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plethora of case reports, a wide range of clin
tions and an ample choice of devices and acces
has been no systematic appraisal of the risks
applying ECMO in unselected patients and 
uncertainty on the incidence and impact of co
associated with ECMO.4-7 Systematic reviews
analyses provide a robust and validated means o
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ABSTRACT

Objective:  To comprehensively assess published peer-
reviewed studies related to extracorporeal membrane 
oxygenation (ECMO), focusing on outcomes and 
complications of ECMO in adult patients.
Design:  Systematic review and meta-analysis.
Data sources:  MEDLINE/PubMed was searched for articles on 
complications and mortality occurring during or after ECMO.
Data extraction:  Included studies had more than 100 
patients receiving ECMO and reported in detail fatal or non-
fatal complications occurring during or after ECMO. Primary 
outcome was mortality at the longest follow-up available; 
secondary outcomes were fatal and non-fatal complications.
Data synthesis:  Twelve studies were included (1763 
patients), mostly reporting on venoarterial ECMO. Criteria for 
applying ECMO were variable, but usually comprised acute 
respiratory failure, cardiogenic shock or both. After a median 
follow-up of 30 days (1st–3rd quartile, 30–68 days), overall 
mortality was 54% (95% CI, 47%–61%), with 45% (95% CI, 
42%–48%) of fatal events occurring during ECMO and 13% 
(95% CI, 11%–15%) after it. The most common 
complications associated with ECMO were: renal failure 
requiring continuous venovenous haemofiltration (occurring in 
52%), bacterial pneumonia (33%), any bleeding (33%), 
oxygenator dysfunction requiring replacement (29%), sepsis 
(26%), haemolysis (18%), liver dysfunction (16%), leg 
ischaemia (10%), venous thrombosis (10%), central nervous 
system complications (8%), gastrointestinal bleeding (7%), 
aspiration pneumonia (5%), and disseminated intravascular 
coagulation (5%).
Conclusions:  Even with conditions usually associated with a 
high chance of death, almost 50% of patients receiving ECMO 
survive up to discharge. Complications are frequent and most 
often comprise renal failure, pneumonia or sepsis, and 
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bleeding.
Modern extracorporeal membrane oxygenation (ECMO)
was introduced into clinical practice several years ago, but
owing to major refinements it is now considered the first-
choice treatment in patients with refractory cardiogenic
shock and/or acute lung or respiratory failure (ARF).1-3 Its
cost and accompanying logistical issues limit wider applica-
tion of this technology. Accordingly, use of ECMO must be
individualised carefully, balancing purported benefits, risks,
and the likelihood of subsequent recovery without major
neurological sequelae.

Despite the availability of several multicentre registries, a
ical applica-
sories, there
 inherent in
there is still
mplications

 and meta-
f summaris-

ing clinical evidence from independent reports, and their
use has been advocated to appraise more thoroughly the
risk of adverse outcomes with clinical interventions.8 We
aimed to perform a comprehensive, up-to-date and meth-
odologically sound systematic review and meta-analysis of
the peer-reviewed literature, focusing on outcomes and
complications of ECMO in adult patients.

Methods

Design
This systematic review complies with MOOSE (Meta-analysis
of Observational Studies in Epidemiology) and PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) guidelines.9-10 Study search, selection,
abstraction and quality assessment were all performed by
two independent reviewers (G L, G B-Z), with divergences
resolved after consensus.

Search
MEDLINE/PubMed was searched for articles on complica-
tions occurring in patients during or after ECMO, with the
following highly sensitive strategy: (ecmo OR ecls OR els OR
(extracorporeal AND ((membrane AND oxygen*) OR (life
AND support)))) AND (fatal* OR mortal OR death OR

mortality). All searches were updated on 2 January, 2012.
No language restriction was enforced, and references from
selected studies as well as previous systematic reviews on
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the topic were manually searched for additional studies
(backward snowballing).

