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Background: Extracorporeal life support (ECLS) therapy is increasingly used for cardiac and respiratory
support postcardiotomy, refractory cardiogenic shock and cardiopulmonary resuscitation. This study aims to
describe in-hospital mortality of patients requiring ECLS, identify independent predictors associated with
mortality and analyze changes of mortality over time.

Methods: This retrospective study includes all adult ECLS cases at the University Hospital Zurich, a
designated ECLS center in Switzerland, in the period 2007 to 2019.

Results: ECLS therapy was required in 679 patients (median age 60 years, 27.5% female). In-hospital
mortality was 55.5%. Cubic spline interpolation did not detect evidence for a change in mortality over
the whole period of 13 years. In-hospital mortality significantly varied between ECLS indications: 70.7%
(152/215) for postcardiotomy, 67.9% (108/159) for cardiopulmonary resuscitation, 47.0% (110/234) for
refractory cardiogenic shock, and 9.9% (7/71) for lung transplantation and expansive thoracic surgery
(P<0.001). Logistic regression modelling showed excellent discrimination in the receiver operating
characteristic (ROC) area under the curve (AUC) of 0.89 [95% confidence interval (CI): 0.87-0.92] and
identified significant mortality predictors: age, simplified acute physiology score (SAPS) II, as well as
new liver failure and each allogenic blood transfusion unit given per day. ECLS after cardiopulmonary
resuscitation was associated with significantly higher mortality compared to ECLS for refractory cardiogenic
shock.

Conclusions: In-hospital mortality of patients treated with ECLS therapy is high. Outcomes have not
changed significantly in the observed period. We identified age, SAPS II, new liver failure and each allogenic
blood transfusion unit given per day as independent mortality predictors. Knowledge of predictors strongly
associated with in-hospital mortality may affect future decisions about ECLS indications and the respective

management to use this elaborate therapy more effectively.
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Introduction

Extracorporeal life support (ECLS) is the ultimate
treatment option in patients with acute heart or respiratory
failure refractory to conventional treatment. ECLS therapy,
respectively veno-arterial extracorporeal membrane
oxygenation (V-A ECMO) is used increasingly (1,2).
Especially post-cardiotomy extracorporeal life support (PC-
ECLS) has shown a remarkable increase (3). However, there
is insufficient evidence regarding the benefits or harms of
ECLS therapy in different patient collectives (4-8). This
lack of studies was the limiting factor in a recent Cochrane
analysis on the topic (9). Despite technical improvements
and increasing experience, the mortality of patients
undergoing ECLS therapy remains high. Recent studies
and meta-analyses report highly variable mortality ranging
from 35.0% to 76% (4,6,8,10-13). Clinical reality presents
a heterogeneous patient collective requiring a complex
diagnostic and therapeutic pathway. An increasing number
of critically ill patients with unclear prognosis is supported
with ECLS therapy. Withholding an ECLS installation is
an ethical dilemma (1). Consequently, it is important to
have more information about the course of ECLS therapy.
This study describes a multivariable prediction model to
gain further evidence with this emerging therapy option.
We developed a comprehensive analysis on the outcome
of ECLS patients over 13 years at the University Hospital
Zurich in Switzerland. We present the following article in
accordance with the TRIPOD reporting checklist (available
at https://jtd.amegroups.com/article/view/10.21037/jtd-21-
1770/rc).

Methods

The study was conducted in accordance with the Declaration
of Helsinki (as revised in 2013). The study was approved
and the requirement for written informed consent was
waived by the Cantonal Ethics Commission of Zurich,
Switzerland (BASEC-Nr. 2019-01926).
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Study design

