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Abstract 

Background: Venoarterial extracorporeal membrane oxygenation (va-ECMO) is an advanced life support for critically 
ill patients with refractory cardiogenic shock. This temporary support bridges time for recovery, permanent assist, or 
transplantation in patients with high risk of mortality. However, the benefit of this modality is still subject of discussion 
and despite the continuous development of critical care medicine, severe cardiogenic shock remains associated with 
high mortality. Therefore, this work aims to analyze the current literature regarding in-hospital mortality and complica-
tion rates of va-ECMO in patients with cardiogenic shock.

Methods: We conducted a systematic review and meta-analysis of the most recent literature to analyze the out-
comes of va-ECMO support. Using the PRISMA guidelines, Medline (PubMed) and Scopus (Elsevier) databases were 
systematically searched up to May 2022. Meta-analytic pooled estimation of publications variables was performed 
using a weighted random effects model for study size.

Results: Thirty-two studies comprising 12756 patients were included in the final analysis. Between 1994 and 2019, 
62% (pooled estimate, 8493/12756) of patients died in the hospital. More than one-third of patients died during 
ECMO support. The most frequent complications were renal failure (51%, 693/1351) with the need for renal replace-
ment therapy (44%, 4879/11186) and bleeding (49%, 1971/4523), bearing the potential for permanent injury or death. 
Univariate meta-regression analyses identified age over 60 years, shorter ECMO duration and presence of infection 
as variables associated with in-hospital mortality, while the studies reporting a higher incidence of cannulation site 
bleeding were unexpectedly associated with a reduced in-hospital mortality.

Conclusions: Extracorporeal membrane oxygenation is an invasive life support with a high risk of complications. 
We identified a pooled in-hospital mortality of 62% with patient age, infection and ECMO support duration being 
associated with a higher mortality. Protocols and techniques must be developed to reduce the rate of adverse events. 
Finally, randomized trials are necessary to demonstrate the effectiveness of va-ECMO in cardiogenic shock.
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Background
Extracorporeal membrane oxygenation (ECMO) is an 
advanced life support modality for critically ill patients 
with refractory respiratory or cardiac failure. The first 
reports of prolonged extracorporeal oxygenation of a 
patient with severe respiratory failure date from 1971 and 
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present the beginning of ECMO support as we know it 
today [1, 2]. This temporary support for cardiorespiratory 
failure bridges time for recovery, permanent assistance, 
or transplantation. It is used as a last resort in severe 
respiratory failure as a venovenous (vv-ECMO) and in a 
cardiogenic shock as a venoarterial (va-ECMO) configu-
ration [3]. In the last decades, ECMO support has been 
used increasingly in a variety of clinical presentations, 
like bridging to lung or heart transplant, resuscitation of 
patients with severe traumas, or extracorporeal-assisted 
rewarming (ECAR) of accidental hypothermia. The 
Extracorporeal Life Support Organization (ELSO) rec-
ommends the initiation of ECMO support in case of car-
diorespiratory failure with a high risk of mortality (80%)
[4].

Based on the data from 543 ELSO centers, more than 
170,000 ECMOs were employed until the end of 2021. 
The number of ECMO support cases increased gradually 
in the last 10 years, especially since the outbreak of coro-
navirus disease 2019 (COVID-19). The reported survival 
rate to discharge or transfer of all adult ECMO patients 
was 49%, with 58% in case of respiratory failure and 45% 
for cardiac failure [5]. However, these data originate only 
from the ELSO registered centers, missing the data from 
other centers and introducing a potential selection bias.

The overall benefit, adverse events, and mortality rate 
are still the subject of discussion. Despite the continuous 
development of critical care, severe cardiogenic shock is 
still associated with high mortality [6–9]. Although an 
increasing number of studies, with a larger number of 
patients, report on adverse events associated with ECMO 
support, the approximate rates of complications are still 
very heterogeneous, in part because of small study pop-
ulations [10]. Multiple studies strived to evaluate the 
potential benefit of ECMO support, but due to methodo-
logical issues, its efficacy remains controversial [11–13].

Given the above, our study aims to summarize the evi-
dence and provide a comprehensive review of va-ECMO 
support outcomes in adult patients with refractory car-
diogenic shock. We conducted a meta-analysis to exam-
ine mortality and complication rates in published studies, 
and we provide a summary of the demographic and clini-
cal characteristics of critically ill patients undergoing 
ECMO support.

