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Abstract 

Background: Severe COVID‑19 induced acute respiratory distress syndrome (ARDS) often requires extracorpor‑
eal membrane oxygenation (ECMO). Recent German health insurance data revealed low ICU survival rates. Patient 
characteristics and experience of the ECMO center may determine intensive care unit (ICU) survival. The current study 
aimed to identify factors affecting ICU survival of COVID‑19 ECMO patients.

Methods: 673 COVID‑19 ARDS ECMO patients treated in 26 centers between January 1st 2020 and March 22nd 2021 
were included. Data on clinical characteristics, adjunct therapies, complications, and outcome were documented. 
Block wise logistic regression analysis was applied to identify variables associated with ICU‑survival.

Results: Most patients were between 50 and 70 years of age.  PaO2/FiO2 ratio prior to ECMO was 72 mmHg (IQR: 
58–99). ICU survival was 31.4%. Survival was significantly lower during the 2nd wave of the COVID‑19 pandemic. A 
subgroup of 284 (42%) patients fulfilling modified EOLIA criteria had a higher survival (38%) (p = 0.0014, OR 0.64 (CI 
0.41–0.99)). Survival differed between low, intermediate, and high‑volume centers with 20%, 30%, and 38%, respec‑
tively (p = 0.0024). Treatment in high volume centers resulted in an odds ratio of 0.55 (CI 0.28–1.02) compared to low 
volume centers. Additional factors associated with survival were younger age, shorter time between intubation and 
ECMO initiation, BMI > 35 (compared to < 25), absence of renal replacement therapy or major bleeding/thromboem‑
bolic events.

Conclusions: Structural and patient‑related factors, including age, comorbidities and ECMO case volume, deter‑
mined the survival of COVID‑19 ECMO. These factors combined with a more liberal ECMO indication during the 2nd 
wave may explain the reasonably overall low survival rate. Careful selection of patients and treatment in high volume 
ECMO centers was associated with higher odds of ICU survival.

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco 
mmons. org/ publi cdoma in/ zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Open Access

*Correspondence:  Meybohm_P@ukw.de

1 Department of Anaesthesiology, Intensive Care, Emergency and Pain 
Medicine, University Hospital Wuerzburg, Oberduerrbacherstr. 6, 
97080 Würzburg, Germany
Full list of author information is available at the end of the article

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13054-022-04053-6&domain=pdf


Page 2 of 14Herrmann et al. Critical Care          (2022) 26:190 

Introduction
The COVID-19 pandemic is challenging intensive care 
providers due to severe and prolonged cases of COVID-
19 induced acute respiratory distress syndrome (ARDS). 
Compromised gas exchange may deteriorate despite 
maximum medical care, whereas veno-venous extracor-
poreal membrane oxygenation (VV ECMO) offers the 
chance to uphold oxygenation, carbon dioxide removal 
and rest the lungs. Although ECMO provides a rescue 
strategy and bridge to recovery, its use is resource inten-
sive and can be associated with serious complications. In 
Germany, ECMO utilization had already increased mani-
fold prior to the COVID-19 pandemic [1].

Need and indications of ECMO support are not uni-
versally defined but vary between centers and resource 
availability. In a pandemic ECMO use likely follows a 
U-shaped curve. A high number of patients are treated 
as COVID-19 numbers rise, decrease when hospi-
tal strain exceeds their capabilities and may rise again 
as strain eases [2]. In contrast to other countries, the 

German health care system was not overloaded during 
the COVID-19 pandemic [3]. In this context, patients 
with a lower, but reasonable probability of survival 
received ECMO support and numerous low to high vol-
ume ECMO centers treated COVID-19 ARDS patients. 
Recent health insurance data including more than 4000 
VV ECMO patients surprisingly revealed a hospital 
survival rate of only 34%, thus further detailed struc-
tural and patient related analyses are urgently needed 
[4].

The continuous provision of organizational structures 
for successful ECMO therapy is challenging and during 
the pandemic less experienced centers have been faced 
with an increased number of ECMO patients, necessi-
tating careful planning and training [5]. In this regard, 
effectiveness of low volume centers had already been 
questioned in non-COVID ECMO. In previous stud-
ies, admission to hospitals treating more than 30 [6] or 
more than 50 [7] ECMO patients per year was associ-
ated with a lower mortality in veno-arterial ECMO 

Trial registration: Registered in the German Clinical Trials Register (study ID: DRKS00022964, retrospectively registered, 
September 7th 2020, https:// www. drks. de/ drks_ web/ navig ate. do? navig ation Id= trial. HTML& TRIAL_ ID= DRKS0 00229 
64.
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(VA ECMO). However, volume-outcome relationships 
have been less frequently defined in VV ECMO. An 
analysis of the Extracorporeal Life Support Organiza-
tion Registry found no significant association between 
center volumes and patient survival in non-COVID 
respiratory assist [6]. Nonetheless, a position paper 
of renowned experts recommended that respiratory 
ECMO programs should treat at least 20 patients per 
year, including 12 respiratory cases [8]. Moreover, a 
recent study found that centers with longer experience 
with COVID-19 ECMO had a lower mortality rate rela-
tive to centers that started COVID-19 ECMO at a later 
timepoint [9].