This retrospective, observational single-center study was
conducted at the University Hospital Zurich in Switzerland,
a tertiary care referral hospital and designated ECLS
center. We included all adult patients treated with ECLS
therapy between January 2007 and December 2019.
Solely cases with veno-arterial (V-A) cardiocirculatory
or cardiopulmonary support were considered. Data
was extracted from the clinic-specific registers and the
hospital-wide clinical information system through medical
controlling. Exclusion criteria were age below 18 years
and documented refusal of consent (Figure I). We grouped
indications for ECLS therapy in four common categories
according to current literature (1,2,4): postcardiotomy,
cardiopulmonary resuscitation, refractory cardiogenic
shock, and other. Included in “postcardiotomy” group
are ECLS indications of intraoperative weaning failure
from cardiopulmonary bypass, and postoperative
refractory cardiogenic shock. Patients treated with
ECLS during cardiac arrest or immediate after return of
spontaneous circulation (ROSC) are assigned to the group
“cardiopulmonary resuscitation”. The category “other”
included ECLS indications for lung transplantation and
expansive thoracic surgery.

Study endpoints

"This study aims to describe in-hospital mortality, to identify
independent predictors associated with mortality and to
analyze changes of mortality over time.

Data collection and variables

We manually reviewed the medical records of all included
patients. Based on operative and intensive care unit reports,
pre-defined variables were extracted of the corresponding
cases (definition of variables in Table S1). Coding data and
administrative data were saved and exported from SAP
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n=903
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ventricular assist device) n=224
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Postcardiotomy Refractory cardiogenic shock
n=215 n=234

Cardiopulmonary resuscitation Other
n=159 n=71

Figure 1 Patient selection flowchart and indication groups. ECLS, extracorporeal life support; V-V ECMO, veno-venous extracorporeal

membrane oxygenation.

ERP (SAP AG, Walldorf, Germany). Business intelligent
software Qlikview (QlikTech, Radnor, PA, USA) was a step-
in data evaluation. The closest laboratory value before (T0)
and after (T'1) ECLS insertion was noted. We performed
agreement analysis with Bland-Altman plots to determine
the difference between TO and T1 for each laboratory
parameter. To minimize missing data, missing values of T0
were complemented with data from T'1, because agreement
analysis showed consistency. The variable “length of stay”
was used to calculate the amount of transfusion parameters
given per day. For this task, a length of stay value of 0 was
replaced by 1 to avoid dividing by zero; 30-day survival was
defined as 30-day survival after ECLS implantation.

ECLS insertion

At the beginning of the study period, peripheral cannulation
for ECLS was performed surgically by cut-down to the
common femoral artery. The arterial cannula was inserted
via a graft sewed on to the artery. After percutaneous
techniques became available, the standard procedure
included cannulation of the common femoral artery with
a perfusion limb through the superficial femoral artery. In
both, surgical cut-down and percutaneous ECLS insertion,
the venous cannula was placed through the common femoral
vein in the right atrium, with the tip at the confluence of the
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superior vena cava. In central ECLS, the arterial cannula
was inserted in the ascending aorta, and the venous cannula
in the right atrium. The same cannulation strategy was
applied for ECLS implantation in referring hospitals (14).
At our institution, ECLS insertion is performed by cardiac
surgeons with transesophageal echocardiographic guidance
by a cardiac anesthetist.

Statistical analysis

For descriptive statistics, we show median and interquartile
range (IQR) or mean and standard deviation (SD) for
continuous variables. For categorical variables, we show
counts and proportions. We checked if there is a relation
between two categorical variables with Fisher’s exact test.
Mann-Whitney test was used to compare two groups with
respect to continuous data.

We used a multiple logistic regression model to assess the
effect of possibly influential variables on the binary variable
in-hospital mortality. The predictor variables were chosen for
clinical reasons. There was no evidence of multicollinearity,
as assessed by Spearman’s correlation. In order to capture
potential changes over time, we included a cubic spline for
the time variable in the model. The associated effect of time
was shown in a graph. We calculated the within-sample
receiver operating characteristic (ROC) curve to determine
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discrimination of our regression model. We plotted Kaplan-
Meier estimates for duration of ECLS therapy per day for
each indication group, where a termination of ECLS due to
death was treated as a censoring event.