Materials and methods
We conducted a systematic review and meta-analysis of 
all studies reporting on va-ECMO support, complying 
with the PRISMA (Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses) guidelines (Addi-
tional file 1: Table S1) [14]. This study is registered in the 
International prospective register of systematic reviews 
(PROSPERO) under number CRD42022326365.

The primary endpoint was the estimation of in-hospital 
mortality associated with the use of va-ECMO in patients 
with cardiogenic shock. Secondary endpoints included 
analysis of data on individual adverse events and mor-
tality (in-hospital mortality, brain death, and death dur-
ing ECMO support). The included studies comprised 
patients who underwent va-ECMO support, reporting 
on the incidence of adverse events and mortality. As our 
review and meta-analysis primarily aims at describing 
patient outcomes, we did not cover any potential com-
parators to the applied interventions, Additional file  1: 
Table S2.

Search
A systematic literature search was performed in Medline 
(PubMed) and Scopus (Elsevier) databases (data range up 
to May 1, 2022), using the combination of the following 
terms: ECMO, ECLS, ELS, extracorporeal, membrane, 
oxygen, life, support; fatal, death, mortality; complica-
tions and adverse (Additional file 1: Table S3). To ensure 
completeness of the search, we also searched the refer-
ence lists of the included studies, gray literature, and 
Google Scholar. In case of the full text of the study being 
not available, the authors of the studies were contacted. 
We included all studies reporting on (1) va-ECMO only, 
(2) both adverse events and in-hospital mortality, and 
(3) more than 100 patients with the patient follow-up to 
discharge from the hospital. Excluded were (1) all stud-
ies reporting on less than 100 patients, (2) reporting 
selectively on patients under 16 years, and (3) duplicate 
publications. Furthermore, we excluded studies with 
the main focus on extracorporeal support as a bridge to 
transplantation and durable mechanical circulatory sup-
port (e.g., ventricular assist device) or extracorporeal 
cardiopulmonary resuscitation (eCPR) as these groups of 
patients’ present extremes in means of patient outcome. 
To avoid overlapping of patients with original studies, 
systematic reviews and meta-analyses were excluded. 
Studies reporting on the results from the same institu-
tions or ELSO registry were also excluded, as the overlap-
ping of patients with the submitting center could not be 
excluded. Finally, we excluded studies with a main focus 
other than cardiogenic shock (i.e., transport of ECMO 
patients), or reported in other languages than English. 
Based on the methodology used in prior systematic 
reviews and meta-analyses, we chose a study sample size 
cutoff of 100 patients, to exclude the influence of case 
reports and small studies [15]. All study and data restric-
tions are presented in Additional file 1: Table S2.

The title and abstract screening were performed by 
2 independent assessors (SR, DJ). Full-text articles of 
selected studies were reviewed and included if they met 
the inclusion eligibility criteria. In case of insufficient 
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clarity in data presentation and presumable unreliable 
information, the study was excluded from the analysis. 
Any potential conflict in study selection was solved by 
reaching consensus in the research team.

Data extraction and synthesis
Two authors (SR, DJ) independently extracted relevant 
data regarding the basic study characteristics, patient 
demographics, reported complications, and mortal-
ity including the ECMO support technical information. 
Detailed information on the data extraction and synthe-
sis is available in Additional file 1: Table S4. The defini-
tions for reported outcomes were the ones adopted by 
the investigators of the included studies.

For comparison and to standardize the results of 
included studies, we performed simple calculations: (1) 
in case if only the female sex was reported, the number 
of male patients was calculated from the total number of 
patients, (2) percentage was computed into original val-
ues and original values into percentage where needed, 
(3) in case if outcome reported for compared groups, 
the overall sum was computed, and (4) ECMO support 
duration reported in hours was computed into days. 
All calculations were performed by 2 authors (SR, CO) 
independently.

Quality assessment
The methodological quality of studies was evaluated with 
the Newcastle–Ottawa scale for assessing the quality of 
nonrandomized studies in meta-analyses [16]. A study 
was considered to be of good quality if scored with 7 
out of 9 Newcastle–Ottawa scale stars, fair if it achieved 
5, and low-quality with less than 5 stars (Table  1). Two 
authors (SR, CO) independently evaluated the meth-
odological quality of the studies; disagreements were 
resolved through consensus within the research team.

