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Background: Extracorporeal membrane oxygenation (ECMO) in patients with coronavirus disease 2019 
(COVID-19) showed reasonable outcomes. However, recent studies indicated a negative trend and analysis is 
needed. 
Methods: Baseline characteristics, laboratory parameters, and outcomes of ECMO-supported patients 
with COVID-19 were analyzed in a retrospective single-center study. We included hospital admissions until 
February 28, 2021; patients were followed until discharge/death. Eventually, we compared data between 
patients hospitalized before and after September 1, 2020. 
Results: Median age of patients treated with ECMO (n=39) was 56 years; most patients were males (n=28, 
72%). Median mechanical ventilation time (prior to ECMO) was 6 days, while the median ECMO duration 
was 19 days. Overall survival rate was 41%. In the sub-analysis, survival until discharge in the first and 
second epidemic waves was 53% (n=19) and 30% (n=20), respectively (P=0.2). At baseline, compared with 
patients of the first wave, those of the second wave had higher median body mass index (28.2 vs. 31.1 kg/m2,  
respectively, P=0.02), bicarbonate (27 vs. 31.8 mmol/L, respectively, P=0.033), plasma free hemoglobin (36 
vs. 58 mg/L, respectively, P=0.013), alanine aminotransferase (33 vs. 52 U/L, respectively, P=0.018), and 
pH (7.29 vs. 7.42, respectively, P=0.005), lower rate of pulmonary hypertension (32% vs. 0%, respectively, 
P=0.008), lower positive end-expiratory pressure (14 vs. 12 cmH2O, respectively, P=0.04), longer median 
ECMO duration (16 vs. 24.5 days, respectively, P=0.074), and more frequent major bleeding events (42% vs. 
80%, respectively, P=0.022).
Conclusions: ECMO-supported patients with COVID-19 had an overall survival rate of 41%. Similar 
to international registries, we observed less favorable outcomes during the second wave. Further research is 
needed to confirm this signal and find predictors for mortality. 
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Introduction

The rapid spread of coronavirus disease 2019 (COVID-19) 
dramatically affected international healthcare delivery 
with a high proportion of patients requiring respiratory 
support and intensive care unit (ICU) admission (1,2). 
Several studies reported high ICU mortality rates ranging 
from 31% to 42% (3). Acute respiratory distress syndrome 
(ARDS) is a common complication which contributed to 
the high mortality rates reported in previous studies (4). 
In some patients with severe ARDS or acute respiratory 
failure, conventional therapies (e.g., MV) are not successful 
and extracorporeal membrane oxygenation (ECMO) 
therapy is indicated (5,6). Even though ECMO is a 
complex therapy provided only by specialist centers with 
sufficient resources (7), the Extracorporeal Life Support 
Organization (ELSO) guidelines recommended its use in 
carefully selected patients (8). This recommendation was 
supported by an early analysis including 1,035 ECMO-
supported patients with COVID-19 that showed reasonable 
results with a 90-day mortality of 37.4% (9). Furthermore, 
a meta-analysis including nearly 1900 patients reported 
a mortality rate of 37.1% (10). These findings were 
comparable to mortality rates in non-COVID-19 related 
ARDS patients (11). 

A second wave of critically ill patients with COVID-19 
arose in Germany after September 2020; however, literature 
on ECMO outcomes since the second pandemic wave is 
limited. Meanwhile, the updated guidelines published by 
the ELSO stated that overall mortality of patients with 
COVID-19 receiving ECMO may be increasing (12). Thus, 
there is a need for new analysis of ECMO therapy data, 
including admissions of patients with COVID-19 during 
the second epidemic wave.

Hence, we conducted a retrospective, single-center study 
to evaluate the characteristics, physiologic parameters, and 
outcomes of patients with COVID-19 who received ECMO 
therapy. The aim of this study was to: (I) describe our 
experience of ECMO therapy in patients with COVID-19 
after 1 year of practice; and (II) compare the baseline 
characteristics and outcomes between patients of the first 
and second epidemic waves. 

We present the following article in accordance with the 
STROBE reporting checklist (available at https://dx.doi.

org/10.21037/jtd-21-971). 

Methods

Patients and diagnosis of COVID-19

This single-center, retrospective study included all patients 
aged ≥18 years admitted to the hospital between March 
1, 2020 and February 28, 2021, who were diagnosed with 
COVID-19 according to the World Health Organization 
interim guidance (6) and developed severe COVID-19 
disease with ARDS requiring support through ECMO. 
ARDS was determined according to the 2011 Berlin 
Definition of the European Society of Intensive Care 
Medicine (13). Regarding ECMO types, we included 
patients receiving veno-venous (VV) and veno-arterial (VA) 
configurations. 

Data collection

We collected data including demographics, medical 
history, time course of laboratory and MV parameters, 
and ECMO settings throughout the entire duration of 
hospital stay. We also gathered data regarding the amount 
of packed red blood cells (PRBC) and albumin units utilized 
during ECMO therapy. Of note, PRBC units contained  
200–300 mL. Data were collected at two time points 
(September 1, 2020 and March 21, 2021). Patients admitted 
to the hospital after September 1, 2020 were assigned to the 
second epidemic wave. 

