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Abstract
Aims The mortality in cardiogenic shock (CS) is high. The role of speciﬁc mechanical circulatory support (MCS) systems is
unclear. We aimed to compare patients receiving Impella versus ECLS (extracorporal life support) with regard to baseline characteristics, feasibility, and outcomes in CS.
Methods and results This is a retrospective cohort study including CS patients over 18 years with a complete follow-up of
the primary endpoint and available baseline lactate level, receiving haemodynamic support either by Impella 2.5 or ECLS from
two European registries. The decision for device implementation was made at the discretion of the treating physician. The primary endpoint of this study was all-cause mortality at 30 days. A propensity score for the use of Impella was calculated, and
multivariable logistic regression was used to obtain adjusted odds ratios (aOR).
In total, 149 patients were included, receiving either Impella (n = 73) or ECLS (n = 76) for CS. The feasibility of device implantation
was high (87%) and similar (aOR: 3.14; 95% CI: 0.18–56.50; P = 0.41) with both systems. The rates of vascular injuries (aOR: 0.95;
95% CI: 0.10–3.50; P = 0.56) and bleedings requiring transfusions (aOR: 0.44; 95% CI: 0.09–2.10; P = 0.29) were similar in ECLS
patients and Impella patients. The use of Impella or ECLS was not associated with increased odds of mortality (aOR: 4.19; 95% CI:
0.53–33.25; P = 0.17), after correction for propensity score and baseline lactate level. Baseline lactate level was independently
associated with increased odds of 30 day mortality (per mmol/L increase; OR: 1.29; 95% CI: 1.14–1.45; P < 0.001).
Conclusions In CS patients, the adjusted mortality rates of both ECLS and Impella were high and similar. The baseline lactate
level was a potent predictor of mortality and could play a role in patient selection for therapy in future studies. In patients
with profound CS, the type of device is likely to be less important compared with other parameters including non-cardiac
and neurological factors.
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Introduction

Methods

Cardiogenic shock (CS) is still associated with a high mortality
rate, especially after cardiac arrest.1,2 CS due to acute myocardial infarction (AMI-CS) and cardiac arrest CS (CA-CS)
constitute the two major causes of the disease.3 Despite advances in medical management including the administration
of inotropes, vasopressors, and the introduction of dedicated shock teams, mortality remains high. Expectations
are therefore currently put in mechanical circulatory
support (MCS) systems, which may help to improve
haemodynamic condition without vasoconstrictive side
effects that frequently occur after the administration of
catecholamines.1,4–8
In the seventies and eighties, the intra-aortic balloon pump
(IABP) was used in nearly all AMI-CS patients, but recently,
the IABP-SHOCK II trial showed no beneﬁt of IABP as compared with medical treatment.9 The European Society of Cardiology (ESC) guidelines have downgraded its use to a class III
recommendation for routine use.10 However, new other
promising MCS were developed and successfully tested in
smaller non-randomized registries reporting outcomes of CS
patients.8,11
Extracorporal life support, ECLS, also known as
veno-arterial extracorporeal membrane oxygenation (VAECMO), has become a treatment option in CS patients, especially after percutaneous insertion has become feasible.12
However, it is still unclear whether ECLS has any beneﬁcial effect on mortality rate.7
The micro-axial Impella pump provides blood ﬂow from
the left ventricle into the ascending aorta and, thereby, augments mean arterial pressure and cardiac index. Using the
Impella, ﬂow rates of up to 5.5 L/min depending on the speciﬁc device diameter are feasible. Although the Impella lacks
the oxygenation support in respiratory failure compared with
ECLS, experimental studies reported left ventricular
unloading and improved blood ﬂow to the coronary arteries
in Impella patients, which could be especially beneﬁcial in
CS patients.13 Again, small randomized trials, large observational studies, and meta-analyses have thus far failed to show
a beneﬁt of Impella versus control.14–19 It is, however, very
likely that patient selection for MCS is very crucial in order
to show any beneﬁt of MCS.
As demonstrated by recent studies, besides clinical judgements and established scores, lactate level is a useful parameter for stratifying shock patients. It is directly correlated with
mortality rate and functional outcome in critically ill patients
both with and without MCS.20–23
There are only a few small-sized studies comparing Impella
versus ECLS in CS patients.24–27 We, therefore, aimed to compare Impella versus ECLS patients in a pooled data analysis
from two registries with regard to baseline characteristics,
feasibility, outcomes, and predictors of mortality with particular focus on baseline lactate concentration.