Hypothesis tests were 2-sided. A P value <0.05 was
considered statistically significant. Analyses were done with
R version 4.0.5 (15).

Results

We analysed 679 ECLS cases over 13 years. The patient’s
median age was 60 years, and 27.5% were female.
Most frequent comorbidities prior to ECLS insertion
were coronary artery disease, congestive heart failure,
and peripheral vascular disease. Specific differences
in descriptive statistics between the four indications
“postcardiotomy”, “refractory cardiogenic shock”,
“cardiopulmonary resuscitation”, and “other” (e.g., lung
transplantation and expansive thoracic surgery) for ECLS
are shown in 7able 1. Lung transplantations performed at
the ECLS primarily represent the indication of “others”
(58 out of 71 cases). The further 13 procedures are high-
risk pulmonary or tracheal surgeries involving ECLS.

The incidences of out-of-hospital and in-hospital
resuscitation was 40 respectively 119 out of total 159 cases in
the group of “cardiopulmonary resuscitation”. Mean down
time was 2 minutes (SD of 6.6 minutes, 12 missing cases).
ROSC was observed in 108 cases after mean 39.7 minutes (SD
of 33.6 minutes, 41 missing cases).

Type of cardiac surgery in the “postcardiotomy” group
was coronary artery bypass grafting (CABG) (n=42;
19.5%), valve repair/replacement (n=28; 13.0%), combined
(n=59; 27.4%), heart transplantation (n=17; 7.9%), aortic
dissection (n=37; 17.2%), and others (n=32; 14.9%).

Major bleeding events occurred mostly in the
postcardiotomy subgroup (33.5%), whereas the bleeding
events in subgroups cardiopulmonary resuscitation and
refractory cardiogenic shock were comparable (20.8% and
23.5%, respectively).

Median duration of ECLS support was 5 (IQR, 1.0-9.0)
days. ECLS therapy was thereby shortest in the “other”
group with 0 (0-2) days and longest for “refractory
cardiogenic shock” with 7.5 (4-13) days. The Kaplan-Meier
estimates of duration of ECLS therapy are shown in Figure 2.

Successful weaning was achieved in 45.1% (306 out
of 679 patients). 53 (7.8%) patients were bridged to an
assist device and 7 (1.0%) directly to heart transplantation.
Median length of hospital stay was 17 (IQR, 6.0-37.0) days.
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Overall, in-hospital mortality of ECLS therapy was
55.5% (377 out of 679 patients). In-hospital mortality varied
significantly between ECLS indications: 70.7% (152/215)
for postcardiotomy, 67.9% (108/159) for cardiopulmonary
resuscitation, 47.0% (110/234) for refractory cardiogenic
shock, and 9.9% (7/71) for lung transplantation and
expansive thoracic surgery (P<0.001) (Figure 3). Comparing
in-hospital survival with 30-day survival shows a similar
profile within the indications (7able 1).

Regarding the cannulation strategy, considered over
all cases, the distribution of survivors and non-survivors is
comparable. Considering the specific subgroups, the more
invasive the cannulation, the higher the mortality, especially
for postcardiotomy (Table S2).

Figure 4 shows the predicted mortality stratified by the
year of implantation. The results are based of the logistic
regression model with the cubic spline. No evidence for a
trend over time could be detected.