Screening for the occurrence of complications was 
conducted daily according to our standard clinical protocol. 
Laboratory analyses were routinely performed daily; blood 
gas analyses were performed at intervals of 1–2 h. The 
study was conducted in accordance with the Declaration of 
Helsinki (as revised in 2013). The study was approved by 
the local ethics board of RWTH Uniklinik Aachen (No. 20-
085) and individual consent for this retrospective analysis 
was waived.

ECMO settings

Critically ill patients with COVID-19 were considered 
for ECMO treatment based on the following criteria: 
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(I) Presence of indications for ECMO as suggested by 
the ELSO guidelines (14); and (II) Failure of all other 
treatments options (i.e., lung protective invasive MV, prone 
positioning, neuro-muscular blockade, and inhaled nitric 
oxide [iNO] rescue therapy). The decision on initiation 
of ECMO treatment was determined by consensus of our 
(mobile) ECMO-team consisting of internal medicine 
intensivists, cardiothoracic surgeons, and pneumologists.

The ECMO devices used in our ICU were iLA 
ACTIVVE XLUNG kits (XENIOS, Heilbronn, Germany) 
and Cardiohelp HLS systems Version 7.0 (Maquet 
Cardiopulmonary GmbH, Rastatt, Germany). Data on 
ECMO settings, utilization (i.e., VV or VA), cannulation 
sites, utilization switch (i.e., from VV to VA or veno-venous 
arterial) were recorded. Our standard approach for the 
treatment of isolated respiratory failure was VV ECMO.

Anticoagulation regime

The following hemostatic parameters were measured 
daily: activated partial thromboplastin time (aPTT), 
international normalized ratio (INR), platelet count, 
fibrinogen, antithrombin, D-dimer, and activated clotting 
time (ACT). The aPTT and ACT were measured thrice 
and four times daily, respectively, as control for adequate 
coagulation and not as target values. In addition, factor 
XIII was measured thrice weekly. The following protocol 
was used in all patients of the study. In the absence of other 
relevant indications for a higher anticoagulation target (e.g., 
atrial fibrillation or mechanical heart valve prosthesis), we 
primarily administered 400 IE/h of unfractionated heparin. 
In the absence of bleeding complications at the beginning, 
anticoagulation was tapered stepwise to achieve an aPTT 
of 40–60 seconds and we tolerated an ACT ≤180 s. If 
necessary, the dose of unfractionated heparin was reduced 
or its administration paused. Other target values were: 
platelet count >50 G/L; fibrinogen >150 mg/dL; and INR 
<1.5. In case of bleeding, we adjusted the target values using 
fresh frozen plasma or PRBC. We aimed for an ACT <160 s,  
normalized the INR, and raised the platelet count to  
≥80 G/L and fibrinogen to >200 mg/dL.

Bleeding complications 

All bleeding events that led to the use of two or more units 
of whole blood or red cells and/or a fall in hemoglobin 
by >1.24 mmol/L were identified as major according to 
the definition established by the International Society on 

Thrombosis and Haemostasis (ISTH) (15). We selected the 
ISTH classification because of its applicability to patients 
treated with anticoagulants and ECMO being a non-
surgical treatment. 

Transfusion of PRBC was very frequent, aiming 
to maintain a hemoglobin value of 9 g/dL in VV-
ECMO. However, as our main ECMO target aside from 
ultraprotective ventilation was sufficient oxygen delivery, 
we calculated the ratio of oxygen delivery (Do2) to oxygen 
consumption (Vo2) several times daily and aimed for a ratio 
of ≥3:1; and ideally of ≥4:1 with ECMO blood flow as low 
as possible. Thus, in some patients, a transfusion of PRBC 
was required due to low Do2:Vo2 ratios, although the level 
of hemoglobin was approximately 10 g/dL.

Statistical analysis

Categorical variables are presented as absolute numbers 
and percentages. Continuous variables were tested for 
normal distribution using the Kolmogorov–Smirnov test 
and presented as the median and interquartile range (IQR). 
For comparison between patients from the first and second 
waves, univariate analyses were performed using the Mann–
Whitney U test for continuous variables and Fisher’s 
exact test for categorical variables. Analyses of laboratory 
parameters at three-time points were conducted using 
Friedman’s nonparametric test with Dunn’s correction for 
repeated measurement. 

All statistical comparisons were two-sided. P-values 
<0.05 denoted statistically significant differences. Statistical 
analysis was performed using the SPSS Version 26.0 (IBM 
Corp., Armonk, NY, USA) software. Time courses of 
laboratory parameters were created using the GraphPad 
Prism Version 8.0 (GraphPad Software, San Diego, CA, 
USA) software. Kaplan-Meier survival estimates, including 
visualization, were obtained using the open-source Jamovi 
Version 1.2.22.0 software.