We performed a multicenter study aiming to deline-
ate the characteristics of ECMO therapy for COVID-
19 induced ARDS, as well as to identify structural and 
patient-related factors independently associated with 
early survival of intensive care unit (ICU) treatment.

Material and methods
Study design and patient population
This is a retrospective observational study. Consecu-
tive patients with SARS-CoV-2 infection confirmed with 
real-time reverse transcriptase polymerase chain reac-
tion (RT-PCR) testing suffering from ARDS treated with 
ECMO at 26 ECMO centers across Germany between 
January 1st 2020 and March 22nd 2021 were included 
(Additional file 1: Figure S1). Hospitals in Germany uti-
lizing COVID-19 ECMO support were invited to enter 
patient data into the register. The register continuously 
collects observational, multi-center data to recognize 
structural- and patient-related risk factors, complica-
tions, treatment effects and the outcome of COVID-19 
ECMO patients.

Indication of ECMO
Indications of ECMO support were at the discretion of 
the respective centers according to their in-house stand-
ards. Indications were classified as hypoxemia, hypercap-
nia, lung protective ventilation, right heart failure, left 
heart failure, cardiopulmonary resuscitation, or pulmo-
nary embolism.

Data collection and variable definition
Data were documented by the treating physicians within 
a standardized electronic case report form (RedCap®, 
Vanderbilt University).

Bleeding events were assessed according to definitions 
by Schulman et  al. [10] and Kaatz et  al. [11]. Thrombo-
embolic events were included if diagnosed by standard-
ized ultrasound examinations or CT scans.

Outcomes and subgroups
The primary endpoint was survival at ICU discharge. 
Experience of the ECMO centers as a structural crite-
rion was categorized according to the number of VV 
ECMO performed in 2019 as follows: low (< 20), inter-
mediate (20–49) and high (≥ 50). In 6 centers this infor-
mation was not available, thus, the center`s experience 
was estimated based in the number of COVID ECMOs 
in the observation period.

Statistical analysis
Descriptive statistics are expressed as median (IQR) 
for continuous variables and as frequencies for cat-
egorical variables (including a category for missing 
data). Differences between groups were tested using 
the Mann–Whitney U test (continuous variables), χ2 
test (categorical variables) or Fisher’s exact test (cat-
egorical variables with observed frequencies < 5), as 
appropriate. In a subgroup analysis, modified EOLIA 
trial inclusion criteria were applied to evaluate the 
impact of liberal vs. restrictive patient selection [12]. 
These subgroup criteria were defined as use of ECMO, 
age ≤ 70  years, mechanical ventilation for less than 
8  days prior to ECMO, body mass index ≤ 45  kg/m2, 
absence of malignancies and no history of myocardial 
infarction, congestive heart failure, chronic pulmonary 
disease, and moderate to severe liver or kidney dis-
ease. We used logistic regression analyses to determine 
variables associated with mortality during stay at ICU 
and estimated odds ratios (ORs) with corresponding 
95% confidence intervals (CIs). We selected variables 
a priori based on clinical background knowledge and 
assigned them to blocks reflecting the clinical course 
over time. We adjusted the models block-wise in four 
additional blocks: 1. demographics, risk factors and 
comorbidities (age, sex, BMI and immunosuppression 
within 6 months prior to admission); 2. severity of dis-
ease (intubation prior to ECMO and EOLIA criteria); 3. 
ECMO case volume, and 4. complications (major bleed-
ing or thromboembolic events, secondary bacterial 
infection and renal replacement therapy). The quality of 
the models was assessed using the Akaike information 
criterion (AIC). Due to the high number of missing val-
ues within distinct variables, missingness was consid-
ered as a separate category in the primary analysis. We 
applied the following sensitivity analyses for the model: 
EOLIA criteria fulfilled or not, and complete case anal-
ysis. Data analysis was performed with R version 4.1.0. 
Statistical significance was determined at an α level of 
0.05 (two-tailed).
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Ethics
The Ethics Committee of the Medical Faculty of the 
Julius-Maximilians-University of Wuerzburg approved 
the study protocol (131/20-me). Additional local eth-
ics committee votes were obtained from each of the 
participating ECMO centers. According to German 
legislation, no informed consent for retrospective, 
anonymous data is required and informed consent was 
waived by the ethics committee. This study was regis-
tered in the German Clinical Trials Register (study ID: 
DRKS00022964, retrospectively registered, September 
7th 2020, https:// www. drks. de/ drks_ web/ navig ate. do? 
navig ation Id= trial. HTML& TRIAL_ ID= DRKS0 00229 
64).