Statistical assessment
Statistical analysis and visualizations were performed 
with “meta”, “metafor” and “dmetar” packages of R soft-
ware environment version 4.0.0 (R Core Team 2020: R: 
A language and environment for statistical computing. R 
Foundation for Statistical Computing, Vienna, Austria). 
For the pooling of single proportions, we used the inverse 
variance methods with logit transformation. Confidence 
intervals for individual studies were estimated with Clop-
per–Pearson method. The heterogeneity between-study 
and its possible causes were explored by Cochran’s Q test 
and t2 statistics, the Baujat plot, graphic display of het-
erogeneity analysis—GOSH [17, 18], and quantified with 
the I2 statistic. The univariate meta-regression analysis 
was used to identify potential predictors. Further sub-
group analyses were performed to evaluate whether the 

prespecified study characteristics could account for the 
overall in-hospital mortality (i.e., prospective, or ret-
rospective data collection, study setting, geographical 
region, publication year, period, and duration of data 
collection, reporting on less or more of 200 patients, the 
proportion of male patients, including of ECPR patients 
and their fraction). Publication bias was assessed using 
trim and fill [19], contour-enhanced funnel plot [20], and 
Egger’s test. To confirm the consistency of the main anal-
ysis, the sensitivity analysis was performed by excluding 
the potential effect of influence study on the results of the 
meta-analysis. A significance level of 0.05 was applied.

Results
Search results and description of studies
The systematic search yielded 2183 references in Med-
line via PubMed and 1715 in Scopus (Elsevier) database 
(May 1, 2022). After duplicates removal, a total of 3338 
articles were selected for the titles and abstracts screen-
ing. In a second step, 3223 papers were excluded: 1369 
due to publication type or patient population under 100, 
599 addressed populations not relevant for the present 
analysis, and 1252 addressed irrelevant outcomes (Addi-
tional file 1: Table S2). A flow chart of the search process 
is illustrated in Fig. 1. The main excluded studies are pre-
sented in Additional file  1: Table  S5. Thereby, 115 pub-
lications were selected for full-text screening, of which 
85 were excluded once they reported a non-relevant out-
come or used the same or similar patient data as other 
publications. Finally, our systematic assessment of stud-
ies comprised 32 publications, including 2 publications 
retrieved from the manual search of references [21, 22].

The main features of the included studies are pre-
sented in Table  1. Analyzed articles reflect the situa-
tion from USA (n = 9), Germany (n = 8), Taiwan (n = 2), 
Korea (n = 2), China (n = 2), Italy (n = 1), Japan (n = 1), 
Saudi Arabia (n = 1), Sweden (n = 1), Turkey (n = 1) and 
United Kingdom (n = 1), and three multicentric publica-
tions. Twenty-five of the 32 studies reported on in-hos-
pital mortality and more than 2 complications, while 7 
addressed 2 or fewer complications. Only one study used 
the ELSO definition of bleeding [23]. The reviewed pub-
lications obtained the data on ECMO support outcomes 
mostly through prospective or retrospective databases, 
hospital records, administrative claims databases, and 
local or national registers. Finally, the methodologi-
cal quality assessment of studies showed no low-quality 
study, 8 studies were rated as fair, and 24 as being of good 
quality (Table 1).

Patient population and outcomes
In the period from 1994 to 2019, a total of 12,756 patients 
received va-ECMO due to refractory cardiogenic shock. 
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The analyzed population comprised of 69% male adult 
patients, with a pooled mean age of 61.1  years and a 
mean BMI of 28.2 kg/m2. ECMO support was employed 
for an average of 5.3  days. In total 3421 (pooled 30.2%) 
patients experienced cardiac arrest before or during 
ECMO support implantation, and only two studies [22, 
24] reported on SOFA score (ranging from 11 to 12.5) 
and one on SAPS II score [25].

In total 8493 of 12,756 patients died during hospital 
stay. More than one-third of patients died during ECMO 
support (37.4% of all and 53.2% of all deceased patients). 
In-hospital mortality ranged from 40% to 75%, and 154 

patients were diagnosed with brain death (pooled 13.1%, 
[95% CI 9.4; 17.8]), Additional file 1: Table S6.

The need for renal replacement therapy and the pres-
ence of limb ischemia were the most often reported 
adverse events (23 studies), followed by any bleeding 
and death on-support (15 and 14 studies, respectively), 
Table 2 and Additional file 1: Table S6.