Study population and data collection
Patients with CS over 18 years receiving haemodynamic support either by Impella or ECLS from two European registries,
the Impella-EUROSHOCK registry and the German Lifebridge
registry, were included in this analysis.8,12 Patients were
included from 2005 to 2014. With regard to the
Impella-EUROSHOCK registry, shock criteria were deﬁned at
the discretion of the treating physician based on the SHOCK
(Should We Emergently Revascularize Occluded Coronaries
for Cardiogenic Shock) criteria.28 In order to maximize statistic validity, only patients with a complete follow-up of the primary endpoint and available baseline lactate level were
included in the study. Importantly, the decision for MCS application was made at the discretion of the treating physician.
Both CS patients with AMI-CS and CA-CS were included.
AMI-CS and CA-CS were deﬁned by the treating physician
using a case report form (CRF).
The primary endpoint of the study was all-cause mortality
at 30 days. Left ventricular ejection fraction was obtained
using bedside echo on the day of admission. Ethical approval
was obtained from the ethical committees of the participating centers.8,12

Device and procedure
Extracorporal life support implantation was performed via
percutaneous femoral access using a 15 to 17 French arterial cannula and 17 to 21 French venous cannulae according to the instructions of the manufacturer using
retrograde perfusion cannula. The Impella 2.5 was inserted
through a 13 French femoral arterial sheath and retrogradely positioned in the left ventricle. A pigtail-tip aims
to avoid myocardial injury and ensures a stable position
in the LV. The maximum ﬂow provided by the Impella 2.5
device is 2.5 L/min.

Secondary endpoints
The technical feasibility of device implantation was graded
by the implanting physician as ‘easy’, ‘suitable’, or ‘difﬁcult’
using a CRF. In this study, ‘easy’ and ‘suitable’ were considered ‘feasible’. Renal failure, multi-organ failure, vascular
injury during implantation, and bleeding requiring transfusion were clinically judged and graded using a CRF, and
no formal prespeciﬁed protocol was applied for these endpoints which were clinically judged by the treating
physicians.
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Statistical analysis
Statistical analyses were performed using SPSS statistical software, version 26.0 (IBM Corp. Released 2019, Armonk, NY,
USA). Baseline patient characteristics, procedural data, complications, and outcomes were analysed for the overall cohort. In this analysis, all patients with data on baseline
lactate concentration and 30 day mortality were included.
Missing values were imputed by multiple imputation. In total,
ﬁve imputations were calculated. Then, a propensity score on
the use of Impella was calculated using logistic regression
from the covariates sex, age, concomitant diseases (diabetes,
arterial hypertension, hyperlipidaemia, chronic renal insufﬁciency, atrial ﬁbrillation, PAD, previous AMI, and previous
CABG), smoking status, mean arterial pressure (MAP), ejection fraction (EF), BMI, presentation after CPR, shock after
myocardial infarction, use of inotropes and vasopressors,
heart rate, and use of mechanical ventilation for each imputed dataset. Results from analyses were pooled for inference using Rubin’s rules.29 The propensity scores were
applied using the Across approach.30 Categorical variables
are expressed by numbers and percentages. For continuous
variables, data are expressed as median ± interquartile range
(IQR). Differences between independent groups have been
calculated using one-way ANOVA. Logistic regression was
used to evaluate associations with the primary and secondary
endpoints. Odds ratios (OR) and adjusted odds ratios (aOR)
with 95% conﬁdence intervals (CI) were obtained. For a
multivariable logistic regression model, confounders with a
P-value <0.10 in the univariate analysis were included, and
then a backward variable elimination was performed. If not
stated explicitly, aORs refer to propensity score adjustment.
Additionally, multivariable models using propensity score plus
lactate and propensity score plus lactate plus complications
(vascular injury and bleeding needing transfusion) were built.
The elimination criterion was a P-value of more than 0.10.
P-values <0.05 were considered statistically signiﬁcant.