Results

Baseline characteristics

During the study period, a total of 39 patients were treated 
with ECMO at our university hospital. The proportion 
of patients transferred from other referring hospitals was 
85%, and mobile ECMO support (from our retrieval team) 
was provided to 23% of the patients (Table 1). VA ECMO 
was indicated in one patient due to severe right ventricular 
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Table 1 Baseline characteristics

Characteristic Total (n=39) Wave 1 (n=19) Wave 2 (n=20) P value

Age (y) 56 [50–60] 57 [50–62] 53 [50–59] 0.461

Female gender 11 [28] 6 [32] 5 [25] 0.731

Weight (kg) 90 [82–110] 90 [80–100] 93 [85–110] 0.113

Height (cm) 175 [167–180] 176 [170–185] 175 [166–180] 0.247

BMI (kg/m2) 29.7 [26.3–35.2] 28.2 [24.7–31.1] 31.1 [27.8–39.2] 0.022*

Coronary artery disease 1 [3] 1 [5] 0 [0] 0.487

Prior myocardial infarction 3 [8] 1 [5] 2 [10] 1.000

Arterial hypertension 24 [62] 14 [74] 10 [50] 0.191

COPD 4 [10] 3 [16] 1 [5] 0.342

Diabetes mellitus type 2 15 [39] 7 [37] 8 [40] 1.000

Chronic kidney disease† 2 [5] 2 [11] 0 [0] 0.231

Immunosuppressive medication 1 [3] 1 [5] 0 [0] 0.487

CNS dysfunction 0 [0] 0 [0] 0 [0] 1.000

History of malignancy 2 [5] 1 [5] 1 [5] 1.000

Liver cirrhosis 2 [5] 0 [0] 2 [10] 0.487

Hospitalization and treatment

Transferred from another hospital 33 [85] 14 [74] 19 [95] 0.091

Mobil ECMO 9 [23] 4 [21] 5 [25] 1.000

VA ECMO indication 1 [3] 1 [5] 0 [0] 0.487

Pre-ECMO LOS in-hospital (d)†† 12 [6–19] 8 [5–15] 14 [8–20] 0.141

Pre-ECMO LOS in-ICU (d)†† 8 [3–14] 5 [1–12] 10 [6–15.5] 0.101

Prone positioning 39 [100] 19 [100] 20 [100] 1.000

Tracheostomy 20 [51] 11 [58] 9 [45] 0.527

iNO inhalation 29 [74] 14 [74] 15 [75] 1.000

Neuromuscular blocking agents 22 [56] 11 [58] 11 [55] 1.000

Cytokine absorption§ 13 [33] 9 [47] 4 [20] 0.096

Antibiotics§§ 20 [51] 9 [47] 11 [55] 0.752

Antifungal medication§§ 6 [15] 3 [16] 3 [15] 1.000

Antiviral medication 7 [18] 4 [21] 3 [15] 0.695

Corticosteroids 24 [62] 9 [47] 15 [75] 0.105

Sildenafil 14 [36] 6 [32] 8 [40] 0.741

Table 1 (continued)
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Table 1 (continued)

Characteristic Total (n=39) Wave 1 (n=19) Wave 2 (n=20) P value

Complications and risk scores

Secondary hepatopathy 5 [13] 4 [21] 1 [5] 0.182

Pulmonary hypertension 6 [15] 6 [32] 0 [0] 0.008*

Hypercapnia at ECMO-initiation 7 [18] 5 [26] 2 [10] 0.235

Pneumomediastinum on CT/X-ray 9 [23] 3 [16] 6 [30] 0.451

Prior SOFA score 10 [8–11] 11 [7–13] 10 [8–11] 0.588

Prior RESP Score 0 [−1 to 2] 0 [−3 to 2] 0 [−1 to 2] 0.214

Mechanical ventilation

Prior MV time (d)†† 6 [3–15] 4 [3–15] 9 [3–15] 0.708

Prior MV longer than 7 days†† 19 [49] 8 [42] 11 [55] 0.527

FiO2 (percentage) 60 [50–80] 60 [50–80] 60 [50–80] 0.647

pO2:FiO2 (ratio) 1.04 [0.82–1.29] 1.06 [0.71–1.36] 1.02 [0.83–1.22] 0.923

Pinsp (mbar) 27 [24–30] 28 [25–30] 25.5 [23–28] 0.204

PEEP (cmH2O) 12 [10–14] 14 [10–15] 12 [10–13.5] 0.044*

Continuous variables are presented as median and interquartile range [IQR] or n (%). *, P values under 0.05 are considered as significant 
and tagged with an asterisk; †, Including all patients with a MDRD-GFR <60 mL/min; ††, Including time in the previous hospital; §, Started 
before ECMO or incorporated in the ECMO circuit; §§, Medication due to superinfection. BMI, body mass index kg/m2; CNS, Central 
nervous system; COPD, chronic obstructive pulmonary disease; ECMO, extracorporeal membrane oxygenation; ICU, intensive care unit; 
iNO, inhaled nitric oxide; LOS, length of stay; MV, Mechanical ventilation; PEEP, Positive end-expiratory pressure; Pinsp, Peak inspiratory 
pressure; RESP, The Respiratory Extracorporeal Membrane Oxygenation Survival Prediction; SOFA, Sequential Organ Failure Assessment 
Score; VA, veno-arterial.