Renal failure and any kind of bleeding, where the most 
often experienced adverse events (pooled 50.5% [95%CI 
31.7; 69.2] and 48.5% [95%CI 40.6; 56.4], respectively), 
followed by the need for renal replacement therapy 
(44.3% [95%CI 39.2; 49.5]). However, differentiation of 

Fig. 1  Preferred reporting items for systematic reviews and meta-analyses (PRISMA) flow chart of the search process
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bleeding severity was impossible due to distinct varia-
tions in definitions, from any bleeding to bleeding requir-
ing reoperation and blood product transfusion. Surgical 
and cannulation site bleeding were reported with 14.9% 
(95%CI 3.7; 44.4) and 16.8% (95%CI 11.1; 24.7), respec-
tively. Thrombosis, as reported in five studies, had a 
pooled prevalence of 13.4% (95%CI 6.7; 25.1). Finally, 
pneumonia and sepsis had an incidence of 23.7% (95%CI 
16.2; 33.3) and 17.8% (95%CI 14.3; 21.9), respectively 
(Table 2 and Additional file 1: Table S4).

Neurological complications were reported in more 
than half of the studies, with cerebral bleeding occur-
ring in 5.6% (95%CI 3.4; 9.0) and ischemic stroke in 9.8% 
(95%CI 7.2; 13.1) of patients. The type of stroke was not 
specified in ten studies (pooled 8.6% [95%CI 5.3; 13.5]) 
and not-specified neurological complications were 
reported in 12.5% (95%CI 13.9; 16.8) of patients.

Regarding mechanical ECMO data, a centrifugal 
pump was used in all 11 studies, and 9 studies reported 
the use of UFH coated circuits. Information on the 

Table 2 Reporting of ECMO-related outcomes and complication rate

ECMO Extracorporeal membrane oxygenation, CNS Central nervous system, MODS Multiple organ dysfunction syndrome

Outcome Number of studies reporting 
data (events/population)

Pooled rate (95%CI) I2 (p value) Reported range (%)

Mortality

 Brain death 4 (154/1042) 13.1 (9.4; 17.8) 65% (0.035) 7.6–16.6

 Death during ECMO 14 (2909/7783) 42.9 (38.3; 47.7) 91% (< 0.001) 33.4–53.5

 In-hospital mortality 32 (8493/12756) 62.2 (58.8; 65.5) 92% (< 0.001) 40.3–75.2

Stroke

 CNS complications (not specified) 7 (360/2450) 12.5 (13.9; 16.8) 82% (< 0.001) 5.4–19.1

 Cerebral bleeding/hemorrhagic stroke 12 (263/3969) 5.6 (3.4; 9.0) 92% (< 0.001) 2.7–25.4

 Ischemic stroke 13 (414/4371) 9.8 (7.2; 13.1) 89% (< 0.001) 1.4–26.9

 Stroke (not otherwise specified) 10 (206/2704) 8.6 (5.3; 13.5) 91% (< 0.001) 2.3–25.5

Renal failure

 Renal failure 7 (693/1351) 50.5 (31.7; 69.2) 97% (< 0.001) 9.5–85.7

 Renal replacement therapy 23 (4879/11186) 44.3 (39.2; 49.5) 96% (< 0.001) 10.3–70.5

Infections

 Infection (not otherwise specified) 4 (290/1395) 18.8 (14.3; 24.2) 80% (0.002) 13.0–24.7