We entered variables of clinical interest into a multiple
logistic regression model to identify associated predictors
for in-hospital mortality (Table 2). Compared to ECLS
for “refractory cardiogenic shock” (reference category),
ECLS after “cardiopulmonary resuscitation” was associated
with significantly higher mortality [odds ratio (OR) =2.25;
95% confidence interval (CI): 1.20-4.27; P=0.01]. Age
and simplified acute physiology score (SAPS) II were
also significant predictors. Notably, we found very strong
evidence that each unit of any allogenic blood transfusions
given per day was associated with a significantly higher
mortality. Red blood cell transfusion with an OR of
1.68 (95% CI: 1.33-2.15; P<0.001), fresh frozen plasma
transfusion with an OR of 2.37 (95% CI: 1.34-4.64;
P=0.007), and platelet concentrate transfusion with an OR
of 1.49 (95% CI: 1.15-2.02; P=0.005). Correspondingly,
52 out of 302 survivors (17.2%) and 119 out of 377 non-
survivors (31.6%) experienced the adverse event “major
bleeding”. Further, we determined new onset of liver
failure to be associated with in-hospital mortality with an
OR of 3.12 (95% CI: 1.50-6.78; P=0.003). The within-
sample ROC curve for the logistic regression model showed
excellent discrimination with an area under the curve (AUC)
of 0.89 (95% CI: 0.87-0.92), (Figure S1). In a sub analysis
we performed the logistic regression models for each
indication separately (Tables S3-S5).

Discussion

In this retrospective study, we analyzed 679 ECLS cases
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Table 1 Description of ECLS group characteristics for all indications pooled, as well as separate indications

Sahli et al. ECLS mortality and predictors

ECLS therapy for

All indications
(n=679)

Postcardiotomy
(n=215)

Cardiopulmonary
resuscitation
(n=159)

Refractory
cardiogenic shock
(n=234)

Other indications
(n=71)

Patient characteristics

Age (years)

BMI (kg/m?)

Sex (female)

SAPS Il (points) (n=626)

Charlson comorbidity index

Transplantation
Heart
Lung

Baseline laboratory parameters

Lactate (mmol/L)

Haemoglobin (g/L)

Myoglobin (ug/L)

Creatinine (umol/L)

Comorbidities

Coronary artery disease

Congestive heart failure

Peripheral vascular disease

Obstructive pulmonary disease

Diabetes mellitus

Chronic kidney disease

ECLS

External insertion'

Insertion technique
Seldinger peripheral
Surgical peripheral
Surgical central

Further cardiac support system
Intra-aortic balloon pump
Impella®

Successful weaning

Bridge to assist device

Bridge to transplantation

60.0 (49.0 to 69.0)
25.7 (22.9 t0 29.0)

187 (27.5)

52.0 (40.0 to 71.0)
3.0 (2.0 to 5.0)

21 (3.1)
68 (10.0)

6.6 (5.3) [83]

102.5 (27.9) [28]

133.6 (78.1) [10]

326 (48.0)
243 (35.8)
118 (17.4)
55 (8.1)
97 (14.3)
53 (7.8)

62 (9.1)

445 (65.5)
96 (14.1)
138 (20.3)
83 (12.2)
66 (9.7)
17 (2.5)
306 (45.1)
53 (7.8)
7(1.0)

64.0 (56.0 to 73.0)
26.2 (23.5 to 29.8)
56 (26.1)
53.0 (42.0 to 69.0)
4.0(3.0t05.2)

16 (7.4)
0(0.0)

8.9 (5.1) [27]
87.8 (20.6) [2]

132.5 (68.0) [5]

112 (52.1)
107 (49.8)
34.2)
17.(7.9)
30 (13.9)
25 (11.6)

2(0.9)

81(37.7)
41 (19.1)
93 (43.3)
37 (17.2)
34 (15.8)
3(1.4)
76 (35.4)
10 (4.7)
0(0.0)

60.0 (48.0 to 68.0)
26.0 (24.0 to 29.0)
44 (27.7)
68.5 (47.0 to 82.0)
3.0 (1.0t0 5.0)

1(0.6)
1(0.6)

8.3 (5.1) [11]
110.6 (30.9) [9]

135.3 (68.4) [2]

99 (62.3)
41(25.8)
73 (34.0)
7 (4.4)
26 (16.4)
9 (5.7)

21(13.2)

135 (84.9)
15 (9.4)
9(5.7)

22 (13.8)

17 (10.7)
5 (3.1)

56 (35.2)
8 (5.0)
1(0.6)

56.0 (46.2 to 66.0)
24.9 (22.8 to 28.5)
65 (27.8)
50.5 (39.0 to 68.0)
3.0 (1.0t0 5.0)