decompensation after pulmonary embolism in both lungs; 
all other patients received VV ECMO. We reported an 
overall median age of 56 (IQR: 50–60) years, body mass 
index (BMI) of 29.7 (IQR: 26.3–35.2) kg/m2, and (pre-
ECMO) hospitalization time of 12 (IQR: 6–19) days. The 
most frequent comorbidities were arterial hypertension 
and diabetes mellitus type 2 (62% and 39%, respectively). 
Several treatments were performed before and/or during 
implantation of ECMO: prone positioning (100%), iNO 
(74%), corticosteroids (62%), and neuromuscular blocking 
agents (NMB) (56%). The most frequent complications 
prior to ECMO were pneumomediastinum, hypercapnia, 
pulmonary hypertension, and secondary hepatopathy in 
23%, 18%, 15%, and 13% of the patients, respectively. We 
reported a median Respiratory ECMO Survival Prediction 
(RESP) of 0 (IQR: −1–2) and Sequential Organ Failure 
Assessment (SOFA) of 10 (IQR: 8–11). The median (pre-
ECMO) MV time was 6 (IQR: 3–15) days, and 49% of the 
patients received MV for >7 days.

We  p e r f o r m e d  a  c o m p a r i s o n  o f  t h e  b a s e l i n e 
characteristics of patients between the first (n=19) and 
second (n=20) waves. Compared with patients of the first 
wave, those of the second wave had significantly higher 
median BMI [28.2 (IQR: 24.7–31.1) vs. 31.1 (IQR: 27.8–
39.2) kg/m2, respectively, P=0.022], significantly lower 
median positive end-expiratory pressure (PEEP) [14 (IQR: 
10–15) vs. 12 (IQR 10–13.5) cmH2O, respectively, P=0.044], 
and a significantly lower rate of (pre-ECMO) pulmonary 
hypertension (32% vs. 0%, respectively, P=0.008). The 
median age of patients was 57 (IQR: 50–62) and 53 (IQR 
50–59) years, respectively (P=0.461). The median (pre-
ECMO) duration of hospitalization was 8 (IQR: 5–15) and 
14 (IQR: 8–20) days, respectively (P=0.141). Regarding 
treatments before and/or during initiation of ECMO, 
patients of the second wave received less CytoSorb (cytokine 
absorption) therapy (47% vs. 20%, respectively, P=0.096) 
and more corticosteroids (47% vs. 75%, respectively, 
P=0.105). Patients of the second wave showed a higher 
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median (pre-ECMO) MV time [4 (IQR: 3–15) vs. 9 (IQR: 
3–15) days, respectively, P=0.708]. The median RESP 
scores were similar in both groups [0 (IQR: −3–2) vs. 0 (IQR: 
−1–2), respectively, P=0.214]. Further details are presented 
in Table 1.

Laboratory parameters

The 23 different laboratory measurements are presented 
in Table 2. In the total study sample (n=39), we reported a 
median partial pressure of oxygen (pO2) of 68 (IQR: 54– 
76) mmHg, partial pressure of carbon dioxide (pCO2) of 65 
(IQR: 51–77) mmHg, C-reactive protein of 211 (IQR: 100–
287) mg/L, D-dimer of 4,547 (IQR: 1,876–11,006) µg/dL,  
and fibrinogen of 466 (IQR: 409–717) mg/dL prior to 
implantation of ECMO.

We compared the laboratory parameters of patients 
between the first (n=19) and second (n=20) waves at three 
different time points and found multiple statistically 
significant differences (Table 2, Figure 1, Table S1). Before 
implantation of ECMO: patients of the second wave had 
significantly higher pH (median: 7.29 vs. 7.42, respectively, 
P=0.005), bicarbonate (median: 27 vs. 31.8 mmol/L, 
respectively, P=0.033), plasma free hemoglobin (pfHb) 
(median: 36 vs. 58 mg/L, respectively, P=0.013), and 
alanine aminotransferase (ALT) (median: 33 vs. 52 U/L, 
respectively, P=0.018) levels. After implantation of ECMO 
(24 h): patients of the second wave showed significantly 
higher aPTT (median: 34 vs. 44 s, respectively, P=0.038) 
and antithrombin III (median: 48% vs. 71%, respectively, 
P=0.008) levels, and significantly lower creatinine (median: 
1.5 vs. 1 mg/dL, respectively, P=0.033) levels. Before 
explantation of ECMO: patients of the second wave showed 
significantly higher C-reactive protein (median: 118 vs.  
251 mg/L, respectively, P=0.006) and significantly lower 
blood urea nitrogen (median: 98 vs. 70 s, respectively, 
P=0.004) levels.

