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Background: The use of veno-venous extracorporeal membrane oxygenation (V-V ECMO) has rapidly 
increased in recent years. Today, applications of V-V ECMO include a variety of clinical conditions such as 
acute respiratory distress syndrome (ARDS), bridge to lung transplantation and primary graft dysfunction 
after lung transplantation. The purpose of the present study was to investigate in-hospital mortality of adult 
patients undergoing V-V ECMO therapy and to determine independent predictors associated with mortality. 
Methods: This retrospective study was conducted at the University Hospital Zurich, a designated ECMO 
center in Switzerland. Data was analyzed of all adult V-V ECMO cases from 2007 to 2019.
Results: In total, 221 patients required V-V ECMO support (median age 50 years, 38.9% female).  
In-hospital mortality was 37.6% and did not statistically vary significantly between indications (P=0.61): 
25.0% (1/4) for primary graft dysfunction after lung transplantation, 29.4% (5/17) for bridge to lung 
transplantation, 36.2% (50/138) for ARDS and 43.5% (27/62) for other pulmonary disease indications. 
Cubic spline interpolation showed no effect of time on mortality over the study period of 13 years. Multiple 
logistic regression modelling identified significant predictor variables associated with mortality: age [odds 
ratio (OR), 1.05; 95% confidence interval (CI): 1.02–1.07; P=0.001], newly detected liver failure (OR, 4.83; 
95% CI: 1.27–20.3; P=0.02), red blood cell transfusion (OR, 1.91; 95% CI: 1.39–2.74; P<0.001) and platelet 
concentrate transfusion (OR, 1.93; 95% CI: 1.28–3.15; P=0.004).
Conclusions: In-hospital mortality of patients receiving V-V ECMO therapy remains relatively high. 
Patients’ outcomes have not improved significantly in the observed period. We identified age, newly detected 
liver failure, red blood cell transfusion and platelet concentrate transfusion as independent predictors 
associated with in-hospital mortality. Incorporating such mortality predictors into decision making with 
regards to V-V ECMO use may increase its effectiveness and safety and may translate into better outcomes.
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Introduction

Veno-venous extracorporeal membrane oxygenation (V-V 
ECMO) constitutes a resource-intense therapy to support 
patients with failing lungs unresponsive to conventional 
therapy (1,2). Increasing use of V-V ECMO is based on 
growing evidence of its effectiveness to support patients 
with acute respiratory distress syndrome (ARDS) (3) and 
to bridge patients to lung transplantation (4-6). However, 
V-V ECMO use in adult patients with respiratory failure 
remains associated with significant mortality rates as well 
as a wide knowledge gap (7-9). The systematic review and 
meta-analysis of Tran et al. summarizes the association 
between prognostic factors and the risk of mortality in 
patients requiring V-V ECMO for coronavirus disease 2019 
(COVID-19) (10). Patient factors such as older age, male 
sex, and chronic lung disease, and pre-cannulation disease 
factors, such as longer duration of symptoms, and longer 
duration of invasive mechanical ventilation are reported. In 
this regard, in-depth knowledge of predictive factors associated 
with mortality of V-V ECMO is crucial. Reputed scores 
as RESP (11), PRESET (12), or PRESERVE (13) assume 
specified patient parameters. In a recent retrospective study, 
we have identified so far unknown independent mortality 
predictors of extracorporeal life support therapy for the 
failing heart (14). Comprehensive analysis of mortality 
predictors could provide guidance in making informed 
decisions about ECMO indications, its management 

strategy and reinforce personalized medical care. 
In this study, we focus on the outcome of V-V ECMO 

therapy in patients with respiratory failure over a period of 
13 years at the University Hospital Zurich in Switzerland. 
We present this article in accordance with the TRIPOD 
reporting checklist (available at https://jtd.amegroups.com/
article/view/10.21037/jtd-22-1273/rc).

Methods

Study design

This retrospective, observational single-center study 
enrolled adult patients treated with V-V ECMO at the 
University Hospital Zurich in Switzerland between 
January 2007 and December 2019. The inclusion period 
was intentionally concluded prior to the outbreak of the 
SARS-CoV-2 2019 pandemic since V-V ECMO for SARS-
CoV-2 pneumonia would represent a different patient 
cohort. Our hospital is a tertiary care referral institution 
that is a designated ECMO center. Data of all patients 
with V-V ECMO was collected from the clinic-specific 
registers and the hospital-wide clinical information system 
through medical controlling. Patients were excluded if they 
were under 18 years of age or rejected informed consent  
(Figure 1). Based on current literature, we defined 
four categories for ECMO use: ARDS, bridge to lung 
transplantation, primary graft dysfunction after lung 
transplantation, and other pulmonary disease indications 
(1,2). The latter category comprises exacerbation of 
pulmonary disease and subsequent gas exchange failure 
without meeting ARDS definitions. The study was conducted 
in accordance with the Declaration of Helsinki (as revised 
in 2013). The study was reviewed by the Cantonal Ethics 
Commission of Zurich, Switzerland (BASEC-Nr. 2019-
01926). The requirement for written informed consent was 
waived due to the retrospective nature of the study.