 Pneumonia 8 (617/2298) 23.7 (16.2; 33.3) 95% (< 0.001) 7.9–61.0

 Sepsis 9 (489/2529) 17.8 (14.3; 21.9) 83% (< 0.001) 6.4–28.2

 MODS 3 (171/584) 24.4 (13.3; 40.4) 93% (< 0.001) 8.9–37.3

Bleeding

 Any bleeding 15 (1971/4523) 48.5 (40.6; 56.4) 96% (< 0.001) 17.8–97.0

 Surgical site bleeding 2 (66/390) 14.9 (3.7; 44.4) 96% (< 0.001) 7.4–27.3

 Cannulation site bleeding 8 (224/1464) 16.8 (11.1; 24.7) 91% (< 0.001) 3.9–28.4

 Gastrointestinal bleeding 6 (74/1335) 5.9 (3.3; 10.5) 84% (< 0.001) 0.9–12.3

 Cardiac tamponade 3 (42/406) 10.5 (7.9; 13.9) 0% (0.423) 8.4–12.7

 Pulmonary hemorrhage 2 (24/305) 8.4 (3.5; 18.7) 79% (0.029) 5.4–12.7

 Disseminated intravascular coagulation 1 (26/148) – – –

 Hemolysis 1 (6/462) – – –

Thrombosis

 Any thrombosis 5 (187/921) 13.4 (6.7; 25.1) 93% (< 0.001) 2.0–34.0

 Limb ischemia 23 (868/5932) 12.2 (8.7; 16.9) 96% (< 0.001) 3.7–43.9

 Limb amputation 5 (19/1368) 1.5 (1.0; 2.3) 0% (0.733) 0.4–1.9

 Arterial thrombosis 1 (63/344) – – –

 Venous thrombosis 1 (11/344) – – –

 Pulmonary embolism 1 (3/203) – – –

Mechanical complications

 Circuit component clots 3 (12/771) 1.8 (0.5; 6.7) 81% (0.006) 0.9–5.7

 Oxygenator replacements 4 (111/1253) 9.0 (3.7; 20.3) 92% (< 0.001) 0.0–25.6
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anticoagulation regime was provided in 17 studies 
(UFH), with the target ACT ranging from 140 to 220, 
and aPTT from 40 to 80 s, see Additional file 1: Table S7. 
None of the studies reported on the use of argatroban or 
other types of anticoagulation as primary anticoagulation 
strategy. Mechanical complications were rather seldom 
reported and affected 123 of 1821 patients, with most of 
them requiring oxygenator replacement (111 patients), 
Table 2.

The publication bias of the studies included in the 
meta-analysis was confirmed using a funnel plot (Fig. 2), 
and with the linear regression test of funnel plot asym-
metry (p = 0.021).

Pooled in-hospital mortality of patients with car-
diogenic shock receiving ECMO support (32 studies, 
12,756 patients) was 62.2% (95% CI 58.8; 65.5) with a 
heterogeneity of I2 = 92% (95%CI 89.9; 93.8; Q = 391.3, 
 Tau2 = 0.151, p < 0.001), Fig. 3. Influence analysis revealed 
one influential study [21], Additional file  1: Figure S1. 
After its exclusion, the remaining 31 studies had 8098 
patients with 5064 events and the pooled in-hospital 

mortality did not change (62%, 95%CI 59; 65, I2 = 87%), 
Additional file  1: Table  S8. Subgroup analyses did not 
show a significant influence of analyzed parameters 
on the overall in-hospital mortality (Additional file  1: 
Table S9).

Univariable meta-regression analyses identified age 
over 60  years (n = 23; b = 0.333; p = 0.013), shorter 
ECMO duration (n = 22; b = −  0.066; p = 0.048) and 
presence of infection (n = 4; b = 0.033; p = 0.017) being 
associated with in-hospital mortality. The cannulation 
site bleeding (n = 8; b = −  0.029; p < 0.001) was associ-
ated with reduced in-hospital mortality, Additional file 1: 
Table S9.

Discussion
The present systematic review and meta-analysis inves-
tigated the use of va-ECMO support in patients with 
refractory cardiogenic shock, including 32 studies with 
12,756 patients. Our work presents the largest up-to-
date analysis on va-ECMO outcomes in adult patients. 
We found a pooled in-hospital mortality as high as 

Fig. 2  Funnel plot with the trim-and-fill method. Solid circles present the analysis of included studies. Open circles indicate missing studies 
imputed by the trim-and-fill method
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62.2%, a slightly higher than reported currently by ELSO 
[5]. Moreover, we demonstrated an age over 60 years, a 
shorter ECMO duration and the presence of an infection 
being associated with an increased in-hospital mortality.

ECMO support and all-cause in-hospital mortality
Despite several randomized controlled trials being 
under way (ECLS-SHOCK-NCT03637205; EURO-
SHOCK-NCT03813134; ECMO-CS-NCT02301819; 
and ANCHOR-NCT04184635), the current evidence 
is based mostly on retrospective studies, systematic 

reviews, and meta-analyses. Moreover, previous meta-
analyses included a rather smaller number of patients 
and reported on significant heterogeneity in the results 
[7, 26]. A meta-analysis from 2015 reported an in-hospi-
tal survival of 40.2% for patients receiving va-ECMO in 
cardiogenic shock and cardiac arrest (16 studies with 841 
patients) [26]. The complication rates were particularly 
high for renal impairment (47.4%), infection (25.1%) and 
neurologic deficits (13.3%) [26]. More recently, another 
meta-analysis on outcomes of va-ECMO for refrac-
tory cardiogenic shock (5292 patients) reported a 43.0% 