Outcomes

Outcomes, complications, and administration of blood 
products are presented in Table 3. Of the 39 patients, 41% 
were successfully weaned from ECMO therapy and survived 
until discharge. A total of 23 patients expired, and there 
were no patients who remained hospitalized. The median 
duration of ECMO was 19 (IQR: 11–29) days. In the one 
patient who received VA ECMO, we reported recovery 
of right ventricular function and successful weaning from 

ECMO after 27 days. Thromboembolic events (TEE) 
occurred in 36% of the patients, and pulmonary artery 
embolism was the most frequent (21%). Major bleeding 
events (MBE) occurred in 62% of the patients; the most 
frequent locations were endobronchial and mucosal 
bleedings in the upper respiratory tract (23% each). 
The incidence of acute kidney failure was 72%; renal 
replacement therapy was applied to all cases. The median 
amount of PRBC used during ECMO therapy was 1.5 (IQR: 
0.8–2.0) units per day. 

We also compared the outcomes of patients of the first 
(n=19) and second (n=20) waves. Compared with patients of 
the first wave, those of the second wave had a significantly 
higher rate of MBE (42% vs. 80%, respectively, P=0.022), 
lower survival until discharge (53% vs. 30%, respectively, 
P=0.200) and longer duration of ECMO [16 (IQR: 11–24) 
vs. 24.5 (IQR: 15.3–33) days, respectively, P=0.074]. 
The hazard ratio for death within 90 days after initiation 
of ECMO in the second wave, compared with the first 
wave, was 1.57 (95% CI: 0.68–3.65, P=0.284) (Figure 2). 
Patients of the second wave exhibited a lower incidence 
of thromboembolic events (42% vs. 30%, P=0.514). Acute 
kidney failure occurred in 68% and 75% of the patients, 
respectively, (P=0.447). Despite the higher rate of bleeding 
events, the median amount of PRBC administered was 
lower in the second wave [1.5 (IQR: 0.8–2.0) vs. 1 (IQR: 
0.7–1.8) units per day, respectively, P=0.285]. Further 
details are presented in Table 3.

Discussion

Since the beginning of 2020, a large number of patients 
with COVID-19 received support with ECMO at our 
center; the majority were transferred from other hospitals. 
Most of our patients received NMB agents, antibiotics, 
steroids, and iNO prior to initiation of ECMO. A high 
proportion of our patients remained for >1 week in the ICU 
and 49% received MV for >7 days. The rate of survival 
to discharge was 41% in total. However, the number of 
ECMO non survivors were higher during the second wave, 
in line with the higher mortality reported during the second 
wave globally. Similar trends were observed in other centers 
using ECMO during the second wave, irrespective of the 
burden of the pandemic. Survival to discharge was 53% and 
30% in the first and second wave, respectively, (P=0.200); 
even though the median RESP in both groups was 33–57%. 
The difference in survival was statistically non-significant 
in our study, but the impact on clinical practice is highly 

https://cdn.amegroups.cn/static/public/JTD-21-971-supplementary.pdf
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Table 2 Laboratory parameters before ECMO-initiation

Parameter Total (n=39) Wave 1 (n=19) Wave 2 (n=20) P value

pO2 (mmHg) 68 [54–76] 68 [54–72] 68 [53.25–77.5] 0.771

pCO2 (mmHg) 65 [51–77] 66 [48–78] 62 [52–73] 0.771

pH 7.33 [7.26–7.43] 7.29 [7.2–7.39] 7.42 [7.3–7.45] 0.005*

Bicarbonate (mmol/L) 31 [26.4–34.4] 27 [24.7–34.4] 31.8 [29.6–34.8] 0.033*

Lactate (mmol/L) 1.9 [1.3–2.9] 1.9 [1.3–3] 1.85 [1.4–2.8] 0.945

Hb (g/dL) 9.8 [9–11.4] 9.8 [8.7–10.5] 9.8 [9.2–11.6] 0.531

pfHb (mg/L) 46 [28–68] 36 [22–50] 58 [44–73] 0.013*

Leucocytes (/nL) 13 [10–19] 14 [10–22] 12 [10–16] 0.214

Platelet (G/L) 240 [170–340] 222 [154–389] 246 [176–340] 0.728

PCT (%) 2.2 [0.6–8.3] 4.5 [0.6–6.49] 1.5 [0.6–9.1] 0.813

aPTT (s) 33 [29–39] 34 [29–39] 32 [30–39] 0.989

INR (ratio) 1.2 [1.1–1.3] 1.3 [1.2–1.3] 1.2 [1.1–1.3] 0.204

ATIII (%) 66 [55–77] 65 [54–76] 67 [56–88] 0.328

D-dimer (µg/dL) 4,547 [1,876–11,006] 4,345 [1,745–12,046] 4,869 [2,117–10,698] 0.967