Study endpoints

The objectives of this study were to report in-hospital 
mortality and 30-day mortality after ECMO implantation 
as well as to identify new independent predictive factors 
associated with death. 

Data collection and variables

Medical history of patients was reviewed manually. 

Highlight box

Key findings 
•	 Independent predictors associated with in-hospital mortality 

of patients treated with veno-venous extracorporeal membrane 
oxygenation (V-V ECMO) were age, newly developed liver failure, 
red blood cell transfusion and platelet concentrate transfusion. 
In-hospital mortality was 37.6% and did not vary significantly 
between different indications.  

What is known and what is new?  
•	 Patients undergoing V-V ECMO therapy still face high mortality. 

Factors such as older age, body mass index (BMI), and longer 
duration of invasive mechanical ventilation are well known hazards.

•	 We identified novel risk factors such as newly developed liver 
failure and transfusion of red blood cells and platelet concentrates 
to be associated with increased mortality.

What is the implication, and what should change now? 
•	 Knowledge of independent mortality predictors helps to use V-V 

ECMO in a targeted and efficient manner.
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Operative and intensive care unit reports allowed 
identifying pre-defined variables, which are specified in 
the supplementary material (Table S1). Coding data and 
administrative data were saved and exported from SAP ERP 
(SAP AG, Walldorf, Germany). Thirty-day survival was 
defined as 30-day survival after ECMO implantation.

ECMO indication

V-V ECMO was used in cases of unmanageable respiratory 
failure with maxed out conventional therapeutic procedures. 
Indications included “bridge to transplant” after full 
clinical assessment and listing for lung transplantation 
in the context of a sudden acute on chronic worsening. 
Exceptional cases without full  clinical assessment 
were included only in case of e.g., an initial diagnosis 
of a refractory interstitial lung disease and absence of 
contraindications. Further indications comprised “bridge 
to recovery”, including primary graft dysfunction after lung 
transplantation, respiratory failure such as ARDS and other 
pulmonary disease indications. ARDS was quantified using 
the severity PaO2/FiO2 (PF) ratio or Horowitz ratio <50 for 
3 h, PF ratio <80 for >6 h, acidosis. 

Before ECMO insertion the severity of respiratory 
failure was assessed as follows: ventilation was optimized 
[tidal volume (Vt) <6 mL/kg, plateau pressure (Pplat) 
<28–30 cmH2O, positive end expiratory pressure PEEP 
>10 cmH2O, relaxation in the first 48 hours, early Prone 
position], despite optimized ventilation occurrence of 
refractory hypoxemia (FiO2 >80% and PaO2/FiO2 ratio  
<80 mmHg over 6 h), Horowitz index (<100 mmHg transfer 
to an ECMO center, <50–80 mmHg indication for ECMO 
insertion).

ECMO insertion

The standard approach consisted in the insertion of 
the drainage cannula percutaneously through the right 
common femoral vein and insertion of the supply cannula 
percutaneously through the right internal jugular vein. 
The tip of the femoral cannula was placed in the inferior 
vena cava just underneath the entrance into the right 
atrium. The tip of the jugular cannula was positioned in 
the superior vena cava at the junction with the right atrium. 
This method prevented recirculation through the ECMO 
system. If the right jugular vein could not be used, the left 

Screened ECMO cases 

n=1,014

Selected ECMO cases 

n=903

Analyzed V-V ECMO

n=221

ARDS

n=138

Bridge to lung

transplantation

n=17

Primary graft

dysfunction after

lung transplantation

n=4

Other pulmonary

disease

n=62

•	V-A ECMO, n=679

•	Ventricular assist device, n=3

Refusal of consent

•	Interventional lung assist, n=0

•	Age below 18 years, n=111

Figure 1 Patient selection flowchart and indication groups. ECMO, extracorporeal membrane oxygenation; V-V ECMO, veno-venous 
extracorporeal membrane oxygenation; ARDS, acute respiratory distress syndrome.
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common femoral vein was used for percutaneous placement 
of the supply cannula. In this femoro-femoral configuration, 
the tip of the supply cannula was advanced into the right 
atrium just underneath the entrance of the superior vena 
cava, and the tip of the drainage cannula in the proximal 
inferior vena cava was placed a few centimeters below the 
confluence with the right atrium to avoid recirculation 
through the ECMO system. The left jugular vein was 
not used since advancement of the cannula through the 
curvature at the confluence of the left jugular vein into the 
left brachiocephalic vein might provoke perforation. In 
patients in whom mobilization was intended while being 
on ECMO, a single dual-lumen cannula consisting of one 
lumen for drainage and one lumen for supply was preferred. 
The cannula was placed percutaneously in the right 
internal jugular vein. ECMO placement was accomplished 
by cardiac surgeons. Cannulae were placed guided by 
transesophageal echocardiography or fluoroscopy. 