Table 1 Baseline characteristics
(extracorporal life support) patients

Age (years)
Female
BMI
Concomitant diseases
Arterial hypertension
Diabetes mellitus
Current smoker
Hyperlipoproteinaemia
COPD
Renal insufﬁciency
Atrial ﬁbrillation
Peripheral artery disease
Previous CABG
Previous AMI
Within 90 day

of

Impella

versus

ECLS

Impella
(n = 73)

ECLS
(n = 76)

P-value

63 (±19)
10 (14)
27 (±5)

63 (±22)
11 (15)
27 (±4)

0.18
1.00
0.52

45 (62)
21 (29)
22 (30)
25 (34)
11 (15)
18 (25)
15 (21)
10 (14)
5 (7)
9 (12)
11 (15)

50
46
24
23
21
11
18
14
11
15
18

(66)
(61)
(32)
(30)
(28)
(14)
(24)
(18)
(14)
(20)
(24)

0.63
<0.001
0.86
0.63
0.11
0.18
0.69
0.41
0.20
0.22
0.20

Continuous variables (age and BMI) are given as median ± IQR.
Categorial variables are given as N (%).
CABG, coronary artery bypass grafting; COPD, chronic obstructive
pulmonary disease.

(Table 2). Baseline lactate levels were higher in ECLS patients
(12.0 ± 12 vs. 4.10 ± 6.30; P < 0.001). ECLS patients
were also more often in the highest lactate level quartile
(>14.7 mmol/L; 39% vs. 10%; P < 0.001).
The rates of previous CPR were higher in ECLS patients
(72% vs. 39%; P < 0.001), whereas the rates of CS due to
acute myocardial infarction were higher in the Impella group
(89% vs. 14%; P < 0.001).

Feasibility, safety, and complications
Feasibility of device implantation was high (‘easy’ or ‘suitable’
in 88%) with both systems and similar between Impella and
ECLS (93% vs. 80%; aOR: 3.14; 95% CI: 56.50; P = 0.41). After
propensity score adjustment, rates of vascular injuries (25%
vs. 12%; aOR: 0.59; 95% CI: 0.10–3.50; P = 0.56) and rates
of bleedings requiring transfusions (64% vs. 27%; aOR: 0.44;
95% CI: 0.09–2.10; P = 0.29) were similar in ECLS and Impella
patients (Table 3).

Results
In total, 149 patients were included in this retrospective analysis, receiving either Impella (n = 73) or ECLS (n = 76) for CS.
Patients receiving Impella were at a similar age as patients receiving ECLS (63 ± 19 vs. 63 ± 22; P = 0.18; Table 1). There
were no relevant differences in preexisting diseases between
patients receiving Impella versus ECLS, except for less diabetes in Impella patients (27% vs. 59%; P < 0.001; Table 1).
Patients in the Impella group had in trend higher rates of
low left ventricular ejection fraction (EF < 35%) before device
implantation than patients in the ECLS group (78% vs. 58%),
but haemodynamic parameters such as heart rate and
blood pressure did not differ between the two groups

Outcomes
There was a trend towards higher 30 day mortality in ECLS
patients (83% vs. 70%; OR: 2.09; 95% CI: 0.22–1.04;
P = 0.06; Table 3) in univariable analysis. After correction
for (i) propensity score (aOR: 1.06; 95% CI: 0.17–6.75;
P = 0.95), (ii) propensity score plus lactate concentration at
baseline (aOR: 4.19; 95% CI: 0.53–33.25; P = 0.17), and (iii)
propensity score plus lactate plus procedural feasibility and
vascular injury (aOR: 4.37; 95% CI: 0.51–37.27; P = 0.17),
the use of Impella versus ECLS was not associated with significantly different odds for 30 day mortality.
ESC Heart Failure (2021)
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Table 2 Clinical characteristics, haemodynamic parameters, and lactate concentrations prior to MCS (mechanical circulatory support)
implantation
ECLS (n = 76)

P-value

27 (37)
65 (89)

55 (72)
11 (14)

<0.001
<0.001

62 (85)
56 (77)

64 (84)
58 (76)

0.001
0.04

33 (43)
92 (±48)
44 (58)
56 (74)