Fig. 3  Forest plot: proportion of non-survivors among cardiogenic shock patients requiring extracorporeal membrane oxygenation support
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in-hospital, a 36.7% 1-year, and a 29.9% 5-year survival 
[7]. At a first glance, our in-hospital mortality of 62% 
seems higher than the above-mentioned works. However, 
the current ELSO International Summary of Statistics 
report, including 50,371 ECMO runs in adults, reported 
a comparable 58.2% in-hospital mortality [5]. The on-
support mortality was comparable as well (44.4% vs. 
43% in our work). Furthermore, a recent ELSO database 
analysis of the association between mechanical unload-
ing and va-ECMO outcomes (12,734 patients, mean age 
53.7 years, median ECMO duration 4 days) reported an 
on-support and an in-hospital mortality of 46.2% and 
58.6%, respectively [27]. The discrepancy of in-hospital 
mortality to our work may be partly explained by the 
selection of patients with peripheral cannulation only, 
their age, or the limitations inherent to the ELSO registry 
itself. Therefore, with our large data set, we were able to 
confirm the earlier observed high mortality.

Nearly one-third of the patients (pooled 30.2%, 95% CI 
21.47; 40.7) experienced cardiac arrest before or during 
ECMO implantation. Surprisingly, cardiac arrest did not 
change mortality, which is a rather encouraging finding 
(Additional file  1: Table  S9). These findings should sup-
port clinicians to indicate ECPR in well-selected patients 
and warrants the further emergence of ECPR.

Regardless of decades of research, the efficacy of ECMO 
support in cardiogenic shock has still to be proven. A ret-
rospective trial from the US revealed a low mortality rate 
of 49% in about 800 ECMO runs in patients experienc-
ing cardiogenic shock [11]. Surprisingly, in a matched 
cohort the mortality rate of patients without ECMO was 
as low as 4%. However, this study is limited by matching 
methods and missing the variables describing the clini-
cal severity in both groups. It could be that the patients 
receiving ECMO support were simply sicker. This is in 
contrast to the recent ARREST trial, where Yannopou-
lous et al. observed a strikingly higher rate of survival to 
hospital discharge with va-ECMO support in an ongoing 
cardiac arrest compared to the standard advanced life 
support (43% vs. 7%) [28]. Whether such a benefit or oth-
erwise of va-ECMO therapy compared to the standard 
of care is possible in cardiogenic shock (without cardiac 
arrest) will be evaluated in the ongoing prospective rand-
omized trials EURO-SHOCK and ECLS-SHOCK.

Furthermore, a recent international survey from 60 
countries demonstrated various therapy approaches in 
cardiogenic shock [29]. In the case of acute myocardial 
infarction, about 42% use percutaneous coronary inter-
vention (PCI) if an electrocardiogram is suggestive of 
ischemia, one-third perform PCI to all patients in cardio-
genic shock, whereas one-fifth only if the universal defi-
nition of myocardial infarction criteria are fulfilled. Given 
these different institutional approaches, the comparison 

of mechanical cardiac support in cardiogenic shock to 
therapy without it is hindered. However, the early use 
of revascularization therapy reduced the initially high 
mortality rates, but in-hospital mortality remains signifi-
cant (27–51%) [30]. Despite an overall increase in PCIs, 
Amsterdam et al. recently even described a potential rise 
of mortality from 27% to 30% due to increasing patient 
complexity and care being more often delivered by less 
experienced lower volume centers [31]. Finally, an early 
invasive hemodynamic assessment may help the identifi-
cation of cardiogenic shock phenotype, which is impor-
tant for further treatment, since distinct etiologies may 
respond differently to medical and device-based manage-
ment. Hopefully, the undergoing prospective trials will be 
able to shed light on these important issues.

Complications and adverse events during va-ECMO
Current literature comprises mostly smaller studies offer-
ing a wide range of reported complications, commonly 
without any standardization which may be attributed to 
the presence of different criteria for the identification and 
reporting of adverse events. However, the pooled rate of 
adverse events in our data should more accurately reflect 
the rate of expectable complications.

Comparable to literature, hemorrhage was the second 
most frequent complication in nearly half of the patients, 
which is in line with the largest meta-analysis so far, 
reporting any kind of hemorrhage in 40% [15]. Going 
into greater detail confirmed the cannulation and surgi-
cal area being the most common sites of bleeding [32–
34]. However, the latter findings may be weakened by the 
fact that only one study reported on the use of the ELSO 
bleeding definition [23], despite the definition´s existence 
of more than 8 years.