4(1.7)
9(3.9)

4.8 (4.3) [42]
108.0 (27.1) [17]

2,031.6 (4,526.1) [31] 1,968.3 (4,261.2) [9] 3,321.8 (6,073.4) [3] 1,550.4 (3,879.6) [10]

151.9 (93.1) [2]

106 (45.3)
89 (38.2)
20 (12.6)
15 (6.4)
32 (13.7)
15 (6.4)

39 (16.7)

203 (86.8)
31(13.2)
0(0.0)
24 (10.3)
15 (6.4)
9(3.9)
107 (45.7)
35 (15.0)
6 (2.6)

56.0 (43.5 to 61.0)
24.1 (19.5t0 27.1)
22 (31.0)
37.0 (29.0 to 50.8)
2.0 (1.0 to 3.0)

0(0.0)
58 (81.7)

1.2 (2.1)[3]
112.9 (25.9) [0]
733.7 (819.0) [9]
73.2 (25.9) [1]

9 (12.7)
6 (8.4)
22 (9.4)
16 (22.5)
9 (12.7)
4 (5.6)

0(0.0)

26 (36.6)
9 (12.7)
36 (50.7)
0(0.0)
0(0.0)
0(0.0)
67 (94.4)
0(0.0)
0(0.0)

Table 1 (continued)
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Table 1 (continued)

1965

All indications Postcardiotomy Cardlopullm(.Jnary Befrac?tory Other indications
ECLS therapy for (n=679) (n=215) resuscitation cardiogenic shock (n=71)
- a (n=159) (n=234) -
Mortality
In-hospital mortality 377 (55.5) 152 (70.7) 108 (67.9) 110 (47.0) 7 (9.9)
Death during ECLS therapy 313 (46.1) 129 (60.0) 94 (59.1) 86 (36.8) 4 (5.6)
In-hospital death after ECLS 64 (9.4) 23 (10.7) 14 (8.8) 24 (10.2) 3(4.3)
weaning
30-day survival 316 (46.8) [4] 71 (33.0) 47 (29.7) [1] 133 (57.6) [3] 65 (91.5)

Complications during ECLS therapy
Transfusions

Red blood cells (units) 3.0(1.0t0 5.0)

3.0(1.0 t0 5.0)

2.0 (1.0 to 4.0)

4.0(2.0t0 7.0)

2.0 (1.0 to 5.0)

4.3 (5.2) 4.6 (6.6) 2.8(3.7) 5.0 (4.6) 4.1 (4.8)
Fresh frozen plasma (units) 1.0(0.0to0 1.0) 1.0(1.0to 1.0) 0.0(0.0t0 1.0) 0.0 (0.0t0 1.0) 0.0 (0.0t0 0.0
0.8 (1.0) 1.2(1.0) 0.6 (0.8) 0.6 (1.0) 0.3(0.7)
Platelet concentrate (units) 1.0 (0.0 to 2.0) 2.0(1.0t0 3.0) 0.0 (0.0t0 2.0) 1.0 (0.0 to0 2.0) 0.0 (0.0t0 0.0)
1.5 (2.2) 2.1 (2.2) 1.2 (1.9) 1.5 (2.3) 0.5 (1.5)
Major bleeding 171 (25.2) 72 (33.5) 33 (20.8) 55 (23.5) 11 (15.5)
Sepsis 99 (14.6) 24 (11.2) 16 (10.1) 53 (22.6) 6 (8.4)
Intra-cranial bleeding 25 (3.7) 5 (2.3) 6(3.8) 13 (5.6) 1(1.4)
Stroke 36 (5.3) 16 (7.4) 9(5.7) 11 (4.7) 0(0.0)
Liver failure 101 (14.9) 48 (22.3) 21 (13.2) 31 (13.2) 1(1.4)
Renal replacement therapy 308 (45.4) 114 (53.0) 72 (45.6) 108 (46.1) 14 (19.7)
Ischemia
Extremities 91 (13.4) 19 (8.8) 25 (15.7) 41 (17.5) 6 (8.4)
Intestinal 48 (7.1) 22 (10.3) 9(5.7) 15 (6.4) 2(2.8)
Laparotomy (bleeding, 51 (7.5) 19 (8.8) 11 (6.9) 14 (6.0) 7 (9.9)
intestinal ischemia)
Open chest therapy 119 (17.5) 90 (41.9) 12 (7.5) 16 (6.8) 1(1.4)

