophysiology	
  	
  
•  Hypoxemia	
  in	
  ARDS	
  is	
  driven	
  mainly	
  by	
  the	
  V/Qmismatch,	
  

vasoconstric>on	
  in	
  normal	
  lung	
  and	
  vasodilata>on	
  in	
  diseased	
  
lung.	
  

•  ARDS	
  is	
  associated	
  with	
  pulmonary	
  hypertension	
  due	
  to	
  in	
  
situ	
  thrombosis	
  and	
  lung	
  >ssue	
  destruc>on.	
  

•  PAH	
  further	
  exacerbates	
  pulmonary	
  edema	
  and	
  leads	
  to	
  right	
  
heart	
  dysfunc>on.	
  

•  NO	
  has	
  selec>ve	
  pulmonary	
  vasodilator	
  of	
  rela>vely	
  normal	
  
lung	
  >ssue.	
  



•  3	
  metanalysis	
  showed	
  no	
  survival	
  benefit	
  but	
  rather	
  increased	
  
renal	
  impairment	
  risk.	
  

•  Although	
  these	
  studies	
  showed	
  significant	
  transient	
  
improvement	
  of	
  oxygena>on.	
  

Adhikari	
  et	
  al	
  BMJ	
  2007	
  
Kumar	
  et	
  al	
  JAMA	
  2009	
  
Ashfari	
  et	
  al	
  cochrane	
  database	
  syst	
  rev	
  2010	
  
	
  
	
  
	
  



•  Adhikari	
  metanalysis	
  2014	
  assessed	
  the	
  differen>al	
  effect	
  of	
  NO	
  based	
  on	
  
ARDS	
  severity.	
  

•  Reviewed	
  	
  individual	
  pa>ent	
  data.	
  
•  Children	
  and	
  adults	
  but	
  not	
  neonates.	
  
•  Included	
  studies	
  that	
  used	
  comparable	
  other	
  ARDS	
  therapies	
  including	
  

ven>la>on	
  strategies	
  among	
  both	
  groups.	
  
•  Excluded	
  studies	
  that	
  had	
  more	
  than	
  50%	
  cross	
  over.	
  	
  
•  mortality	
  in	
  severe	
  ARDS	
  was	
  1.01;	
  95%	
  CI,	
  0.78–1.32;	
  n=329	
  pa>ents	
  

(	
  small	
  sample	
  to	
  detect	
  a	
  difference	
  ).	
  
•  Mortality	
  in	
  mild	
  –	
  moderate	
  ARDS	
  was	
  1.12;	
  95%CI,	
  0.89–1.42;	
  n=740	
  

pa>ents	
  .	
  
•  No	
  PO2/FiO2	
  beneficial	
  threshold	
  was	
  iden>fied	
  by	
  Subgroup	
  analysis	
  .	
  
•  NO	
  dose	
  used	
  in	
  included	
  trials	
  was	
  physiologically	
  sufficient	
  to	
  treat	
  

hypoxia.	
  

Adhikari	
  et	
  al	
  ,	
  CCM	
  2014	
  



Future	
  study	
  
•  It	
  is	
  difficult	
  to	
  conduct	
  a	
  study	
  from	
  cost	
  point	
  ,	
  considering	
  

previous	
  disappoin>ng	
  results	
  and	
  risk	
  of	
  renal	
  impairment	
  of	
  
NO	
  in	
  severe	
  ARDS	
  pa>ents	
  especially	
  with	
  the	
  marginal	
  
expected	
  benefit.	
  

•  NO	
  might	
  be	
  used	
  in	
  special	
  circumstances	
  where	
  hypoxia	
  is	
  
the	
  main	
  risk	
  of	
  death	
  as	
  a	
  rescue	
  measure	
  with	
  doubvul	
  
survival	
  benefit.	
  	
  



Thanks	
  for	
  ahendance	
  	
  