Selection criteria
Citations were first screened at the title and abstract level. If
potentially pertinent, they were retrieved in full text and
appraised. Inclusion criteria were: a) the study reported on
100 or more patients; b) patients received ECMO; and c) the
study reported in detail on fatal or non-fatal complications
occurring during or after ECMO. Articles were only included
if all criteria were met. Exclusion criteria were: a) inclusion
of < 100 patients treated by ECMO; b) selective inclusion of
patients < 18 years; and c) duplicate publication (in which
case only the most recent report from the same study group
was included in the systematic review). Articles were
excluded if one of these criteria was met.

A sample size cut-off of 100 patients was chosen pre hoc
to limit the undue influence of anecdotal cases and the
ensuing risk of imprecision and publication bias, in keeping
with prior systematic reviews.11 Where data were lacking in
the selected published papers, corresponding authors were
contacted by phone or email and asked to clarify and detail
missing data for inclusion in the meta-analysis.

Data abstraction and quality appraisal
Several study, patient, procedural and outcome features
were abstracted, with the primary outcome of the study
being mortality at the longest follow-up available. Other
outcomes of interest were fatal and non-fatal complica-
tions occurring during or after ECMO. The validity of
included studies was appraised with the Newcastle-
Ottawa scale.12

Data analysis
Continuous variables are reported as median (1st–3rd quar-
tile) and categorical variables as number (%). Meta-analytic
pooling was performed for outcome variables, using a

Table 2. Included studies

Study Year Location Design Prospective Setting Primary end point Follow-up

Beiras-Fernandez A et al29 2011 Germany Registry No Single centre na 1 year

Bisdas T et al5 2011 Germany Registry No Single centre Complications Inhospital

Camboni et al30 2011 Germany Registry No Single centre na Inhospital

Chen YC et al31 2011 Taiwan Registry No Single centre Inhospital mortality 6 months

Foley DS et al32 2002 USA Registry No Single centre Complications Inhospital

Hei F et al33 2011 China Registry No Single centre Inhospital mortality Inhospital

Hemmila MR et al34 2004 USA Registry No Single centre Inhospital mortality Inhospital

Kolla S et al35 1997 USA Registry No Single centre Inhospital mortality Inhospital

Sun HY et al36 2010 Taiwan Registry No Single centre Infections Inhospital

Wu MY et al37 2010 Taiwan Registry No Single centre Inhospital mortality 3 years

Wu VC et al38 2010 Taiwan Registry No Multicentre Inhospital mortality Inhospital

Yu K et al39 2011 China Registry No Single centre na Inhospital

na = not available or applicable.

Table 1. Major studies excluded because of a lack of 
data on extracorporeal membrane oxygenation 
(ECMO) complications, or duplicate publication

Study Year

Patients 
receiving 

ECMO
Type of 
ECMO Mortality

Bizzarro MJ et al14 2011 20 741 VA and VV na

Brogan TV et al15 2009 1 473 VA and VV 50.0%

Doll N et al16 2004 219 na na

Elsharkawy HA et al17 2010 233 na 63.9%

Farrar DJ et al18 2000 1 376 na na

Fischer S et al19 2007 31 340 na na

Hoefer D et al20 2006 131 na na

Morimura N et al21 2011 105 na 6.4%

Ranucci M et al22 2004 180 na na

Rastan AJ et al23 2010 517 na na

Rastan AJ et al24 2006 154 na na

Rich PB et al25 1998 100 na na

Schaible T et al26 2012 106 VA na

Sheu JJ et al27 2010 334 na na

Tsai CW et al28 2008 104 na 75.9%

na =  not available or applicable. VA = venoarterial. VV = venovenous.
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random-effects generic inverse-variance weighting
approach and reporting results as a summary point estimate
and 95% confidence interval.13 Statistical consistency was
tested by means of I2. Small study effects (eg, publication
bias) were appraised by visual inspection of funnel plots.13

Inverse-variance weighting meta-regression was used with
a hypothesis-generating scope to explore for potential
moderators, and results are expressed as b (95% confi-
dence interval) and corresponding P value. Statistical signif-
icance was set at the 5% level, with 2-tailed P values
reported throughout. Computations were performed with
RevMan 5 (Nordic Cochrane Centre) and SPSS Statistics 20
(IBM).