Results
Patient population
Of 925 patients treated between January 1st 2020 and 
March 22nd 2021, routine data from 743 patients were 
documented and 673 complete datasets were available 
at the first database closure on March 22, 2021 (Fig. 1). 
Intermediate volume centers treated 329 (49%), high vol-
ume centers 248 (37%), and low volume centers 96 (14%) 
patients.

Table  1(1) depicts demographics, risk factors and 
comorbidities. 535 (79%) were male, median BMI was 29 

(IQR: 27–35). Most study patients were between 41 and 
70  years (86%). The most frequent comorbidities were 
cardiovascular diseases (62%), diabetes mellitus (28%), 
and chronic pulmonary disease (15%). Immunosup-
pression was the only comorbidity significantly associ-
ated with mortality. 284 (42%) patients fulfilled modified 
EOLIA criteria, whereas 389 (58%) did not.

In low volume centers, less patients fulfilled modified 
EOLIA criteria and had higher SOFA scores at the time 
of ECMO initiation. During therapy, high volume cent-
ers reported significantly less bleeding/thromboembolic 
events, less secondary bacterial infections, and a lower 
need for renal replacement therapy (Table 2).

Pre‑ECMO characteristics
Additional file  1: Table  S1 shows parameters of gas 
exchange prior to ECMO initiation. Median  PaO2/FiO2 
ratio prior to ECMO initiation was 72  mmHg (IQR: 
58–99), indicating severe ARDS according to the BER-
LIN definition [13]. There was no statistically significant 
difference in  PaO2 (69 mmHg vs. 67 mmHg),  SpO2 (92% 
vs. 91%) and pH (7.28 vs. 7.27) between survivors vs. 
non-survivors prior to ECMO (data not shown). On aver-
age, SARS-CoV-2 was diagnosed 2 days (IQR: 0–6) prior 
to ICU admission. Duration between hospital to ICU 
admission was 1 day (IQR: 0–3) (data not shown).

Fig. 1 Flowchart patient recruitment

https://www.drks.de/drks_web/navigate.do?navigationId=trial.HTML&TRIAL_ID=DRKS00022964
https://www.drks.de/drks_web/navigate.do?navigationId=trial.HTML&TRIAL_ID=DRKS00022964
https://www.drks.de/drks_web/navigate.do?navigationId=trial.HTML&TRIAL_ID=DRKS00022964
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Table 1 Clinical characteristics of study cohort

n Level Overall—n (%) Survivor—n (%) Non‑survivor—n (%) p
673 (100) 211 (31.4) 462 (68.6)

(1) Demographics, Risk factors, comorbidities

Date of hospital admission 04/2020–06/2020 186 (27.6) 75 (35.5) 111 (24.0) 0.0019

07/2020–03/2021 487 (72.4) 136 (64.5) 351 (76.0)

Age [years] 19–40 50 (7.4) 29 (13.7) 21 (4.6)  < 0.0001

41–70 578 (85.9) 178 (84.4) 400 (86.6)

 > 70 42 (6.2) 4 (1.9) 38 (8.2)

Missing 3 (0.4) 0 (0.00) 3 (0.7)

Sex m 535 (79.5) 161 (76.3) 374 (81,095) 0.3661

w 131 (19.5) 48 (22.8) 83 (18.0)

Missing 7 (1.0) 2 (0.9) 5 (1.1)

BMI [kg/m2]  < 25 81 (12.0) 21 (10.0) 60 (13.0) 0.0414

25–30 263 (39.1) 83 (39.3) 180 (39.0)

30–35 147 (21.8) 43 (20.4) 104 (22.5)

 ≥ 35 157 (23.3) 61 (28.9) 96 (20.8)

Missing 25 (3.7) 3 (1.4) 22 (4.8)

Cardiovascular disease No 226 (33.6) 82 (38.9) 144 (31.2) 0.1323

Yes 416 (61.8) 119 (56.4) 297 (64.3)

Missing 31 (4.6) 10 (4.7) 21 (4.6)

Chronic pulmonary disease No 564 (83.8) 179 (84.8) 385 (83.3) 0.8043

Yes 103 (15.3) 31 (14.7) 72 (15.6)

Missing 6 (0.9) 1 (0.5) 5 (1.1)

Diabetes mellitus No 483 (71.8) 153 (72.5) 330 (71.4) 0.9401

Yes 186 (27.6) 57 (27.0) 129 (27.9)

Missing 4 (0.6) 1 (0.5) 3 (0.7)

Moderate to severe kidney disease No 619 (92.0) 192 (91.0) 427 (92.4) 0.6161

Yes 49 (7.3) 18 (8.5) 31 (6.7)

Missing 5 (0.7) 1 (0.5) 4 (0.9)

Immunosuppression within 6 months 
prior to admission

No 523 (77.7) 158 (74.9) 365 (79.0) 0.0334

Yes 39 (5.8) 8 (3.8) 31 (6.7)

Unknown 111 (16.5) 45 (21.3) 66 (14.3)

(2) Severity of disease, laboratory parameters (day 1)