CRP (mg/L) 211 [100–287] 211 [120–280] 208 [77–346] 0.835

Fibrinogen (mg/dL) 466 [409–717] 656 [432–717] 455 [379–853] 0.607

PCT (%) 2.2 [0.6–8.3] 4.5 [0.6–6.5] 1.5 [0.6–9.1] 0.813

LDH (U/L) 459 [333–661] 403 [311–639] 504 [411–687] 0.07

ALT (U/L) 44 [32–75] 33 [27–45] 52 [42–92] 0.018*

AST (U/L) 61 [38–93] 66 [37–126] 58 [44–82] 0.989

BUN (mg/dL) 68 [46–111] 66 [43–116] 68 [59–110] 1.000

Creatinine (mg/dL) 1.1 [0.7–1.8] 1.2 [0.8–1.8] 0.9 [0.6–2.1] 0.204

Bilirubin (mg/dL) 0.6 [0.4–1.6] 0.6 [0.4–2.2] 0.6 [0.4–1.1] 0.901

Continuous variables are presented as median and interquartile range [IQR] or n (%). *, P values under 0.05 are considered as significant 
and tagged with an asterisk. All parameters were measured 1–6 hours before ECMO-initiation. ALT, alanine transaminase; AST, aspartate 
transaminase; ATIII, Antithrombin III, aPTT, partial thromboplastin time; BUN, blood urea nitrogen; CRP, C-reactive protein; ECMO, 
extracorporeal membrane oxygenation; Hb, Hemoglobin; LDH, lactate dehydrogenase; PCT, procalcitonin; pfHb, plasma-free hemoglobin; 
WBC, white blood cells.

relevant since this negative trend has been reported by the 
ELSO registry (16). Broman and colleagues reported that 
successful weaning was accomplished in 58% (841 of 1,442) 
of patients in the first wave, compared with 47% (718 of 
1,723) in the second wave (P<0.0001) (16). Patients from 
our center were also submitted to the ELSO registry, and 
we noticed similar baseline characteristics, such as age, BMI, 
gender, comorbidity, and superinfection before ECMO-
initiation (17). A second observation by Broman et al.  
was that the number of patients on long-term ECMO 

(>28 days) increased (16). We also reported longer ECMO 
runs in patients from the second wave (16 vs. 24.5 days, 
P=0.074). In another registry led by the Japan ECMOnet 
for COVID-19 group, survival rates were approximately 
10% less in patients of the second wave (18). Regarding 
ECMO duration, the Japanese ECMOnet registry showed 
increased mortality in patients who underwent ECMO 
for 16–20 days, and a 65% mortality risk in patients under 
ECMO for more than 16 days (18). 

Evidence for a direct cause of high mortality rates in 
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Figure 1 Time course of laboratory parameters in patients from Wave 1 (n=19) and Wave 2 (n=20). Measurements are presented as median 
and interquartile range (IQR). *, P values under 0.05 are considered as significant and tagged with an asterisk. All parameters were measured 
1–6 hours before ECMO-initiation. aPTT, partial thromboplastin time; CRP, C-reactive protein; ECMO, extracorporeal membrane 
oxygenation; pfHb, plasma-free hemoglobin.
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the second wave cannot be provided, however, there are 
multiple factors that need to be discussed. Patients from 
the second wave remained for long periods in (ICUs of) 
referring hospitals and already received steroids and other 
adjuvants (Table 1). Concurrently, the median time on MV 
prior ECMO was 9 days in patients of the second wave. 
MV for <7 days is recommended for ECLS in patients 
with COVID-19 (14); of note, 55% of patients from the 
second wave exceeded this limit (Table 1). This was due 
to late requests for ECMO in our hospital, which have 
been associated with worse outcomes (19). Specifically, for 
COVID-19 patients, the Japanese registry and a German 
analysis reported lower mortality in patients with early onset 
of ECMO therapy after initiation of MV (18,20). Due to 
long ICU periods and severe illness, more patients develop 
acute kidney failure and receive dialysis before the initiation 
of ECMO. Karagiannidis et al. showed that ECMO-centers 
in Germany selected more patients with need for dialysis 
than other countries (20). The prevalence of acute kidney 
failure was also high in our study, especially during the 
second wave (Table 3). Looking at the overall COVID-19 
population, we found different a different trend between 
the first and second wave. In Germany, the mortality of 

mechanically ventilated patients with COVID-19 in ICUs 
during the first wave was reported to be 53% (21). Unlike 
ECMO outcomes, an analysis with patients from the second 
wave showed that the prognosis of ICU patients, those 
requiring mechanical ventilation and those not, remained 
the same (21). An important difference is that compared 
with in the first wave, 50% less of all hospitalised patients 
were admitted to the ICU during the second wave (21). 
Possible reasons for this difference are clearly defined 
algorithms for non-invasive treatment strategies, and the 
early administration of pharmacological treatments, such 
as dexamethasone. Regarding ECMO patients, a selection 
bias with patients who did not respond to adjuvant therapies 
and underwent long hospitalization periods could have 
affected the outcomes (16). Another important factor is that 
health care providers experienced higher work load during 
the second wave, because the absolute number of ICU 
admissions steadily increased and almost doubled compared 
with that of the first wave (21). Having said this, we did 
not experience shortcomings of (ECMO) resources in our 
center. 