Statistical analysis

Continuous variables were summarized as median with 
interquartile range (IQR) or mean with standard deviation 
(SD), and compared using the Mann-Whitney U test. 
Categorical variables were presented as numbers with 
percentages, and compared using the Fisher’s exact test. 
We performed a multivariable logistic regression analysis 
to determine the effect of possibly influential variables on 
the binary variable in-hospital mortality. There was no 
evidence for presence of multicollinearity as assessed by 
Spearman’s correlation. To detect potential changes over 
time, we incorporated a cubic spline for the time variable 
in the model. The associated effect of time was displayed 
in a graph. To evaluate discrimination of our regression 
model we used the receiver operating characteristic (ROC) 
curve analysis (Figure S1). Calibration was assessed using 
the Hosmer-Lemeshow test. Duration of ECMO for each 
category as well as the in-hospital mortality were estimated 
using the Kaplan-Meier method. Death was defined 
as a censoring event that terminated ECMO therapy. 
Hypothesis tests were 2-sided. Significance was set at a P 
value <0.05. Statistical analyses were performed with R 
version 4.0.5.

Results

During the study period of 13 years, 221 patients received 
V-V ECMO therapy. The patients’ median age was 50 years, 

and 38.9% were female. The main characteristics for all 
four indications “ARDS”, “bridge to lung transplantation”, 
“primary graft dysfunction after lung transplantation”, 
and “other pulmonary disease indications” are reported in  
Table 1.

Overall, in-hospital mortality of patients receiving 
V-V ECMO therapy was 37.6% (83 out of 221 patients). 
In-hospital mortality varied between indications for 
V-V ECMO as follows: 25.0% (1/4) for primary graft 
dysfunction after lung transplantation, 29.4% (5/17) for 
bridge to lung transplantation, 36.2% (50/138) for ARDS 
and 43.5% (27/62) for other pulmonary disease indications 
(P=0.61); 30.8% (68 out of 221) of patients died during 
V-V ECMO therapy, primarily patients with ARDS and 
other pulmonary disease indications. In-hospital mortality 
after successful V-V ECMO weaning was 6.8% (15 out 
of 221) (Table 2). Causes of death among those who died 
after ECMO weaning were not consistent and often not 
clearly attributable to a specific pathology. Multiorgan 
failure aggravated through disseminated coagulopathy and 
hemorrhagic or septic shock resulted in an unfavorable 
outcome. 

The Kaplan-Meier estimates of in-hospital mortality by 
ECMO indication are depicted in Figure 2. There was no 
significant difference between subgroups. Furthermore, we 
analyzed the predicted in-hospital mortality stratified by the 
year of ECMO insertion (Figure 3). In a logistic regression 
model with the cubic spline interpolation, we found no 
evidence for a trend over time.

The Simplified Acute Physiology Score (SAPS) II score 
was significantly different between the subgroups (P<0.001), 
without a relevant variation over time. The number of V-V 
ECMOs per year and the course of the SAPS II score over 
time is shown in Figure 4. Major bleeding events occurred 
with the highest percentage of 29.4% (5 out 17 patients) in 
the bridge to lung transplantation group, followed by the 
group of patients with other pulmonary disease indications 
with 22.6% (14 out of 62), the ARDS group with 13% (18 
out of 138) and none major bleeding events in patients 
with primary graft dysfunction after lung transplantation 
(Table 3). Median duration of V-V ECMO therapy was 
7 days (IQR, 3.0–15.0 days). Patients receiving ECMO 
as a bridge to lung transplantation required the longest 
treatment with 23 days (IQR, 12.0–31.0 days), whereas the 
group with other pulmonary disease indications represented 
the shortest duration of ECMO support with 5 days (IQR, 
2.0–11.5 days). Median length of lung ventilation was  
13 days (6.0–28.0 days), varying between the maximum 

https://cdn.amegroups.cn/static/public/JTD-22-1273-Supplementary.pdf
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length of 42 days (24.8–54.5 days) in patients with 
primary graft dysfunction after lung transplantation and 
the minimum length of 9.5 days (IQR, 3.2–19.0 days) 
in the group with other pulmonary disease indications. 
The majority of 61.5% (136 out of 221) of patients was 
successfully weaned from ECMO. On average, patients 
spent 26 days (IQR, 13.0–48.0 days) in hospital. The 
subgroups “bridge to lung transplantation” and “primary 
graft dysfunction after lung transplantation” exhibited the 
longest hospital stays [38.8 days (IQR, 32.0–73.0 days) and 
62.5 days (IQR, 44.8–80.2 days) respectively].

Assessing the effect of possibly influential variables 
on in-hospital mortality, we chose predictor variables 
as parameters of interest for clinical reasons. It is worth 
mentioning that our main interest was not performing a 
classical prediction model but rather to focus on specific 
preselected parameters and their effect on in-hospital 

death. Their choice is based on clinical relevance, regular 
and reliable measurement processes in our hospital. The 
model shows good discrimination with an area under the 
curve (AUC) belonging to ROC curve which is 0.85 with 
a 95% confidence interval from 0.8 to 0.91. The Hosmer-
Lemeshow test indicates a good model fit (P=0.66). 
Consequently, a multiple logistic regression model with 
patients’ clinical characteristics showed that age with an 
odds ratio (OR) of 1.05 [95% confidence interval (CI): 1.02–
1.07; P=0.001] as well as newly detected liver failure with 
an OR of 4.83 (95% CI: 1.27–20.3; P=0.02) were associated 
with significantly higher mortality (Table 4). Moreover, our 
analysis revealed that each unit of red blood cell as well as 
platelet concentrate transfusion given per day were highly 
significant mortality predictors: red blood cell transfusion 
with an OR of 1.91 (95% CI: 1.39–2.74; P<0.001) per 0.1 
units per day and platelet concentrate transfusion with 