EOLIA criteria Met 284 (42.2) 108 (51.2) 176 (38.1) 0.0014

Not met 389 (57.8) 103 (48.8) 286 (61.9)

Indication of ECMO Hypoxemia 419 (62.3) 126 (59.7) 293 (63.4) 0.5229

Hypercapnia 141 (21.0) 43 (20.4) 98 (21.2)

Lung protective ventilation 48 (7.1) 16 (7.6) 32 (6.9)

Right heart failure 2 (0.3) 1 (0.5) 1 (0.2)

Left heart failure 4 (0.6) 1 (0.5) 3 (0.6)

Cardiopulmonary resuscitation 6 (0.9) 0 (0.0) 6 (1.3)

Pulmonary embolism 3 (0.4) 3 (1.4) 0 (0.0)

Other 9 (1.3) 5 (2.4) 4 (0.9)

Intubation prior to ECMO [days]  < 5 275 (40.9) 102 (48.3) 173 (37.4) 0.0004

5–7 102 (15.2) 20 (9.5) 82 (17.7)

 ≥ 8 179 (26.6) 44 (20.9) 135 (29.2)

No prior intubation 75 (11.1) 33 (15.6) 42 (9.1)

Missing 42 (6.2) 12 (5.7) 30 (6.5)



Page 6 of 14Herrmann et al. Critical Care          (2022) 26:190 

ECMO support
Table 1 and Additional file 1: Table S1 show severity of 
disease, parameters of mechanical ventilation, ECMO 
support and adjunct therapies. ECMO support started 
with a median of 5  days (IQR 1–9) after endotracheal 
intubation (data not shown). Mobile teams transported 
493 patients (73%) from peripheral hospitals to desig-
nated ARDS/ECMO centers. Time between intuba-
tion and commencement of ECMO support was longer 
in low compared to high volume centers. Duration 

between intubation and start of ECMO support was 
significantly different between survivors (2  days, 
IQR 1–8) and non-survivors (5  days, IQR 2–9). Most 
patients were cannulated due to hypoxemia (62%) or 
hypercapnia (21%). In almost 97% of the cases, VV 
ECMO was the mode of choice. The most frequent can-
nulation side was “cervical and femoral” (60%) (data not 
shown).

During ECMO support prone positioning was used 
in 49%, neuromuscular blockers in 42%, therapeutic 

Table 1 (continued)

n Level Overall—n (%) Survivor—n (%) Non‑survivor—n (%) p
673 (100) 211 (31.4) 462 (68.6)

Creatinine [mg/dl]  ≤ 1.17 313 (46.5) 99 (46.9) 214 (46.3) 0.8757

 > 1.17 304 (45.2) 93 (44.1) 211 (45.7)

Missing 56 (8.3) 19 (9.00) 37 (8.0)

Mode of ventilation Spontaneous 18 (2.67) 9 (4.27) 9 (1.95) 0.3042

Assisted 71 (10.55) 19 (9.00) 52 (11.26)

Controlled 544 (80.83) 170 (80.57) 374 (80.95)

Missing 40 (5.94) 13 (6.16) 27 (5.84)

Lung compliance [ml/cm  H2O] 25.5 [18.1, 34.2] 26.0 [17.6, 35.7] 25.4 [18.4, 33.9] 0.7168

(3) ECMO and adjunct therapy

Mode of ECMO VV 651 (96.7) 205 (97.2) 446 (96.5) 0.5104

VA 12 (1.8) 2 (0.9) 10 (2.2)

VVA 10 (1.5) 4 (1.9) 6 (1.3)

Cannula Single lumen 544 (80.8) 153 (72.5) 391 (84.6) 0.0028

Double lumen 52 (7.7) 22 (10.4) 30 (6.5)

Unknown 70 (10.4) 33 (15.6) 37 (8.0)

Missing 7 (1.0) 3 (1.4) 4 (0.9)

Case volume ECMO center [n/year] Low (< 20) 96 (14.3) 19 (9.0) 77 (16.7) 0.0024

Intermediate (20–49) 329 (48.9) 97 (46.0) 232 (50.2)

High (≥ 50) 248 (36.9) 95 (45.0) 153 (33.1)

Duration of ECMO support [h] 312.5 [144.0, 528.0] 336.0 [178.2, 560.8] 300.0 [120.0, 502.5] 0.0046

Prone positioning No 240 (35.7) 64 (30.3) 176 (38.1) 0.1314

Yes 333 (49.5) 111 (52.6) 222 (48.1)

Missing 100 (14.9) 36 (17.1) 64 (13.9)

Therapeutic Anticoagulation No 53 (7.9) 22 (10.4) 31 (6.7) 0.0968

Yes 620 (92.1) 189 (89.6) 431 (93.3)

(4) Complications during ECMO

Major bleeding or thromboembolic 
event

No 231 (34.3) 97 (46.0) 134 (29.0)  < 0.0001

Yes 442 (65.7) 114 (54.0) 328 (71.0)