Duration

Length ECLS (days) 5.0(1.0t0 9.0

Length ICU (days)

11.0 (3.0 to 23.0)

5.0 (1.0 to 8.0)
10.0 (2.0 to 20.0)

4.0 (1.0 to 8.0)
7.0 (2.0 to 16.0)

7.5 (4.0 to 13.0)
15.0 (8.0 to 29.0)

0.0 (0.0 to 2.0)
8.5 (3.0 to 30.0)

39.0 (31.0 to 61.5)

10.0 (3.0t022.5)  22.0 (12.0 to 45.0)

Length of hospital stay (days) 17.0 (6.0 to 37.0) 14.0 (4.5 t0 29.0)

Data presents as median and IQR or mean and SD. Categorical variables as number and percentage (%). If necessary, the deviating
number indicates in parentheses [n]. T, ECLS insertion by University Hospital Zurich outreach team in another hospital before transfer
to University Hospital Zurich for definitive care. ECLS, extracorporeal life support; BMI, body mass index; SAPS I, simplified acute
physiology score II; ICU, intensive care unit; IQR, interquartile range; SD, standard deviation.
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Indication -+ Postcardiotomy Cardiopulmonary

resuscitation

Refractory Other
cardiogenic shock

1.00

0.75

0.50

0.25

Probability for staying on ECLS

0.00 +

T T T T T
0 20 40 60 80
Time on ECLS, days
Figure 2 Kaplan-Meier estimates of duration of ECLS therapy.
An event is defined as any reason for termination of ECLS therapy
except death, which is defined as a censoring event. ECLS,

extracorporeal life support.

100 ~

152/215
108/159

80

377/679
110/234

Mortality, %

Figure 3 Frequency graph. Bars showing in-hospital mortality
per indication for ECLS therapy. The frequencies are shown in
percent. P value of Fisher’s exact test <0.001. ECLS, extracorporeal

life support.

over a 13-year period in a single tertiary care referring
ECLS center. To the best of our knowledge, this is one of
the largest single-center ECLS analysis reported so far.

We found a high in-hospital mortality in ECLS patients:
55.5% of all patients died. A German nationwide analysis

© Journal of Thoracic Disease. All rights reserved.
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Predicted probability of in-hospital death

T T T T
2007 2010 2015 2019
Year

Figure 4 Predicted probabilities of in-hospital death stratified by
the year of implantation with 95% ClIs (red lines) from the logistic
regression model using cubic spline interpolation. CI, confidence

interval.

of 22°687 V-A ECMO runs described a similar but slightly
higher hospital mortality of 65.6% (11). One reason for the
difference may be the use of ECLS for lung transplantation
and expansive thoracic surgery in our cohort. These
surgeries are summarized in our “other” indications group,
which showed the lowest mortality (9.9%). The distinct risk
profile of patients in the “other” group may also explain
the shorter duration of ECLS therapy, as compared to the
remaining three groups in the Kaplan-Meier estimates.
In-hospital mortality during or after ECLS therapy
differed significantly between the reported indications.
"This knowledge will help as a rationale for decision making
in future ECLS cases. High mortality was observed for
postcardiotomy (70.7%) and related to cardiopulmonary
resuscitation (67.9%). Whereby the subgroup “out-of
hospital” cardiopulmonary resuscitation shows the distinct
highest mortality rate (85%). These results are in line with
a recent meta-analysis (4). Here, highest mortality was
observed on post cardiac arrest ECLS treatment (64-76%,
depending on out-of or in-hospital cardiac arrest) as well
as postcardiotomy (60%). There are some difficulties in
comparing mortality rates for different ECLS indications
between studies. Notably, there is no consensus on
predefined indication groups (16). In our study, we decided
on four groups. Three of them are widely used in current
literature [postcardiotomy (3,10,17,18), cardiopulmonary
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Table 2 Adjusted multiple logistic regression for in-hospital mortality of ECLS