Results

A total of 2070 citations were obtained by bibliographic
searches. After excluding non-pertinent studies or those not
fulfilling the selection criteria (Table 1), a final set of 12
studies was included (Table 2). These studies were mostly
performed in the past decade, stemming from several
countries, and included a total of 1763 patients (median,
116 [1st–3rd quartile, 102–139 patients]). The median age
of adults was 47 years (1st–3rd quartile, 38–48 years), and

66% (median; 1st–3rd quartile, 55%–68%) were male
(Table 3). Criteria for applying ECMO were variable, but
most often included cardiogenic shock, ARF, or both.
Appraisal of procedural features showed that ECMO was
maintained for a median of 5.9 days (1st–3rd quartile, 5.4–
7.3 days), and was venoarterial in 92% (median; 1st–3rd
quartile, 24%–100%) of patients (Table 4).

Analyses of outcomes, appraised at a median follow-up
of 30 days (1st–3rd quartile, 30–68 days), showed that
overall mortality was 54% (point estimate; 95% CI, 47%–
61%; I2 = 90%), with 45% (point estimate; 95% CI, 42%–
48%) of fatal events occurring during ECMO and 13%
(point estimate; 95% CI, 11%–15%) occurring after ECMO
(Table 5; Figures 1 and 2). Several complications were
described during or shortly after ECMO use, including (in
decreasing order of risk): renal failure requiring continuous
venovenous haemofiltration (52%), bacterial pneumonia
(33%), any bleeding (33%), oxygenator dysfunction requir-
ing system replacement (29%), sepsis (26%), haemolysis
(18%), liver dysfunction (16%), leg ischaemia (10%),
venous thrombosis (10%), central nervous system compli-
cations (8%), gastrointestinal bleeding (7%), aspiration
pneumonia (5%), and disseminated intravascular coagula-
tion (5%) (Table 5).

Table 3. Characteristics of patients in included studies

Study Patients
Children 
included

Median age of 
adults, years Males Criteria for ECMO

Beiras-Fernandez A et al29 108 Yes 43 66% Failure in weaning CPB

Bisdas T et al5 174 Yes 46 37% VA ECMO: CI < 2.2 L/min/m2; SBP, < 90 mmHg; lactates, 
> 4.0 mmol/L during inotropic support and/or IABP. VV ECMO: 
ARDS unresponsive to conventional therapy

Camboni et al30 127 Yes 48 67% Hypoxia (PaO2 < 85 mmHg)

Chen YC et al31 102 No 47 61% Cardiogenic shock

Foley DS et al32 100 Yes 38 na Severe respiratory or cardiac instability

Hei F et al33 121 Yes 49 62% Cardiogenic shock, failure in weaning CPB, pulmonary 
hypertension, cardiac and pulmonary dysfunction with hypoxia, CI 
< 2.0 L/min/m2 despite inotropic support

Hemmila MR et al34 268 No 38 49% ARF with PaO2/FIO2 ratio < 100 on FIO2 of 1.0, alveolar–arterial 
gradient > 600 mmHg, or transpulmonary shunt fraction > 30% 
despite and after optimal treatment

Kolla S et al35 100 No 34 40% ARF with transpulmonary shunt > 30%, compliance < 0.5 mL/
cm H2O/kg, mechanical ventilation < 5 days, and age younger than 
60 years

Sun HY et al36 330 No 51 68% ARF or cardiogenic shock

Wu MY et al37 110 No 60 71% Cardiogenic shock

Wu VC et al38 102 No 48 69% Cardiogenic shock

Yu K et al39 121 No 30 67% Cardiogenic shock

ARDS = acute respiratory distress syndrome. ARF = acute respiratory failure. CI = cardiac index. CPB = cardiopulmonary bypass. IABP = intra-aortic balloon 
pump. na =  not available or applicable. SBP = systolic blood pressure. VA = venoarterial. VV = venovenous.
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Exploratory meta-regression analyses showed that mor-
tality appeared to increase with year of publication (b =
1.865 [95% CI, 0.193–3.537]; P = 0.032), and tended to be
lower in studies more frequently employing venovenous
ECMO rather than venoarterial ECMO (b = 0.203 [95% CI,

0.412 to 0.005]; P = 0.005). It was not significantly associ-
ated with number of children (P = 0.159), age (P = 0.123),
male sex (P = 0.177), use of protective ventilation (P =
0.168), ECMO duration (P = 0.900), or follow-up duration
(P = 0.713).