Secondary bacterial infection (respira‑
tory tract or bloodstream)

No 239 (35.5) 81 (38.4) 158 (34.2) 0.2921

Yes 434 (64.5) 130 (61.6) 304 (65.8)

Renal replacement therapy No 282 (41.9) 123 (58.3) 159 (34.4)  < 0.0001

Yes 391 (58.1) 88 (41.7) 303 (65.6)

Clinical characteristics of study cohort. Clinical characteristics in total population (n = 673) and survivor (n = 211) vs. non-survivor (n = 462). Parameters were slit up 
into blocks: (1) Demographics, Risk factors, Comorbidities; (2) Severity of Disease, Laboratory Parameters (day 1); (3) ECMO and adjunct therapy; (4) Complications 
during ECMO. Descriptive statistics are expressed as frequencies for categorical variables (including a category for missing data). Lung compliance is expressed 
as median (IQR) and data are missing for 34%, since the parameter was recorded in controlled ventilated patients only. Differences between groups were tested 
using the Mann–Whitney U test (continuous variables), χ2 test (categorical variables) or Fisher’s exact test (categorical variables with observed frequencies < 5), as 
appropriate
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anticoagulation in 92% and glucocorticoids in 67% of 
the patients. 58% received renal replacement therapy.

Severe complications were frequent during ECMO 
therapy. Major bleeding or thromboembolic events 
occurred in 66% of the patients. Moreover, secondary 
bacterial respiratory tract or blood stream infections 
occurred in 64%. Major bleeding or thromboembolic 
events and renal replacement therapy were significantly 
associated with poor survival (Table 1). During therapy, 
high volume centers reported significantly less bleeding/
thromboembolic events, less secondary bacterial infec-
tions, and a lower need for renal replacement therapy 
(Table 2).

Outcome
Overall survival to ICU discharge was 31.4%. During the 
1st wave of the COVID-19 pandemic (04/2020-06/2020) 
40.3% survived to ICU discharge, while survival was 
significantly lower during the 2nd wave of the COVID-
19 pandemic (07/2020-03/2021, 27.9%, p = 0.0019; 
Table  1(1), Additional file  1: Figure S2). ICU survival 
was higher, when ECMO therapy started within 5  days 
after endotracheal intubation (Table 1). Survival was sig-
nificantly different between patients fulfilling modified 
EOLIA inclusion criteria (38.0%) and patients not fulfill-
ing these criteria (26.5%) (p = 0.0014) (Table  1). Char-
acteristics of the respective patient cohorts are found in 
Additional file 1: Table S2 and S3. Moreover, survival dif-
fered according to age group, ranging from 58.0% (19–40 
years) to 9.5% (71–80 years) (Table 1). Survival also sig-
nificantly differed according to case volume and was 20% 
for low volume centers, 30% for intermediate volume 
centers and 38% for high volume centers (p = 0.0024), 
respectively (Fig. 2).

Factors affecting survival
Results of the univariate logistic regression and block 
wise logistic regression, containing aspects of demo-
graphics, comorbidities, disease severity, ECMO therapy 
and complications are depicted in Table  3 and Fig.  3. 
Independent risk factors for non-survival included 
higher age with an OR of 2.48 (CI 1.32–4.17)) in patients 
aged 41–70  years and 6.81 (CI 2.13–26.90) in patients 
aged 71–80 compared to 19–40  years. Time periods 
of 5–7  days between intubation and ECMO initiation 
resulted in higher mortality (OR 2.39; CI 1.35–4.37) com-
pared to < 5 days, whereas ≥ 8 days was not an independ-
ent risk factor (OR 1.30; CI 0.76–2.22). Patients fulfilling 
modified EOLIA criteria had an improved chance of sur-
vival with an OR of 0.64 (CI 0.41–0.99). Higher case vol-
ume of the ARDS/ECMO center in the preceding year 
also led to improved chances of survival with an OR of 
0.55 (CI 0.28–1.02) for high compared to low volume 

centers. Interestingly, BMI ≥ 35 compared to BMI < 25 
was also associated with higher chances of survival (OR 
0.51; CI 0.26–0.97). Furthermore, major bleeding or 
thromboembolic events resulted in an OR of 1.70 (CI 
1.12–2.57) for non-survival. Renal replacement therapy 
(OR 2.35; CI 1.60–3.46) was also an independent risk fac-
tor of mortality.

Discussion
In our study analyzing 673 patients treated in 26 Ger-
man ECMO centers without resource constraints, 31.4% 
survived COVID-19 ECMO to ICU discharge. Patients 
younger than 40 years of age, without the need of renal 
replacement therapy, treated in a high volume ECMO 
center were most likely to survive COVID-19 ECMO. 
Moreover, patients without significant comorbidities, ful-
filling modified EOLIA criteria had a significantly higher 
chance of survival. This emphasizes the importance of 
patient selection, identifying those that benefit the most.