Table 1 Characteristics of patients on V-V ECMO, indicated for all indications as well as for subgroups with different indications

Variables
All indications 

(n=221)
ARDS (n=138)

Bridge to lung 
transplantation  

(n=17)

Primary graft 
dysfunction after lung 
transplantation (n=4)

Other pulmonary 
disease indications 

(n=62)

Patient characteristics

Age (years) 50.0 (38.0 to 60.0) 50.0 (38.0 to 58.0) 44.0 (37.0 to 50.0) 49.0 (38.8 to 54.5) 55.0 (38.5 to 64.8)

BMI (kg/m²) 25.6 (22.2 to 29.4) 26.5 (23.4 to 30.9) 20.2 (18.6 to 23.0) 20.7 (17.2 to 25.2) 25.3 (21.8 to 28.7)

Sex (female), n (%) 86 (38.9) 59 (42.8) 6 (35.3) 4 (100.0) 17 (27.4)

SAPS II (points) (n=212) 48.0 (33.0 to 63.0) 53.0 (39.0 to 67.0) 26.5 (19.0 to 38.0) 34.0 (25.0 to 41.5) 42.0 (29.0 to 59.0)

PRESERVE (points) (n=220) 3.0 (1.0 to 4.0) 2.0 (1.0 to 4.0) 3.0 (3.0 to 4.0) 3.5 (1.8 to 5.2) 4.0 (1.0 to 4.0)

Baseline laboratory parameters

Lactate (mmol/L) (n=177) 1.6 (1.0 to 3.2) 1.9 (1.2 to 3.8) 0.9 (0.8 to 1.2) 1.0 (0.7 to 1.2) 1.7 (1.0 to 3.1)

Hemoglobin (g/L) (n=205) 92.0 (81.0 to 107.0) 89.0 (79.0 to 106.6) 101.0 (88.0 to 107.0) 82.0 (80.5 to 87.8) 94.0 (85.8 to 110.0)

Myoglobin (µg/L) (n=189) 196.0 (70.0 to 725.0) 241.0 (100.5 to 786.0) 39.0 (21.0 to 60.8) 131.0 (81.0 to 181.5) 161.5 (70.0 to 808.8)

Creatinine (µmol/L) (n=218) 92.5 (60.0 to 161.5) 106.0 (65.0 to 172.0) 50.0 (35.0 to 78.0) 75.0 (69.0 to 93.0) 87.0 (60.0 to 145.5)

Comorbidities, n (%)

Coronary artery disease 17 (7.7) 10 (7.2) 0 (0.0) 1 (25.0) 6 (9.7)

Congestive heart failure 15 (6.8) 8 (5.8) 0 (0.0) 0 (0.0) 7 (11.3)

Obstructive pulmonary 
disease

20 (9.0) 7 (5.1) 3 (17.6) 0 (0.0) 10 (16.1)

Diabetes mellitus 29 (13.1) 14 (10.1) 2 (11.8) 1 (25.0) 12 (19.4)

Chronic kidney disease 18 (8.1) 10 (7.2) 0 (0.0) 0 (0.0) 4 (6.5)

Data presents as median (IQR) or n (%). V-V ECMO, veno-venous extracorporeal membrane oxygenation; ARDS, acute respiratory 
distress syndrome; BMI, body mass index; SAPS II, simplified acute physiology score II; PRESERVE, predicting death for severe ARDS on  
VV-ECMO score; IQR, interquartile range.
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Table 2 Insertion technique and outcome of patients on V-V ECMO, indicated for all indications as well as for subgroups with different 
indications

Variables
All indications 

(n=221)
ARDS (n=138)

Bridge to lung 
transplantation  

(n=17)

Primary graft 
dysfunction after lung 
transplantation (n=4)

Other pulmonary 
disease indications 

(n=62)

ECMO, n (%)

External insertion† 54 (24.4) 43 (31.2) 0 (0.0) 0 (0.0) 11 (17.7)

Insertion technique

Seldinger peripheral 218 (98.6) 138 (100.0) 15 (88.2) 3 (75.0) 62 (100.0)

Surgical peripheral 3 (1.4) 0 (0.0) 2 (11.8) 1 (25.0) 0 (0.0)

Surgical central 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Successful weaning 136 (61.5) 96 (69.6) 2 (11.8) 3 (75.0) 35 (56.5)

Mortality, n (%)

In-hospital mortality 83 (37.6) 50 (36.2) 5 (29.4) 1 (25.0) 27 (43.5)

Death during ECMO therapy 68 (30.8) 42 (30.4) 1 (5.9) 1 (25.0) 24 (38.7)

In-hospital death after ECMO 
weaning

15 (6.8) 8 (5.8) 4 (23.5) 0 (0.0) 3 (4.8)

30-day mortality (n=210)†† 66 (31.4) 45 (29.5) 4 (23.5) 1 (25.0) 27 (38.6) 