Recently, a study from Turkey demonstrated a need for 
continuous renal replacement therapy in about one-quar-
ter of 148 patients with refractory cardiogenic shock. In 
contrast to that, we found rates nearly as twice as high 
(44.3% vs. 24.4%) representing the most common com-
plication [35]. Moreover, the same group reported renal 
failure in only 9.5%, which is inconsistent (1) with the 
higher rate of the continuous renal replacement therapy 
in the same study and (2) our findings in 1351 patients 
(renal failure in 50.5%). This may be due to the retrospec-
tive nature of the above-mentioned study. Furthermore, 
these authors used different definitions of renal failure. 
Masha et al. defined acute renal failure as serum creati-
nine increase of more than 1.5  mg/dl with or without 
renal replacement therapy [36]; Rubino et  al. as renal 
impairment requiring continuous renal replacement 
therapy [37]; and Zhigalov et al. as a new renal dysfunc-
tion requiring renal replacement therapy or a rise in 
serum creatinine (greater than three times baseline or 
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greater than 5 mg/dL) [23]. Other authors defined renal 
failure as an acute kidney injury or organ dysfunction, 
failing to provide a more detailed definition [35, 38–40]. 
Finally, our findings are in line with an earlier meta-anal-
ysis on ECMO in cardiogenic shock in nearly three-time 
smaller patient sample compared to ours [10]. Cheng 
et  al. reported a pooled estimate rate for acute kidney 
injury of 55.6%, and need for continuous renal replace-
ment therapy of 46.0%, respectively [10]. The marginal 
alteration in pooled prevalence may be explained by the 
greater availability of evidence due to increased number 
of studies, selection of studies with larger patient sam-
ples, and an overall sample of patients in the present 
analysis. Moreover, the potential impact of technological 
advances and critical care medicine development cannot 
be completely excluded.

The low rate of thrombosis is most probably due to an 
underestimation of thrombotic events and lacking of reg-
ular radiological investigations or post-mortem examina-
tions in the majority of the predominantly retrospective 
studies [41].

Risk factors for mortality
Univariable meta-regression analyses identified age over 
60 years, shorter ECMO duration and presence of infec-
tion as variables associated with in-hospital mortality. 
The studies reporting a higher incidence of cannula-
tion site bleeding were unexpectedly associated with a 
reduced in-hospital mortality.

The role of the age in va-ECMO support of patients 
with cardiogenic shock remains controversial. Accord-
ing to the ELSO guidelines, there is no defined age cut-
off, but an age-related risk should be considered [4, 42]. 
In the case of a COVID-19-related ECMO indication, 
ELSO defined an age of more than 65 years as a relative 
and an even higher age as an absolute contraindication 
for ECMO initiation [43]. A recent retrospective study 
pointed out the importance of a patient-oriented and 
individualized approach in decision-making related to 
ECMO support initiation, arguing against the use of any 
age-related cutoffs [44]. In our work, an age of more than 
60 years (median age of reported population), was asso-
ciated with increased mortality (Additional file 1: Figure 
S2). However, as age alone should not be a risk factor, 
decision-making should be focused on the severity of the 
disease in combination with comorbidities, frailty, and 
rehabilitation potential [44, 45].

We found a shorter ECMO support duration being 
associated with an increased mortality, which is presum-
ably rather a consequence than a mortality influencing 
factor itself. Most likely the share of patients with shorter 
than average ECMO runs will experience the more severe 
underlying pathologies. A further possible explanation 

may be the presence of the immortal time bias, as 
patients dying early on ECMO support may not have had 
enough time for organ recovery [46]. Moreover, the sick-
est patients may die anyway, regardless of ECMO sup-
port. Finally, despite the different setting in vv-ECMO, 
these findings are consistent with a meta-analysis report-
ing on vv-ECMO [47].

Our meta-analysis revealed the presence of infection as 
another risk factor for increased mortality which is based 
on the data from only four studies. Even with scant evi-
dence on infection during ECMO support, the ELSO reg-
istry analysis reported a prevalence of 10–12% [48–50]. 
Our higher pooled incidence of 18% may be explained 
by a still small patient sample and seldom reporting on 
infections as complications of ECMO support. Clearly, 
further research should focus on more detailed report-
ing of infections (local and systemic) and its influence on 
outcomes.