0.82
0.11
0.06
0.61

Impella (n = 73)
Previous CPR
Acute myocardial infarction
Medical haemodynamic support
Vasopressor use
Inotropes use
Haemodynamic parameters
Mean arterial pressure <65 mmHg
Heart rate (b.p.m.)
Left ventricular ejection fraction <35%
Mechanical ventilation
Lactate (mmol/L)
Baseline concentration
Baseline lactate (quartiles)
0–3.5 mmol/L
>3.5–8.3 mmol/L
>8.3–14.7 mmol/L
>14.7 mmol/L

34 (47)
102 (±26)
57 (78)
57 (78)
4.10 (±6.30)

<0.001
<0.001

12.0 (±12)

31 (42%)
24 (33%)
11 (15%)
7 (10%)

6 (8%)
15 (20%)
25 (33%)
30 (39%)

Continuous variables (heart rate and lactate baseline concentrations) are given as median ± IQR. Categorial variables are given as N (%).
CPR, cardiopulmonary reanimation; ECLS, extracorporal life support.

Table 3 Comparison of the primary and secondary endpoints between Impella versus ECLS (extracorporal life support) patients
Event rate

30 day mortality
Procedural endpoints
Vascular injury
Procedural feasibility
Clinical endpoints (judged by CRF)
Haemolysis
Renal failure
Bleeding requiring transfusion
Multi-organ failure

Unadjusted analysis

Propensity-adjusted analysis

Impella, n (%)

ECLS, n (%)

OR

95%CI

P-value

aOR

95%CI

P-value

51 (70)

63 (83)

0.48

0.22–1.04

0.06

1.06

0.17–6.75

0.95

9 (12)
68 (93)

19 (25)
61 (80)

0.42
3.06

0.17–1.01
1.02–9.16

0.054
0.046

0.59
3.14

0.10–3.50
0.18–56.50

0.56
0.41

15
25
20
28

17 (22)
29 (38)
49 (64)
25 (33)

0.91
0.85
0.20
1.26

0.31–2.72
0.42–1.72
0.10–0.41
0.60–2.62

0.86
0.66
<0.001
0.54

0.63
0.52
0.44
1.62

0.08–5.23
0.07–3.72
0.09–2.10
0.18–14.62

0.65
0.49
0.29
0.64

(21)
(34)
(27)
(38)

Reported are unadjusted ORs and propensity-score adjusted aORs with respective 95% CI and P-values.
CRF, case report-form; ECLS, extracorporal life support.

In univariable analysis, higher lactate level at baseline was
associated with increased odds of 30 day mortality (per
mmol/L increase; OR 1.24; 95% CI: 1.12–1.37; P < 0.001) at
high predictiveness (AUC: 0.79; 95% CI: 0.71–0.87). Further,
baseline lactate level was associated with 30 day mortality
in a sensitivity analysis assessing only ECLS (OR: 1.34; 95%
CI: 1.12–1.60; P = 0.001) and Impella (OR: 1.21; 95% CI:
1.03–1.42; P = 0.02), as well as patients with previous CPR
(OR: 1.20; 95% CI: 1.05–1.36; P = 0.006) and patients with
acute myocardial infarction (OR: 1.16; 95% CI: 1.02–1.32;
P = 0.03). In a multivariable logistic regression model, baseline lactate level was independently associated with increased odds of 30 day mortality after correction for
Impella use and propensity score (per mmol/L increase; OR:
1.29; 95% CI: 1.14–1.45; P < 0.001).
In sensitivity analysis (n = 112) excluding patients in the
highest lactate quartile (n = 37), there were no differences
between ECLS and Impella patients (68% vs. 72%; OR: 0.84;
95% CI: 0.37–1.93; P = 0.69) in 30 day mortality. In further

sensitivity analysis evaluating only patients with lactate concentration below the median lactate concentration
(≤8.3 mmol/L, i.e. patients in the two lowest baseline lactate
concentrations; n = 76), 30 day mortality was similar (62% vs.
57%; OR: 1.21; 95% CI: 0.44–3.72; P = 0.71) between Impella
and ECLS patients. This ﬁnding was consistent in all lactate
quartiles (Q1: 55% vs. 33%; P = 0.34; Q2: 71% vs. 67%;
P = 0.78; Q3: 100% vs. 86%; P = 0.99; Q4: 86% vs. 100%;
P = 0.99; Figure 1).