VV ECMO use has rapidly increased during the 
COVID-19 pandemic with first studies indicating high 
chances of survival [14, 15]. Data from the Extracorpor-
eal Life Support Organization (ELSO) Registry, Greater 
Paris, the US and Chile showed 90-day-survival rates 
ranging between 46 and 65% [14–18]. Accordingly, a 
recent meta-analysis reported a survival rate of 62.9% 
until hospital discharge [19]. In the current retrospective 
analysis, survival was lower but comparable with pre-
liminary analyses of German health care insurance data, 
reporting in-hospital mortalities of 73% and 66% [4, 20]. 
However, survival depends on multiple factors including 
local resource allocation, patient inclusion criteria, tim-
ing of ECMO initiation, as well as experience of the cent-
ers. These factors varied between health care systems. 
Most importantly, none of the participating German 
ECMO centers experienced resource constraints or had 
to triage during the pandemic.

In our cohort, a high proportion of comorbid patients 
aged above 60 years were treated with ECMO. Although 
age per se is not an adequate cutoff parameter for any 
therapeutic intervention, our data indicate a very poor 
outcome in the elderly. Risk of non-survival progressively 
increased with age. Only 9.5% of COVID-19 patients 
older than 70  years survived ECMO therapy. Multiple 
studies have confirmed that increasing age is associated 
with a higher risk of death which has been explained by 
an increasing number of comorbidities [5, 14, 15, 17, 
20]. However, only immunosuppression within 6 months 
prior to admission was associated with decreased sur-
vival. Therefore, increasing age can be considered as an 
independent risk factor and COVID-19 patients older 
than 70 years are significantly less likely to survive ECMO 
treatment.
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Table 2 Case volume‑dependent characteristics in study cohort

Survival, disease severity according to SOFA score, time between intubation and ECMO cannulation, incidence of complications (Major bleeding or thromboembolic 
events, secondary bacterial infection, renal replacement therapy) dependent on annual case volume. Results for SOFA score are given within ranges (0–9, 9–12, 12–15, 
15–21). Descriptive statistics are expressed as frequencies for categorical variables (including a category for missing data). Differences between groups were tested 
using the Mann–Whitney U test (continuous variables), χ2 test (categorical variables) or Fisher’s exact test (categorical variables with observed frequencies < 5), as 
appropriate

Low (< 20) n/(%) Intermediate (20–49) 
n/(%)

High (≥ 50) n/(%) p

Total 96 (14.3) 329 (48.9) 248 (36.9)

Survivor 19 (19.8) 97 (29.5) 95 (38.3) 0.0024

EOLIA criteria fulfilled 27 (28.1) 146 (44.4) 111 (44.8) 0.0106

SOFA (day 1)

0–9 32 (33.3) 31 (9.4) 64 (25.8) 0.0005

9–12 20 (20.8) 91 (27.7) 21 (8.5)

12–15 15 (15.6) 71 (21.5) 4 (1.6)

15–21 10 (10.4) 75 (22.8) 1 (0.4)

Missing 19 (19.8) 61 (18.5) 158 (64.7)

Intubation prior to ECMO [days]

 < 5 25 (26.0) 171 (52.0) 79 (32.9) 0.0005

5–7 21 (21.9) 51 (15.5) 30 (12.1)

 ≥ 8 46 (47.9) 87 (26.4) 46 (18.5)

No prior 1 (1.0) 9 (2.7) 65 (26.2)

Missing 3 (3.1) 11 (3.3) 28 (11.3)

Major bleeding or thromboembolic events 70 (72.9) 254 (77.2) 112 (45.2)  < 0.0001

Secondary bacterial infection (respiratory tract or 
bloodstream)

69 (71.9) 253 (76.9) 112 (45.2)  < 0.0001

Renal replacement therapy 64 (66.7) 208 (63.2) 119 (48.0) 0.0002

Fig. 2 Volume‑outcome relationship of COVID‑19 ECMO. Case volume. Case volume vs. survival in low (n = 96, survival 20%), intermediate (n = 329, 
survival 30%) and high volume (n = 248, survival 38%) ECMO centers. Annual case volumes prior to the pandemic were defined as low (< 20/year), 
intermediate (20–49/year) and high (> 50/year). Lower lines (ECMO ICU discharged alive) depict the percentage of patents discharged alive from 
the ECMO providing ICU. ICU discharge destinations were mainly other ICUs (40%), rehabilitation facilities (33%), or general wards (23%) (data not 
shown)



Page 9 of 14Herrmann et al. Critical Care          (2022) 26:190  

To further delineate the impact of patient selection, 
we applied modified inclusion criteria of the EOLIA trial 
to our dataset by excluding patients older than 70 years 
and significant comorbidities. These patients accounted 
for a total of 42% of the study cohort, whereas survival 
significantly increased to 38.0%. Nevertheless, survival 

was still lower compared to a similar cohort from Greater 
Paris [15]. Hence, additional factors must explain this 
discrepancy. A larger proportion of patients not fulfill-
ing the modified EOLIA criteria were treated at low 
volume centers (72%) compared to high volume centers 
(55%), suggesting that high volume centers used stricter 