Predictor variables OR 95% ClI P value
Intercept 0.01 0.00 to 0.47 0.02
Age (per year) 1.03 1.01t0 1.05 0.004
BMI (per kg/m?) 0.99 0.95t0 1.03 0.68
SAPS Il (per point) 1.02 1.00 to 1.03 0.02
Baseline laboratory values
Lactate (per mmol/L) 1.02 0.97 to 1.09 0.43
Haemoglobin (per g/L) 1.00 0.99 to 1.01 0.92
Myoglobin (per pg/L) 1.00 1.00 to 1.00 0.06
Creatinine (per umol/L) 1.00 1.00 to 1.00 0.70
Indication
Refractory cardiogenic shock Reference Reference Reference
Cardiopulmonary resuscitation 2.25 1.20 to 4.27 0.01
Postcardiotomy 1.12 0.56 to0 2.19 0.75
Other 0.45 0.10to0 1.53 0.24
Transfusions
Red blood cells (unit/day) 1.68 1.33t02.15 <0.001
Fresh frozen plasma (unit/day) 2.37 1.34 10 4.64 0.007
Platelet concentrate (unit/day) 1.49 1.1510 2.02 0.005
Liver failure 3.12 1.50t0 6.78 0.003
Length ECLS (per day) 1.02 0.99 to 1.06 0.23

ECLS, extracorporeal life support; OR, odds ratio; Cl, confidence interval; BMI, body mass index; SAPS I, simplified acute physiology

score Il

resuscitation (19,20) and refractory cardiogenic shock
(12,21)]. We added the fourth group (“other”) to account
for specific indications for ECLS use that cannot be
integrated into the three main groups considering the whole
ECLS cohort at our institution between 2007 and 2019.
Interestingly, there was no significant change of in-
hospital mortality during our observation period. To
account for a possible non-linear change, we used cubic
spline interpolation in the logistic regression model, as
shown in Figure 4. A slight increase of in-hospital mortality
in recent years can be seen, however, there are not enough
values in the earlier years to be able to show a difference,
as can be seen by the broader Cls in the years before 2010.
We can see from the plot that there is no evidence for
an effect of time on mortality. We would have expected
a mortality reduction over the years, due to the gained
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knowledge and improvement in the ECLS treatment. The
inclusion of higher risk patients in the recent years may
have contributed to the lack of reduction in mortality. This
observation is in line with comprehensive analyses of post-
cardiotomy ECLS (3,13). Further sub-group analysis for
primary graft dysfunction after heart transplantation (22) or
distinct focus on ECLS after CABG shows a high mortality,
too (23).

We identified specific risk predictors for in-hospital
mortality in the multiple logistic regression model (Table 2).
Increasing age and SAPS II were associated with higher
mortality. Advanced age is a well-known risk factor (10,18,21),
also revealed in a prospective cohort analysis (24). In
particular, patients older than 70 years are at highest risk of
not surviving to discharge (13). The SAPS II is a widely used
ICU risk predictor and has been shown to be also associated
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with ECLS mortality, although with poor discrimination
(25,26). ECLS after “cardiopulmonary resuscitation” was
associated with significant higher mortality compared
to ECLS for “refractory cardiogenic shock”. The sub-
group analysis of Alba ez 4. (4) for ECMO etiology showed
significantly different short-term mortality across groups (e.g.,
out-of-hospital cardiac arrest, heart failure, postcardiotomy),
also by multivariable metaregression after adjusting for age,
sex, and recruitment time frame.