Duration

ECMO (days) 7.0 (3.0 to 15.0) 7.0 (4.0 to 14.8) 23.0 (12.0 to 31.0) 12.5 (11.5 to 13.0) 5.0 (2.0 to 11.5)

Ventilation (days) 13.0 (6.0 to 28.0) 14.5 (7.2 to 30.8) 20.0 (5.0 to 28.0) 42.0 (24.8 to 54.5) 9.5 (3.2 to 19.0)

ICU (days) 17.0 (9.0 to 35.0) 17.0 (10.0 to 33.8) 32.0 (21.0 to 56.0) 47.0 (36.0 to 55.0) 13.0 (7.0 to 30.2)

Hospital stay (days) 26.0 (13.0 to 48.0) 27.5 (13.0 to 48.0) 38.8 (32.0 to 73.0) 62.5 (44.8 to 80.2) 20.0 (11.0 to 35.0)

Data presents as median (IQR) or n (%). †, ECMO insertion by University Hospital Zurich outreach team in another hospital before transfer 
to University Hospital Zurich for definitive care; ††, deviating number of patients (210 instead of the total number of 221) due to loss 
of follow up on day 30 after ECMO insertion. V-V ECMO, veno-venous extracorporeal membrane oxygenation; ECMO, extracorporeal 
membrane oxygenation; ARDS, acute respiratory distress syndrome; ICU, intensive care unit; IQR, interquartile range. 

an OR of 1.93 (95% CI: 1.28–3.15; P=0.004) per 0.1 unit 
per day. Compared to ARDS, representing the reference 
category, all three other indications were not a predictor for 
mortality. Adjusting the regression model by including the 
SAPS II does not show any relevant change in significance 
(Table S2). 

Discussion

In this retrospective study, we investigated 221 cases of 
adult patients with V-V ECMO support over a period of 
13 years in a single tertiary care referring ECMO center. 
We observed an overall in-hospital mortality of 37.6%. 
The registry data of the Extracorporeal Life Support 
Organization (ELSO) international report described an 

in-hospital mortality of 41.0% for adult respiratory V-V 
ECMO support (15). Data from Germany analyzing 22,960 
patient cases on V-V ECMO therapy reported a higher 
in-hospital mortality of 53.9% (8). The dataset included 
a subgroup of patients with ARDS (10,801 out of 22,960 
patients) with an in-hospital mortality of 54.4%. This 
mortality is clearly higher than the mortality rate of 36.2% 
reported in this manuscript. The discrepancy in mortality 
rates may be attributed to the age distribution of patients as 
advanced age is a known key prognostic indicator associated 
with higher mortality (16-18). Compared to our cohort with 
an age ranging from 38.0 to 60.0 years, the German study 
featured 28.7% of patients aged between 65 and 95 years.

In-hospital mortality was not significantly different 
between the reported indications for V-V ECMO therapy. 

https://cdn.amegroups.cn/static/public/JTD-22-1273-Supplementary.pdf
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It is worth mentioning that there is no complete agreement 
on predefined indication groups. However, we chose the 
three subgroups “ARDS”, “bridge to lung transplantation” 
and “primary graft dysfunction after lung transplantation” 
based on current literature (1,2,19-22) and in accordance 
with the current guidelines from the ELSO (18). We are 
aware that the number of patients in the group “primary 
graft dysfunction after lung transplantation” is low (4 out of 
221 patients). Nonetheless, we consider this indication as an 
independent group as important. Primary graft dysfunction 
continues to be the most common indication for ECMO 
use after lung transplant procedures (20). Compared to 
the other three indications, these pathologies may result in 
important differences in ECMO therapy and prognosis of 
these higher risk patients. Finally, we included the fourth 
group “other pulmonary disease” referring to various 
specific indications for V-V ECMO therapy that did not 
meet the inclusion criteria of the three main groups of our 
study cohort.

The mortality rates did not vary significantly during our 
observation period between 2007 and 2019. To determine 
a possible non-linear change, we used cubic spline 

1.00

0.75

0.50

0.25

0.00

0 50 100 150

P
ro

ba
bi

lit
y 

fo
r 

su
rv

iv
in

g 
ho

sp
ita

liz
at

io
n

Time since ECMO start, days

Figure 2 Kaplan-Meier estimates of in-hospital mortality by V-V 
ECMO indication. Strata: red line, ARDS; green line, bridge to 
lung transplantation; blue line, primary graft dysfunction after lung 
transplantation; purple line, other pulmonary disease. ECMO, 
extracorporeal membrane oxygenation; V-V ECMO, veno-venous 
extracorporeal membrane oxygenation; ARDS, acute respiratory 
distress syndrome.