Table 3 Blockwise logistic regression

Variables associated with mortality during ICU stay and odds ratios (ORs) with corresponding 95% confidence intervals (CIs) in blockwise logistic regression. Variables 
were selected a priori based on clinical background and assigned to blocks reflecting the clinical course over time. References for each variable are indicated (ref ). 
Models were adjusted in four blocks: 1. Demographics, Risk factors and Comorbidities; 2. Severity of disease; 3. ECMO case volume, and 4. Complications. Step-wise 
integration of blocks into the model is depicted in the table from the left (block 1 only) to the right (block 1–4). The quality of the models was assessed using the 
Akaike information criterion (AIC). Statistical significance was determined at an α level of 0.05 (two-tailed)

Blocks adjusted Block 1 Block 1–2 Block 1–3 Block 1–4

Variable Units OR CI 95 OR CI 95 OR CI 95 OR CI 95

1. Demographics, risk factors, comorbidities

Age [years] 19–40 Ref Ref Ref Ref

41–70 3.11 [1.71;5.78] 2.75 [1.49;5.15] 2.71 [1.46;5.10] 2.48 [1.32;4.71]

 > 70 12.31 [4.07;46.66] 8.70 [2.78;33.78] 8.28 [2.63;32.25] 6.81 [2.13;26.90]

Missing 2,329,070.78 [0.00;NA] 2,976,862.44 [0.00;NA] 3,313,285.99 [0.00;NA] 1,813,873.83 [0.00;NA]

Sex m Ref Ref Ref Ref

w 0.87 [0.57;1.34] 0.79 [0.51;1.24] 0.78 [0.50;1.23] 0.87 [0.55;1.38]

Missing 0.89 [0.18;6.34] 1.06 [0.22;7.66] 0.97 [0.20;7.03] 1.12 [0.21;8.39]

BMI [kg/m2]  < 25 Ref Ref Ref Ref

25–30 0.63 [0.35;1.13] 0.65 [0.35;1.17] 0.65 [0.35;1.18] 0.62 [0.33;1.13]

30–35 0.70 [0.37;1.32] 0.71 [0.37;1.35] 0.73 [0.38;1.40] 0.74 [0.38;1.43]

 ≥ 35 0.54 [0.29;0.99] 0.57 [0.30;1.07] 0.57 [0.30;1.06] 0.51 [0.26;0.97]

Missing 2.49 [0.74;11.48] 3.16 [0.91;14.85] 3.13 [0.89;14.84] 3.25 [0.90;15.77]

Immunosup‑
pression within 
6 months prior to 
admission

No Ref Ref Ref Ref

Yes 1.82 [0.84;4.44] 1.69 [0.76;4.16] 1.75 [0.78;4.34] 1.44 [0.63;3.63]

Unknown 0.61 [0.39;0.95] 0.73 [0.42;1.31] 0.76 [0.42;1.36] 0.77 [0.41;1.44]

2. Severity of disease

Intubation prior to 
ECMO [days]

 < 5 Ref Ref Ref

5–7 2.67 [1.54;4.81] 2.65 [1.52;4.81] 2.39 [1.35;4.37]

 ≥ 8 1.31 [0.79;2.18] 1.26 [0.75;2.10] 1.30 [0.76;2.22]

No prior intubation 0.88 [0.45;1.73] 1.12 [0.55;2.33] 1.90 [0.87;4.25]

Missing 1.57 [0.76;3.43] 1.86 [0.88;4.13] 1.93 [0.89;4.42]

EOLIA criteria Liberal Ref Ref Ref

Restrictive 0.62 [0.40;0.95] 0.62 [0.40;0.95] 0.64 [0.41;0.99]

3. ECMO Case 
volume

Low Ref Ref

Medium 0.81 [0.44;1.44] 0.79 [0.42;1.43]

High 0.53 [0.28;0.97] 0.55 [0.28;1.02]

4. Complications

Major bleeding or 
thromboembolic 
event

No Ref

Yes 1.70 [1.12;2.57]

Secondary 
bacterial infection 
(respiratory tract or 
bloodstream)

No Ref

Yes 0.75 [0.48;1.16]

Renal replacement 
therapy

No Ref

Yes 2.35 [1.60;3.46]

AIC 815.24 804.94 803.01 780.89
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ECMO inclusion criteria. High volume centers selected 
patients with lower scores of organ dysfunction/failure, 
started ECMO support earlier and had lower compli-
cation rates. Most importantly, chance of survival was 
doubled in high compared to low volume centers. It has 
previously been demonstrated that ECMO treatment in 
specialized high-volume ECMO centers benefits survival 
in non-COVID-19 ARDS [22, 23]. Similar, non ECMO 
critically ill patients also benefit from treatment in high 
volume centers [24]. Furthermore, early adopting hospi-
tals starting COVID-19 ECMO prior to May 2020 have 
been shown to achieve better outcomes compared to new 
centers performing [9]. Most patients were treated dur-
ing the 2nd wave of the pandemic when first virus vari-
ants were observed [21]. In  situations requiring specific 
care and technical complex therapies such as ECMO, the 
outcome-volume relationship is pronounced, and organi-
zational challenges may exaggerate during the COVID-19 
pandemic. Hence, our data support the conclusion that 
patients should be treated in high-volume centers when-
ever possible.