Table 4. Procedural characteristics of included studies
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Beiras-
Fernandez A 
et al14

0 100% 0 5.7 RA and ascending 
aorta

Medtronic Bio-Pump 
Medtronic 

(C)

Yes No na Heparin 
(160-200 s)

Bisdas T et al5 18% 83% 0 6.0 VV and VA: femoro-
femoral with arterial 

leg reperfusions

Maquet/ 
Levitronix

Maquet (C) na Yes na Heparin (na)

Camboni 
et al15

100% 0 1% na RIJV and femoral vein Maquet Maquet (C) na Yes na Heparin 
(160 s)

Chen YC 
et al16

0 100% 0 5.5 Femoro-femoral na na na No na na

Foley DS et al17 53% 47% 0 9.5 VV: RIJV and femoral 
vein; VA: femoro-

femoral

Avecor 
Cardiovascular

Cobe Roller 
Pump (R) or 

Sarns 
Delphin II (C)

na No na na

Hei F et al18 0 100% 0 5.4 Adults: femoro-
femoral; children: RA 
and ascending aorta

Medtronic 
Minimax/ 

Quadrox D 
Jostra

(C) na Yes na Heparin 
(> 200 s)

Hemmila MR 
et al19

73% 23% 10% 5.2 VV: RA and IVC; VA: 
RA or IVC plus 

femoral or common 
carotid artery

na na na Yes na Heparin 
(160–180 s)

Kolla S et al20 76% 24% 7% na VA: RIJV and common 
carotid artery or 

femoral artery and 
vein; VV: RIJV and 

femoral vein

na (C) na Yes na Heparin 
(160–180 s)

Sun HY et al21 19% 8% 0 7.7 VV: RIJV and femoral 
vein; VA: femoro-

femoral

na na na No na na

Wu MY et al22 0 100% 0 5.4 Femoro-femoral Capiox EBS/ 
Medos 

Deltastream

(R) na No na Heparin 
(180–200 s)

Wu VC et al23 0 100% 0 8.8 Femoro-femoral na CB2505 
Medtronic 

(C)

Yes No na na

Yu K et al24 0 100% 0 6.0 Femoro-femoral Medtronic/ 
Quadrox D PLS

Bio Medicus 
BP-550 or 
RotaFlow 
R-32 (C)

Yes No na Heparin 
(140–180 s)

ACT = activated clotting time. C = centrifugal. ECMO = extracorporeal membrane oxygenation. IVC = inferior vena cava. na = not available or applicable. 
R = roller. RA = right atrium. RIJV = right internal jugular vein. VA = venoarterial. VV = venovenous.
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Discussion
This systematic review detailing the outcomes for 1763
adult patients receiving ECMO shows that use of ECMO in
critically ill patients is progressively increasing, with higher
risk patients being treated more and more often. Overall
outcomes indicate that ECMO is feasible in several critical
conditions with different aetiologies; and despite their
prohibitive baseline risk and comorbidities, almost half of
patients receiving ECMO in real-world practice survive up to
hospital discharge. However, ECMO is still associated with
several complications, including renal failure, pneumonia or
sepsis, and bleeding. Determining whether the occurrence
of such events may be reduced by improving ECMO or
supportive therapy, or whether they are simply secondary to
the critical conditions of patients treated with ECMO,
requires further dedicated studies.

The management of patients with severe cardiogenic
shock or respiratory failure has been revolutionised by the
introduction of ECMO, which can provide short-term sup-
port to failing hearts and lungs in newborns and children,
as well as adults.1-3,40,41 ECMO has been available since the

late 1990s, but it is still used in a limited number of patients
per year in any given institution, mainly because of the high
cost and logistic reasons. Accordingly, it remains challeng-
ing for a clinician to precisely estimate the risk–benefit
balance of ECMO and to use this estimate to individualise
use of ECMO in real-world patients.