Finally, studies with lower overall mortality reported 
a higher incidence of cannulation site bleeding. This is 
surprising as one would assume the opposite. However, 
as longer va-ECMO is needed, the possibility of adverse 
events in general may increase, including cannulation site 
bleeding. Moreover, the delayed minor bleeding during 
the ECMO course may be associated with a longer anti-
coagulation exposure and cumulative risk of hemorrhage. 
The meta-regression did not identify further factors that 
could be associated with mortality (Additional file  1: 
Table S9).

Strengths and limitations
The strengths of this work include robust inclusion and 
clear exclusion criteria. Our work included 32 publica-
tions with 12756 patients from almost all continents with 
at least fair quality of data. Moreover, we controlled for 
potential overlapping of patients within different stud-
ies, by excluding the studies from the same institutions 
and from the ELSO registry. Despite all the benefits 
international registers might provide, these results may 
not completely represent the real-life situation world-
wide, as notification and selection bias may affect stud-
ies based on a big database. The inclusion of patients in 
the ELSO register is voluntary, and sites participating in 
the network are not a random sample of all centers uti-
lizing ECMO support, but selected centers which guar-
anteed their membership by paying the membership fee 
[51]. Recent research of the Society of Thoracic Surgeons 
databases suggested that selected participant centers 
may improve quality and outcomes, simply by the feed-
back of collected data, consequently increasing insti-
tutional awareness and self-examination, making these 
systematically different from nonparticipant centers [52]. 
Therefore, our study presents the result of a predefined 
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and systematically conducted search of two large interna-
tional scientific databases, where authors can make their 
work available to the widest audience, independent of 
their status. Finally, this work is reported according to the 
recommendations of the PRISMA checklist, addressing 
all 27 items (Additional file 1: Table S1).

Nevertheless, this work has several limitations. The 
quality of our results is as strong as all included stud-
ies, given the retrospective and single-center nature of 
most of the studies. Publication and retrieval bias may 
have arisen, as studies may neither be available, nor pub-
lished in the searched databases. Moreover, we excluded 
all studies reporting on less than 100 patients, to reduce 
the influence of case reports and small studies on the 
overall outcome. The majority of studies reported on 
adverse events missed to precisely define the outcome 
of interest, making a comparison between the studies at 
least complex. The ELSO definition of major and minor 
bleeding was used in only one study. Moreover, recom-
mendations on reporting on outcomes and adverse 
events during ECMO are still missing, in contrast to the 
minimum reporting criteria for cardiopulmonary bypass 
[53]. The diversity of study questions led to different 
variable reporting, so well-established scores to evalu-
ate the severity of the underlying disease were rather sel-
dom reported (SOFA score, APACHE II, SAPS II or III). 
Furthermore, the majority of reported factors included 
between 6 and 12 data points. This may reduce the 
strength of the potential association between examined 
factors and in-hospital mortality.

Heterogeneity is a well-known limitation of observa-
tional retrospective studies, and the high heterogeneity 
levels observed implied the increased variance of ana-
lyzed studies. Therefore, the result of our analysis should 
be interpreted with caution, as the meta-analytic portion 
of our work may be limited by heterogeneity observed 
across studies.

Moreover, we cannot clarify if the observed rates of 
some adverse events reflect the consequence of ECMO 
itself or the severity of underlying disease independent of 
ECMO. It is most likely that complications such as can-
nulation site bleeding, limb ischemia, and amputation are 
more directly related to ECMO procedure, whereas renal 
failure, infections, and stroke may be consequences of 
cardiogenic shock, and joint effects of comorbidities and 
critical illness.

Conclusions
Despite the high rates of mortality in refractory cardio-
genic shock, ECMO support can prolong the therapeu-
tic window potentially allowing the heart to recover. 

This large meta-analysis comprising 12756 patients 
identified a pooled in-hospital mortality of 62%. Fur-
thermore, patient age, presence of infection and shorter 
ECMO support duration have been shown to be inde-
pendently associated with an increased in-hospital 
mortality. Moreover, adverse events during ECMO 
support are frequent and with potential for permanent 
injury or death. Renal failure with the need for renal 
replacement therapy and bleeding occurrence are the 
complications with the highest incidence. Protocols 
and techniques must be developed to reduce the rate of 
adverse events. Furthermore, use of pre-defined report-
ing criteria on ECMO is warranted. Finally, randomized 
trials are necessary to demonstrate the effectiveness of 
va-ECMO in cardiogenic shock.
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