Discussion
In this study, mortality in CS patients was high, regardless of
the type of MCS applied. Still, the technical feasibility of both
the Impella and ECLS device was reported to be high. The
baseline lactate level was predictive for mortality in all
sub-groups that were assessed. In this retrospective analysis
ESC Heart Failure (2021)
DOI: 10.1002/ehf2.13200

Impella versus ECLS in cardiogenic shock

5

Figure 1 The patients were split in four groups based on quartiles of initial lactate concentration (Q1: 0–3.5 mmol/L; Q2: >3.5–8.3 mmol/L; Q3: >8.3–
14.7 mmol/L; Q4: >14.7 mmol/L). Mortality in Q4 and Q3 was 97% and 89%, respectively, and in Q1 49% and in Q2 69% (P < 0.05). Mortality was
similar between Impella and ECLS in all sub-groups (Q1: 55% vs. 33%; P = 0.34; Q2: 71% vs. 67%; P = 0.78; Q3: 100% vs. 86%; P = 0.99; Q4: 86%
vs. 100%; P = 0.99).

of two European registries in patients with CS, treatment
with Impella versus ECLS did not result in a difference in
30 day mortality after correction for lactate values. However,
given the high mortality in this real-world population, the
main ﬁnding of this study is that in unselected patients with
profound CS, the type of device is likely to be less important
compared with other parameters including non-cardiac and
neurological factors.
Cardiogenic shock is associated with high mortality. However, patients included in this analysis had a particularly high
mortality rate. Even after excluding patients with lactate concentration in the highest quartile (above 14.7 mmol/L;
n = 112) at baseline, the mortality was 70%. In this regard,
this study cohort differs from previous studies comparing
ECLS versus Impella in CS.24–27
In the recent study of Karami et al. comparing Impella
CP/5.0 (n = 90) versus ECLS in CS patients (n = 38), the mortality was 53% and 49% in the two groups, respectively.24
Similarly, Schiller et al. reported intensive care unit mortality
rates of 35% and 37% for ECLS and Impella patients.26 Also, in
earlier studies, mortality rates around 50% were
reported.25,27 We can only speculate that patients included
in our analysis were sicker and in more profound shock with
subsequent more severe organ hypoperfusion. This notion is
supported by the high baseline lactate concentrations of patients included in this analysis, with a median lactate of
8.3 mmol/L, possibly due to the high number of patients
needing CPR.
Still, considering the high mortality, lactate was a
useful predictor of mortality in this study cohort. In