The results of our meta-analysis showed that ECMO has
proven feasible. Inhospital mortality was 54%, suggesting
that, despite ample room for additional improvements,

Figure 2. Funnel plot for the overall risk of death in 
patients receiving extracorporeal membrane 
oxygenation

SE = standard error. MD = mean death risk.

Figure 1. Forest plot for the overall risk of death in 
patients receiving extracorporeal membrane 
oxygenation

Table 5. Clinical outcomes and complications in 
patients receiving extracorporeal membrane 
oxygenation (ECMO)

Outcome

No. of studies 
reporting outcome 

(no. of patients) 

Summary 
point estimate 

(95% CI)

Mortality

Overall 12 (1763) 54% (47%–61%)

During ECMO 8 (1059) 45% (42%–48%)

After ECMO 5 (734) 13% (11%–15%)

Complications

Aspiration pneumonia 3 (495) 5% (3%–7%)

Bacterial pneumonia 4 (825) 33% (30%–36%)

Bleeding 5 (946) 33% (30%–36%)

Central nervous system 
complications

5 (720) 8% (6%–10%)

Disseminated 
intravascular coagulation

3 (510) 5% (3%–7%)

Gastrointestinal bleeding 4 (610) 7% (5%–9%)

Haemolysis 4 (610) 18% (15%–21%)

Leg ischaemia 5 (856) 10% (8%–12%)

Liver dysfunction 4 (610) 16% (13%–19%)

Oxygenator dysfunction 
requiring replacement

5 (946) 29% (26%–32%)

Renal failure requiring 
continuous venovenous 
haemofiltration

6 (828) 52% (49%–55%)

Sepsis 5 (940) 26% (23%–29%)

Venous thrombosis 1 (127) 10% (5%–15%)
Critical Care and Resuscitation  Volume 15 Number 3  September 2013176



ORIGINAL ARTICLES
ECMO achieved remarkable results in patients at high risk of
death. Yet complications were common and often potentially
life-threatening. It remains unclear whether this is due the
underlying patient condition and comorbidities, or if techno-
logical improvements and changes in ancillary procedures
and medications may reduce such risk. Indeed, state-of-the-
art ECMO is now remarkably safe in patients without
comorbidities, and future application of ECMO in awake or
ambulatory patients, similar to its current application as a
bridge to heart transplantation, can be envisioned. Of course,
ECMO is invasive and candidates for ECMO are by definition
critically ill, thus it is very hard to altogether avoid adverse
events and complications in patients requiring ECMO.

The apparent increase in mortality over the years dis-
closed by our hypothesis-generating meta-regression analy-
sis most likely represents the application of ECMO to sicker
and more unstable patients in the recent past, rather than
any detrimental effect of current ECMO technology com-
pared with past technologies.3 Accordingly, meta-regression
suggested that venovenous ECMO is safer than venoarterial
ECMO,41,42 possibly because of its lower invasiveness, but
these findings indicate a need for dedicated head-to-head
randomised trials focusing on clinically relevant end points.

This study has several limitations, including those typical
of systematic reviews and meta-analyses of study-level data,
like inclusion of studies with heterogeneous primary out-
comes. We focused specifically on studies reporting at least
100 patients receiving ECMO to enable precise and accu-
rate prevalence and incidence estimates. However, this
selection criterion has led to the exclusion of several
potentially important reports, from case reports to studies
with relatively small samples. Nevertheless, including such
smaller studies would have increased the risk of biased
estimates, given the inherent likelihood that smaller studies
tend to be subject to selective reporting, publication bias,
and several other methodological shortcomings.13

Conclusion
Even with conditions usually associated with a high chance
of death, almost 50% of patients receiving ECMO survive
up to discharge. Nonetheless, complications are frequent
and most often comprise renal failure, pneumonia or sepsis,
and bleeding.
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