We also found a new manifestation of liver failure during
ECLS therapy to be associated with higher in-hospital
mortality. Liver failure as an independent risk factor for
mortality has previously not been described in larger studies
and is supported by only limited literature regarding this
topic. Altered liver parameters during ECLS therapy are
known (27). The MELD-XI score is predictive of mortality
in ECLS (28,29). In case of liver failure, molecular
adsorbent recirculating system (MARS) therapy has been
described in patients on ECLS for safe and accelerated
recovery of liver function and improved survival to wean
from ECLS (30).

In our regression analysis, the number of transfused
allogenic blood products is considerably associated with
mortality. This finding is in line with the association of
transfusion of allogeneic blood products and increased
morbidity and mortality (31). The univariate analysis of
Guimbretiere et a/. (32) reported a prognostic impact of
blood product transfusion for ECLS therapy. A dose-
dependent relationship between the amount of transfused
red blood cells (33) respectively the total of red blood cell
units received during ECLS (34) was associated with in-
hospital mortality and adverse outcomes (35). A recent
systematic review suggested that a restrictive transfusion
threshold in ECLS management provides favorable
outcomes in single-center cohorts (36). Allogeneic blood
transfusion and bleeding complications may have some co-
linearity. In an early analysis of our study, we interestingly
found that bleeding complication during ECLS therapy
was not an independent mortality predictor. In contrast,
allogeneic blood transfusions were independently associated
with in-hospital mortality in our multivariate model. This
indicates that there may be additional factors regarding
allogenic blood transfusions apart from the bleeding
complication, that are worsening patient’s outcome.

We chose the predictor variables in our regression
model as variables of interest for clinical reasons. Within-
sample ROC analysis validates our choice by showing
excellent discrimination of our regression model (AUC
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0.89, Figure S1). This corresponds to discrimination of risk
scores designed specifically for predicting ECLS mortality
(6,26). As our study was primarily an exploratory study, we
did not split the data set in a training and a test set for the
calculation of the ROC and the AUC. In future studies,
these discriminatory abilities should be validated using a
new data set that was not used to train the model.

This study complements the existing heterogeneous
data situation. We confirmed previously described
predictors such as age and SAPS II score. Moreover, we
found additional parameters with impact on in-hospital
mortality, such as liver failure and transfusion of allogenic
blood products. Our results emphasize the importance
of risk stratification and ongoing evaluation of organ
function during ECLS therapy. These results offer new
therapeutic approaches for improving outcomes in ECLS
therapy. Further, the left ventricular distension under
ECLS therapy must be considered and direct venting is
a favorable strategy (37). While the prevention of ICU
associated liver failure may be difficult, alternatives to blood
transfusions exist. Patient Blood Management optimizes the
patient’s own blood volume, implements blood loss sparing
surgery techniques and advocates factor-based coagulation
management (31,38). These strategies have been shown to
be beneficial in many aspects of perioperative medicine, as
well as intensive care medicine (39).

Retrospective studies provide evidence of possible
causal relationships, in some cases compelling, but they
cannot provide definitive proof. Randomized studies
are challenging and currently ongoing. A consensus on
predefined indication groups as well as outcomes would
greatly benefit further studies in the field. The study was
conducted over 13 years, along with technological and
process improvements over this period, which causes a
considerable bias. However, risk factors that are significantly
associated with mortality over this long period appear to
have a substantial influence. In our multivariate analysis
we focused on variables which are not already known as
independent mortality predictors of ECLS therapy. In the
future, it would be very valuable to conduct a prospective
study to further develop and especially validate a prediction
model for (non-) favorable outcomes.

Conclusions

In-hospital mortality of patients treated with ECLS therapy
is high which has not changed in the observed period.
However, there are strong predictors associated with in-
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hospital mortality at the time of ECLS insertion but also
during ECLS therapy. Knowledge of these predictors may
affect future decisions about ECLS indications and the
respective management to use this elaborate therapy more
effectively with favorable outcomes.
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