In addition, commencement of ECMO therapy < 5 days 
after intubation is desirable. Mortality increased if 
ECMO started later than this time point. These results 
are in line with data from Greater Paris [15]. However, 
considering the results of the multivariate analysis, the 

effect of early ECMO initiation is interdependent with 
other contextual factors. In similar fashion, our results 
regarding a beneficial effect of class II obesity are limited. 
BMI > 35 was only compared to BMI < 25 and not against 
healthy weight and underweight patients. Neverthe-
less, our result is in line with current evidence suggest-
ing improved 90-day survival in obese COVID-19 ECMO 
patients [25] or corroborating that obesity is not a risk 
factor for a worse outcome [26].

Considering complications of ECMO therapy, major 
bleeding or thromboembolic events were frequent and 
contributed to a poor outcome. ECMO requires systemic 
anticoagulation and bleeding dominates coagulation 
abnormalities [27]. Thromboembolic events did not sig-
nificantly alter survival, although they have been associ-
ated with a higher risk of death in COVID-19 [28].

The use of renal replacement therapy was also associ-
ated with higher odds of non-survival. Contribution of 
ECMO to acute kidney injury is unknown [29], however, 
independent of ECMO, kidney failure is a marker of dis-
ease severity and associated with increased COVID-19 
in-hospital mortality [30, 31]. Early detection of renal 
dysfunction in COVID-19 ARDS is crucial and the pres-
ence of renal replacement can be included as a risk factor 
of non-survival when evaluating the chances of bridging 
to recovery.

ref.: low case volume (<20)

0.1 1 10

renal replacement therapy

secondary bacterial infection

major bleeding or thromboembolic event

high case volume (≥50)

intermediate case volume (20-49)

restrictive EOLIA criteria

no prior intubation

intubation prior to ECMO ≥8 days

intubation prior to ECMO 5-7 days

immunosuppression prior to admission

BMI ≥35

BMI 30-35

BMI 25-30

female sex

age >70

age 41-70

Odds ratio

1. demographics,
risk factors,
comorbidities

2. severity of
disease

3. ECMO case
volume

4. complications

ref.: age 19-40

ref.: BMI <25

ref.: no history of
immunosuppression

ref.: low case volume (<20)

ref.: no event

ref.: no infection

ref.: no therapy

ref.: age 19-40

ref.: male sex

ref.: BMI <25

ref.: BMI <25

ref.: intubation to ECMO <5 days

ref.: intubation to ECMO <5 days

ref.: intubation to ECMO <5 days

ref.: liberal EOLIA criteria

Fig. 3 Risk factors for mortality. Adjusted odds ratios (OR) and 95% confidence intervals (CI) of risk factors for mortality according to the final model 
of block wise logistic regression (Table 3, Block 1–4). References for each variable are indicated (ref )



Page 11 of 14Herrmann et al. Critical Care          (2022) 26:190  

Strengths of our study include a large patient sample 
on a nationwide level recruited from low to high vol-
ume ECMO centers without resource constraints. Highly 
granular patient data collected during the entire course 
of ECMO support allowed a comprehensive analysis of 
risk factors. Sensitivity analysis allowed the evaluation 
of data quality and block wise regression permitted the 
identification of independent risk factors of non-sur-
vival (Additional file  1: Table  S4). Limitations include 
the impossibility of external validation of the submitted 
patient data or structural criteria of the participating 
centers. Approximately 200 German hospitals performed 
COVID-19 ECMO [32], of which 26 entered data in the 
COVID-19 ECMO register, mainly due to the lack of 
staffing. Our dataset did not include changes of ECMO 
or cannulation modes during treatment. Moreover, 
our observation period was limited to intensive care in 
the ECMO providing ICU and did not include onset of 
COVID-19 related symptoms, time-to-event data, long-
term follow-up, or cause of death.

Conclusion
Careful selection of patients and high standards of care 
are necessary to maximize and justify ECMO support 
in COVID-19 ARDS. Survival of COVID-19 ECMO was 
underwhelming in elderly patients, in patients not fulfill-
ing modified EOLIA inclusion criteria as well as those 
treated in low volume ECMO centers. These factors com-
bined with a more liberal ECMO indication during the 
2nd wave may explain the reasonably overall low survival 
rate. The observed volume-outcome relationship further 
suggests that ECMO allocation should prefer intermedi-
ate to high volume centers and patients should be trans-
ported to these centers whenever possible.
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