A relevant finding of our study were significantly more 
bleeding events in the second wave (Table 3). A study 
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Figure 2 Kaplan-Meier estimates of survival between Wave 1 (n=19) and Wave 2 (n=20) during the first 90 days after ECMO-initiation. 
ECMO, extracorporeal membrane oxygenation.
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Table 3 Outcomes

Outcome Total (n=39) Wave 1 (n=19) Wave 2 (n=20) P value

Survived until discharge, n (%)† 16 [41] 10 [53] 6 [30] 0.200

ECMO duration (d) 19 [11–29] 16 [11–24] 24.5 [15.3–33] 0.074

Thromboembolic events, n (%)†† 14 [36] 8 [42] 6 [30] 0.514

Pulmonary artery embolism 8 [21] 5 [26] 3 [15] 0.451

Peripheral venous thrombosis 5 [13] 3 [16] 2 [10] 0.661

Peripheral arterial thrombosis 2 [5] 1 [5] 1 [5] 1.000

ECMO-circuit thrombus 3 [8] 0 [0] 3 [15] 0.231

Major bleeding events, n (%)†† 24 [62] 8 [42] 16 [80] 0.022*

Endobronchial 9 [23] 2 [11] 7 [35] 0.127

Mucosal 9 [23] 3 [16] 6 [30] 0.451

Cannulation side 6 [15] 2 [11] 4 [20] 0.661

Gastrointestinal 3 [8] 1 [5] 2 [10] 1.000

Cerebral 3 [8] 0 [0] 3 [15] 0.231

Hemothorax 1 [3] 1 [5] 0 [0] 0.487

Pericardial tamponade 3 [8] 2 [11] 1 [5] 0.605

Other 3 [8] 0 [0] 3 [15] 0.231

Acute kidney failure§ 28 [72] 13 [68] 15 [75] 0.447

Blood products††

PRBC (units) 26 [14–46] 26 [14–38] 23 [12.8–59] 0.731

PRBC (units/d) 1.5 [0.8–2] 1.5 [1.1–2.7] 1 [0.7–1.8] 0.285

Total Albumin (g) 120 [0–300] 200 [0–320] 0 [0–255] 0.161

FFP (units) 0 [0–8] 0 [0–8] 4 [0–8] 0.41

PC (units) 2 [0–10] 0 [0–10] 2 [0–10.5] 0.35

Continuous variables are presented as median and interquartile range [IQR] or n (%). *, P values under 0.05 are considered as significant 
and tagged with an asterisk; †, discharge to a rehabilitation center, general ward of other hospital or home. We reported death in all other 
patients; ††, during ECMO-therapy; §, all patients with acute kidney failure in stages 2 or 3 by KDIGO guidelines. ECMO, extracorporeal 
membrane oxygenation; FFP, fresh frozen plasma; LOS, length of stay, PC, platelet cells; PRBC, packed red blood cells.

conducted by Aubron and colleagues investigated bleeding 
complications in ECMO patients and reported that bleeding 
was independently associated with worse survival (22).  
In this study, definition of bleeding was similar to the ISTH 
classification that we used, and furthermore, bleeding rate 
was 60% which was comparably high in our cohort (22). 
More bleeding complications in the second wave could be 
explained by longer ECMO runs and more severe sepsis 
(Table 3). Laboratory measurements (24 h after initiation 
of ECMO) revealed significantly higher PTT values in 

patients of the second wave (Table S1). Our approach aimed 
at a PTT under 60 s, and the median PTT of the patients 
was 32 (IQR: 30–39) s and 44 (IQR: 36–58) s before 
and 24 h after the initiation of ECMO, respectively. As 
ELSO guidelines recommend PTT values 1.4- or 1.5-fold  
higher than normal (23), we assume that these values 
are reasonable. Platelet count was another important 
laboratory measurement. Compared with patients of the 
first wave, those of the second wave had lower platelet 
levels before explantation of ECMO [152 (IQR: 94–210) 

https://cdn.amegroups.cn/static/public/JTD-21-971-supplementary.pdf
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vs. 106 (IQR: 79–124) days, respectively, P=0.07]. Low 
platelet levels or thrombocytopenia have been associated 
with bleeding events in patients with COVID-19 receiving 
ECLS (24) and we aimed for a platelet count >80 G/L as 
recommended in the ELSO guidelines (23). However, a 
decrease in platelets and thrombocytopenia during ECLS 
are frequently observed, and the underlying mechanisms of 
these events are multifactorial (25). Besides that, ECMO 
runs were longer in patients from the second wave (Table 3). 
Therefore, low platelet levels before ECMO removal are 
reasonable. COVID-19 is associated with a hypercoagulable 
state; hence, guidelines suggested to target anticoagulation 
at the higher end of normal ECMO parameters (8) during 
the period of our study. However, we followed the same 
anticoagulation regimen (described in the Methods 
section) in all patients. Furthermore, the administration 
of PRBC units during ECMO therapy was comparable 
and even higher in patients of the first wave. This may 
indicate that bleeding in the first wave was less frequent and 
simultaneously more severe, or the classification of major 
bleedings established by the ISTH is excessively stringent. 
Besides that, hemolysis and decreased red cell lifespan is 
caused by artificial surface and shear stress from the ECMO 
circuit. Therefore, PRBCs are administered frequently 
to maintain appropriate Do2:Vo2 ratios and hemoglobin 
levels. As a result, PRBC units for incidental bleedings 
cannot stand out in a statistical comparison. 