2015 20192007 2010

1.0

0.5

0.0

P
re

di
ct

ed
 p

ro
ba

bi
lit

y 
of

 in
-h

os
pi

ta
l d

ea
th

Year

Figure 3 Predicted probabilities of in-hospital mortality stratified 
by the year of implantation with 95% confidence intervals (red 
lines) from the logistic regression model using cubic spline 
interpolation, which shows no evidence for a trend over time.
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Figure 4 Number of V-V ECMO per year and mean SAPS II 
value. ECMO, extracorporeal membrane oxygenation; SAPS II, 
simplified acute physiology score II; V-V ECMO, veno-venous 
extracorporeal membrane oxygenation.
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Table 3 Complications of V-V ECMO therapy, indicated for all indications as well as for subgroups with different indications

Complications
All indications 

(n=221)
ARDS (n=138)

Bridge to lung 
transplantation  

(n=17)

Primary graft 
dysfunction after lung 
transplantation (n=4)

Other pulmonary 
disease indications 

(n=62)

Transfusions

Red blood cells (units) 3.0 (1.0 to 8.0) 3.0 (1.0 to 7.0) 8.0 (3.0 to 10.0) 9.5 (6.5 to 11.2) 3.0 (1.0 to 5.8)

5.3±5.3 5.3±5.3 7.8±5.0 8.2±4.5 4.7±5.4

Fresh frozen plasma (units) 0.0 (0.0 to 1.0) 0.0 (0.0 to 0.0) 1.0 (0.0 to 1.0) 0.0 (0.0 to 0.0) 0.0 (0.0 to 1.0)

0.5±1.2 0.4±1.2 0.9±1.1 0.0 0.7±1.3

Platelet concentrate (units) 0.0 (0.0 to 1.0) 0.0 (0.0 to 1.0) 0.0 (0.0 to 1.0) 0.0 (0.0 to 0.0) 0.0 (0.0 to 1.0)

1.4±3.4 1.6±3.6 0.7±1.0 0.0 1.3±3.6

Major bleeding, n (%) 37 (16.7) 18 (13.0) 5 (29.4) 0 (0.0) 14 (22.6)

Intra-cranial bleeding, n (%) 8 (3.6) 8 (5.8) 0 (0.0) 0 (0.0) 0 (0.0)

Stroke, n (%) 5 (2.3) 3 (2.2) 0 (0.0) 0 (0.0) 2 (3.2)

Newly developed liver failure, n (%) 24 (10.9) 16 (11.6) 1 (5.9) 0 (0.0) 7 (11.3)

Renal replacement therapy, n (%) 95 (43.0) 64 (46.4) 6 (35.3) 2 (50.0) 23 (37.1)

Ischemia, n (%)

Extremities 14 (6.3) 9 (6.5) 0 (0.0) 0 (0.0) 5 (8.1)

Intestinal 10 (4.5) 7 (5.1) 0 (0.0) 0 (0.0) 3 (4.8)

Data presents as median (IQR), mean ± SD, or n (%). V-V ECMO, veno-venous extracorporeal membrane oxygenation; ARDS, acute 
respiratory distress syndrome; IQR, interquartile range; SD, standard deviation. 

Table 4 Predictors for in-hospital mortality of patients on V-V ECMO therapy by adjusted multiple logistic regression

Predictor variables Odds ratio 95% CI P value

Age (per year) 1.05 1.02 to 1.07 0.001

Indication

ARDS Reference

Bridge to lung transplantation 1.56 0.39 to 5.66 0.51

Primary graft dysfunction after LTX 1.58 0.07 to 14.34 0.71

Other pulmonary disease 1.46 0.61 to 3.46 0.39

Transfusions

Red blood cells (0.1 unit/day) 1.91 1.39 to 2.74 <0.001

Fresh frozen plasma (0.1 unit/day) 1.26 0.62 to 3.55 0.65

Platelet concentrate (0.1 unit/day) 1.93 1.28 to 3.15 0.004

Newly developed liver failure 4.83 1.27 to 20.3 0.02

V-V ECMO, veno-venous extracorporeal membrane oxygenation; ARDS, acute respiratory distress syndrome; LTX, lung transplantation; CI, 
confidence interval.
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interpolation in the logistic regression model. One may 
speculate that there is an overall slight decrease in mortality 
by the end of the study in 2019 compared to the start of the 
study in 2007, as shown in Figure 3. However, the broader 
confidence intervals in the years before 2010 produced by a 
smaller sample size do not enable precise estimates. Thus, 
detecting a possible difference in mortality is precluded. 
This is in contrast to our expectation that technological 
improvements and an advanced understanding of ECMO 
support would have exerted an effect of time on mortality.

The systematic review and meta-analysis of Mitra et al. 
showed that patients with renal replacement therapy on 
ECMO had a higher mortality and a longer intensive care 
unit (ICU)/hospital stay compared to those without (23). 

One focus  of  the  s tudy was  the assessment  of 
independent mortality predictors in patients with V-V 
ECMO therapy. To accomplish this endeavor, we used the 
multiple logistic regression model (Table 4). Consistent 
with previously published data, we found that increasing 
age in patients undergoing V-V ECMO treatment was 
associated with higher mortality (18). A recent retrospective 
study showed that patients 65 years of age and older have 
low rates of survival to hospital discharge (24). As there 
is a trend towards older patients receiving V-V ECMO 
therapy, it is currently subject of debate whether criteria 
and scoring systems should include age as a variable. Beside 
age also BMI is a factor strongly influencing the decision 
about ECMO usage. Currently, numerous publications 
indicate no effect of high BMI on mortality associated with 
the use of ECMO (25). Our cohort showed a mean BMI of 
25.6 kg/m² (22.2 to 29.4 kg/m²) indicating that our patient 
collective was not obese. Therefore, analyzing the impact of 
obesity on mortality seems not meaningful with our patient 
collective and we did not add BMI to the multiple logistic 
regression model.