Selection of ARDS patients for ECMO was conducted 
according to the ELSO guidelines (12). During the study 
period, we did not change our protocol for ARDS patients 
as we reported positive results during the first wave. Prone 
positioning was used in all patients before and on ECMO, 
however, in some patients we needed to stop because of 
severe complications. As many studies reported positive 
results with dexamethasone in mechanically ventilated 
COVID-19 patients (26), the use of steroids increased from 
47% to 75% in the second wave (Table 1). Steroids were 
commonly administered early after hospital admission, and 
a survival benefit of steroids has been reported in many  
studies (27). Therefore, the second wave of had more 
patients who did not respond to steroid therapy and were 
selected for ECMO therapy. This finding supports the 
idea of worse outcomes in patients who did not respond 
to adjuvant therapies (16). Furthermore, some studies 
suggested that steroids could induce a delayed SARS–CoV-2 
clearance from the airway and worsen survival outcomes (28), 
however, more evidence is needed. 

Even though our common approach for ARDS patients 

did not change, our data revealed some significant differences 
which need to be discussed. In patients of the first wave, we 
reported significantly lower pH prior ECMO (Table 1). In 
general, this indicates more severe illness and Raasveld et al. 
reported that COVID-19 non-survivors were more acidotic 
prior to the initiation of ECMO (29). An explanation for 
this dubious finding can be acidosis due to a therapeutic 
modality, which is known to have a protective effect against 
ventilator-associated lung injury (30) in the absence of right 
ventricular failure (31). The second epidemic wave was 
managed with significantly lower PEEP values. Adjustment 
of appropriate PEEP values was conducted according to 
lung compliance, and esophageal titration was used in 
some cases. The difference in PEEP values was small; 
nevertheless, this suggests that lung compliance, which is 
associated with mortality in patients with ARDS on ECMO, 
was less during the second wave (32). We also reported 
significantly higher BMI values in patients of the second 
wave, which could have further impaired lung compliance. 
However, the association between obesity and ECLS 
mortality remains unclear (33,34). Hemolysis is common in 
patients receiving ECMO; however, we found significantly 
higher pfHb levels in patients of the second wave. Omar  
et al. reported that high pfHb levels (<50 mg/dL, 24 h after 
initiation of ECMO) can be used as an independent risk 
factor for mortality in patients receiving support (35). In the 
present study, the levels of pfHb were already exceeding this 
limit prior to the initiation of ECMO therapy. High levels of 
pfHb are associated with multiorgan failure (36,37) and may 
have influenced outcomes. Numerous studies added further 
knowledge regarding the appropriate utilization of ECMO 
and found interesting prognostic factors in patients with 
COVID-19. Old age (>65 years), immunosuppression, need 
for VA-ECMO, and presence of common comorbidities 
(hypertension, diabetes, and obesity) are associated with 
poor ECMO outcomes (14). The present study included 
only four patients aged >65 years, one patient receiving 
immunosuppressive medication, and one patient who 
received VA-ECMO. However, comorbidities were present 
in the majority of patients (Table 1).

The strength of this investigation is that the clinical 
course before and after the initiation of ECMO is accurately 
presented and important details are reported. As this was 
a single-center study, we can ensure that the groups were 
comparable and received the same treatment. Although 
our results add further knowledge to the management 
of patients with COVID-19, the present study has some 
limitations. One of the main disadvantages is the small 
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sample size, which reduced power and increased the margin 
of error in our study. Furthermore, the probability for false 
positive findings is high due to a wide range of variables and 
small number of patients. Multiple comparison correction 
was considered but common methods, such as Bonferroni 
correction, would eliminate all significant values of the 
results. As an early single center analysis, we presented all 
possible differences with a low threshold. This approach 
prevented the occurrence of false negatives values which 
could have been important in the future. Retrospective 
studies are associated with a potential risk for selection bias, 
and results are dependent on accurate recordkeeping. For 
MV parameters (e.g., PEEP) and laboratory values, we only 
analyzed specific time points which may not reflect longer 
periods of time and, thus, lead to misconceptions.

Conclusions

In a single-center study on ECMO-supported patients with 
COVID-19, we reported an overall survival rate of 41% 
in the first year. Similar to various registries, we observed 
less favorable outcomes during the second wave. Lessons 
learned from our experience are that direct communication 
with referring hospitals and early initiation of ECMO 
remains challenging. We identified two topics for further 
analysis of patients with COVID-19 receiving ECMO. 
Studies involving large sample sizes are warranted to 
identify predictors of mortality, as well as the influence of 
different SARS-CoV-2 mutations or subtypes on the clinical 
course and ECMO outcomes.
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