We identified newly detected liver failure as an 
independent predictor associated with mortality. Few data 
are available on the prognostic role of liver failure pre-
cannulation but also during V-V ECMO treatment (26-28). 
Lazzeri et al. (27) reported that persistence of increased 
markers of hepatic dysfunction in ARDS patients with 
V-V ECMO therapy results in a significantly higher risk 
of death. Dizier et al. (26) showed that hepatic dysfunction 
was independently associated with 90-day mortality in 
patients with ARDS. Beside V-V ECMO, we found a 
new manifestation of liver failure during veno-arterial (V-
A) ECMO treatment to be significantly associated with 
mortality (14). This is in line with the findings of Roth 

et al. reporting alkaline phosphatase and total bilirubin 
as strong predictors for 30-day mortality as well as long 
term mortality in patients undergoing ECMO following 
cardiovascular surgery (29). Acquired liver injury represents 
the most common form of hepatic dysfunction in the 
intensive care unit (30). It can occur after a hypoxic (e.g., 
shock), toxic (e.g., hepatotoxic drugs) or inflammatory 
insult (e.g., sepsis). Bilirubin is a marker of liver dysfunction 
and established as prognostic factor [e.g., Sequential 
Organ Failure Assessment (SOFA), Model for End-Stage 
Liver Disease (MELD)] (31,32). Hepatocellular damage 
interferes with other organ functions through metabolic 
signaling functions, inflammatory properties and immune  
response (33). Specific pulmonary dysfunction related to 
liver disease involves diffusion abnormalities along with 
the development of hepatopulmonary syndrome and 
portopulmonary hypertension (34). However, it is still 
unclear to what extent ECMO therapy impairs the liver 
function. These results indicate that newly detected liver 
failure may essentially contribute to the failure of V-V 
ECMO which needs to be subject to further investigation. 

The regression analysis revealed that the number of 
transfused red blood cells as well as platelet concentrates 
is significantly associated with increased mortality. A large 
body of literature suggests that transfusion of allogenic 
blood products per se is independently associated with 
adverse outcomes including increased morbidity and 
mortality (35-38). In the setting of ECMO support, 
Guimbretière et al. described a prognostic impact of blood 
product transfusion (39). A recent systematic review and 
meta-analysis demonstrated ongoing uncertainty about 
transfusion triggers in ECMO patients (40). We conclude 
that a restrictive transfusion threshold during ECMO leads 
to a favorable clinical outcome in this single-center cohort. 
Another observational study in adults with V-V ECMO 
support showed that higher red blood cell transfusions 
were associated with mortality (41). We recently provided 
evidence for each allogenic blood transfusion unit given 
per day being an independent mortality predictor in V-A 
ECMO patients (14). We expected that transfusion and 
bleeding complications during V-V ECMO therapy may 
be closely related to each other. Hemorrhage in V-V 
ECMO patients has been shown to be strongly associated 
with higher mortality (42,43). However, we found in 
our analysis that bleeding complication per se was not 
an independent mortality predictor. This implies that 
allogenic blood transfusions may have a direct impact 
on mortality. Moreover, the recent findings by Martucci  
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et al. in the PROTECMO study provide further support 
to the harms of blood transfusion in adults specifically 
with V-V ECMO treatment (44). In this international, 
multicentre, prospective, cohort study done in 41 ECMO 
centers, 83% of patients received at least one packed red 
blood cell (PRBC) unit. A restrictive transfusion strategy 
(PRBC transfusion with haemoglobin concentration of 
less than 7 g/dL) was associated with reduced risk of death. 
These findings endorse our results highlighting the value 
of allogenic blood transfusion as an independent mortality 
predictor. 

Our study contains some limitations. Its retrospective 
design describes potential associations but cannot be used 
to definitely prove causation. Moreover, the study was only 
conducted in a single center. Due to the sample size, we 
have a lack of power to detect small differences between 
survivors and non survivors. Advances in technology and 
increased knowledge of V-V ECMO use during a study 
period of 13 years may have a beneficial effect on mortality. 
However, our data could not show such a benefit over time. 
The indication for ECMO implantation has changed in the 
past, becoming more liberal over time. Further, we analyzed 
a heterogenous patient collective. Due to the sample size, 
we have a lack of power to detect small differences between 
survivors and non survivors.

Conclusions

Patients undergoing V-V ECMO therapy still face high 
mortality. Our results corroborated previous data describing 
age as an independent mortality predictor. We identified 
novel risk factors such as newly developed liver failure and 
transfusion of red blood cells and platelet concentrates 
that are significantly associated with increased mortality. 
Knowledge of such independent predictors of mortality 
may help to develop strategies such as Patient Blood 
Management to improve outcome of patients on V-V 
ECMO. 
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Supplementary

Table S1 Description of collected variables 

Variable Category Description

Age Interval scale Documented in years. From clinic information system.

BMI Interval scale Body Mass Index. Calculated from weight (in kilograms) divided by size (in meters) as square root.

Sex Nominal
Dichotomous

- Female
- Male

SAPS II Ordinal Simplified Acute Physiology Score II documented during intensive care. Score between 0 and 163 
points. From clinic information system.

Charlson comorbidity 
index

Ordinal Score between 0 and 37. Clinical conditions and associated points based on medical records:
- 1 each: Myocardial infarction, congestive heart failure, peripheral vascular disease, dementia, 

cerebrovascular disease, chronic lung disease, connective tissue disease, ulcer, chronic liver 
disease, diabetes.

- 2 each: Hemiplegia, moderate or severe kidney disease, diabetes with end organ damage, 
tumor, leukemia, lymphoma.

- 3 each: Moderate or severe liver disease.
-6 each: Malignant tumor, metastasis, AIDS.

Coronary artery disease Nominal
Dichotomous 

International Classification of Diseases (ICD) diagnosis or history of myocardial infarction (ECG 
changes and/or enzyme changes).

- yes or no

Congestive heart failure Nominal
Dichotomous

ICD diagnosis of congestive heart failure.
- yes or no

Obstructive pulmonary 
disease

Nominal
Dichotomous

ICD diagnosis of chronic obstructive pulmonary disease.
- yes or no

Diabetes mellitus Nominal
Dichotomous

ICD diagnosis of Type I or II diabetes mellitus.
- yes or no

Chronic kidney disease Nominal
Dichotomous

On dialysis, status post kidney transplant, uremia, or creatinine >3 mg/dL (0.27 mmol/L).
- yes or no

Hemoglobin Interval scale Laboratory value in in g/l.

Lactate Interval scale Laboratory value in mmol/l.

Myoglobin Interval scale Laboratory value in µg/l.

Creatinine Interval scale Laboratory value in μmol/L.

External insertion Nominal
Dichotomous

ECMO insertion by ECMO-Team of University Hospital Zurich (USZ), Switzerland in another 
hospital before transfer to USZ for definitive care.

- yes or no

Insertion technique Nominal Documented insertion of ECMO cannula.
- Seldinger peripheral
- Surgical peripheral, “cut-down”, vascular graft
- Central

ECMO outcome Nominal After ECMO system stop.
- Dead
- Successful weaning
- Bridge to assist device
- Bridge to transplant

Erythrocyte 
concentrate

Interval scale Number of EC transfusions. From clinic information system.

Fresh frozen plasma Interval scale Number of FFP transfusions. From clinic information system.

Platelet concentrate Interval scale Number of PC transfusions. From clinic information system.

Major bleeding Nominal
Dichotomous

Condition during intensive care and ECMO support which requires substitution of coagulation 
factors or blood product transfusion or surgery/intervention.

- yes or no

Intra-cranial bleeding Nominal
Dichotomous

ICD diagnosis documented during intensive care and ECMO support.
- yes or no

Stroke Nominal
Dichotomous

ICD diagnosis documented during intensive care and ECMO support.
- yes or no

Liver failure Nominal
Dichotomous

ICD diagnosis documented during intensive care and ECMO support. Includes NOT liver 
insufficiency or solely elevated liver laboratory values.
- yes or no

Renal replacement 
therapy

Nominal
Dichotomous

Condition during intensive care and ECMO support which required (continuous) renal replacement 
therapy.

- yes or no

Ischemia extremities Nominal
Dichotomous

Documented ischemia of an extremity in relation to ECMO cannulation.
- yes or no

Ischemia intestinal Nominal
Dichotomous

Documented intestinal ischemia during intensive care and ECMO support. Also includes Non-
occlusive mesenteric ischemia (NOMI).

- yes or no

Length ECMO Interval scale Duration of ECMO support in (calendar) days.

Length ventilation Interval scale Duration of mechanical ventilation in (calendar) days.

Length ICU Interval scale Duration of intensive care in (calendar) days.

Length of stay Interval scale Duration of overall hospital stay in (calendar) days. From clinic information system.

BMI, body mass index; SAPS, Simplified Acute Physiology Score; ECMO, extracorporeal membrane oxygenation; ICU, intensive care unit.
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Table S2 Logistic regression model with SAPS II

Predictor variables Odds ratio 95% confidence interval P value

SAPS II (per point) 1.0 0.98 to 1.02 0.96

Age (per year) 1.05 1.02 to 1.08 0.001

Indication

ARDS Reference

Bridge to lung transplantation 1.76 0.38 to 7.53 0.45

Primary graft dysfunction after LTX 1.77 0.08 to 17.13 0.65

Other pulmonary disease 1.57 0.63 to 3.93 0.33

Transfusions

Red blood cells (0.1 unit/day) 1.96 1.40 to 2.86 < 0.001

Fresh frozen plasma (0.1 unit/day) 1.87 0.68 to 5.87 0.29

Platelet concentrate (0.1 unit/day) 1.84 1.22 to 3.05 0.008

Newly developed liver failure 4.75 1.19 to 21.08 0.03

ARDS, acute respiratory distress syndrome; LTX, lung transplantation.

Figure S1 Receiver operating characteristic curve for the logistic 
regression model. In-sample receiver operating characteristic 
(ROC) curve that corresponds to our model. The area under 
the curve (AUC) belonging to that curve is 0.85 with a 95 % 
confidence interval from 0.8 to 0.91.