patients with baseline lactate levels in the highest quartile
(>14.7 mmol/L; n = 37), mortality was 97% (36/37 patients).
Together with clinical judgement, lactate levels could help
physicians to assess CS patients before any MCS implantation. Very high lactate levels (e.g. >15 mmol/L) are likely a
surrogate parameter for already established advanced
end-organ hypoperfusion, hypoxaemia, and threatening end
organ failure. In these situations, MCS application might be
considered futile and palliative.
In this regard, the timing of initiation of MCS could be critical. In a meta-analysis based on observational data, Impella
application before reperfusion therapy decreased mortality.31
In other observational studies, early MCS implantation was
associated with increased survival and reduced infarct size
and was cardioprotective.32,33 Recently, in AMI patients,
Impella application even before reperfusion was reported to
be feasible, but no data on efﬁcacy are available.34 For this
study cohort, no data on timing was available.
Adjusted mortality rates did not differ between ECLS and
Impella patients in this study, which is in accordance with
previous retrospective studies comparing these two MCS
devices.24–27 Further, although this study cohort differs from
other studies with regard to devices (Impella 2.5 versus
Impella CP/5.0) and severity of sickness of the included patients, the mortality rate remained similar after matching patients based on lactate and main aetiology of CS. Therefore,
although this study cohort differs signiﬁcantly from previous
studies with regard to baseline characteristics, it supports
the notion that individual patient selection may be crucial
and the choice of MCS device should be considered only
ESC Heart Failure (2021)
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secondary.23,35 Anyway, case reports indicate the potential
strengths of MCS in overcoming CS, for instance due to fulminant myocarditis.36
Theoretically, higher rates of vascular injury in ECLS could
be explained due to the larger cannulae used for ECLS implantation. However, in the propensity score adjusted analysis, there were no differences in the secondary endpoints
between Impella and ECLS. Importantly, feasibility was high
for both MCS devices. Of note, this study included only patients receiving the Impella 2.5 device, and results with regard to outcomes, but also feasibility and rates of vascular
injuries, could differ in newer devices such as the Impella
CP or Impella 5.0.
Extracorporal life support and Impella, although both are
potentially promising concepts for CS patients, lack deﬁnitive
proof for reducing mortality. Meta-analyses of randomized
trials and large observational studies failed to show a survival
beneﬁt for these MCS which are frequently used.7,18 Therefore, adequately powered trials for both ECLS (EUROSHOCK
(NCT03813134) and ECLS-SHOCK (NCT02544594) and
(NCT03637205)]; and ANCHOR (NCT04184635) and Impella
(DanGer shock trial) are ongoing and eagerly awaited. The
DanGer shock trial will combine selective patient inclusion
criteria excluding comatose patients, with a newer and potent MCS device, the Impella CP.37
Ultimately, however, the data situation regarding the use
of MCS per se remains inclusive. There is no randomized
evidence of superiority over conservative treatment for either ECLS or Impella. So, while our study tries to evaluate
the advantages and disadvantages of ECLS versus
Impella, randomized evidence of MCS versus conservative
treatment is certainly the most pressing scientiﬁc challenge.
It may be possible that precise patient selection increases
the effectiveness of MCS, but this is by no means a trivial
task but a huge scientiﬁc and especially clinical
challenge. The structured collection and interpretation of
lactate in a clinical context could help in patient selection,
especially if this biomarker is integrated with other
information.
Another therapy option for patients in CS due to severe
heart failure is the implantation of a permanent ventricular
assist device (VAD). Due to the invasiveness of the
operation, VADs are more frequently applied for patients
in more stable clinical conditions, for example, as bridgeto-transplantation.38 There is also a lack of randomized
evidence for the use of VAD in CS.
Both Impella and ECLS are theoretically favourable in distinct situations. Impella implantation necessitates smaller access site cannulae/sheaths, which could help to avoid
vascular injuries. Further, Impella reduces left ventricular
pressure and could be more cardioprotective, especially if applied early.31,32,34 Theoretically, Impella might, therefore, be
considered advantageous over ECLS in patients with AMI
and CS.

B. Wernly et al.

On the other hand, ECLS could improve outcomes in patients with respiratory or biventricular failure.23 Furthermore,
combining ECLS with venting strategies may also reduce the
drawbacks of the afterload increase with ECLS.39 However,
given the scarce evidence, these considerations remain speculative. The new CS classiﬁcation of the Society for Cardiovascular Angiography and Intervention (SCAI) and clinical
judgement, including early neurological evaluation and lactate levels, could help to select patients who would potentially beneﬁt from MCS.40
Of note, recently, Impella application was even associated
with adverse outcome in a large recent retrospective
analysis.41 Also, even the Impella 5.0, which is theoretically
more potent in increasing cardiac output compared with
Impella 2.5 and Impella CP, failed to improve haemodynamics.42 Therefore, the whole concept of MCS is challenged, and randomized studies comparing both Impella
and ECLS versus medical treatment are warranted.

Limitations
This study has several limitations, which need to be acknowledged. First, this is a retrospective study comparing patients
receiving distinct devices at the treating physicians’ discretion. Given local policies, individual preferences, and experience, one of the devices might be practically unavailable for
speciﬁc patients, which could reduce the comparability of
the patients investigated here. Second, detailed data on
post-cardiac arrest care were lacking due to the retrospective
nature of the study. Third, only patients on Impella 2.5 were
included in this analysis, and using more potent Impella devices could lead to distinct outcomes. Fourth, no data on
the functional and neurological outcomes of the survivors is
available. Fifth, the timing of MCS implantation was left at
the respective treating physicians’ decision, and no further
information about timing is available for this study cohort.
Sixth, the patients in this retrospective analysis had high mortality, even in the setting of CS, which exposes this analysis
theoretically to selection bias. However, this analysis provides
real-world data on outcomes of CS patients with MCS. Further, the high mortality could dilute any beneﬁcial effect on
the outcome of any of the two MCS. Seventh, although all patients were treated according to guidelines, and all patients
with AMI-CS underwent revascularization, data on revascularization success are lacking. Eighth, we imputed missing data
and, therefore, refrained from propensity score matching as
the best way to match data from multiple imputation; this
is a subject to discussion.30 Also, propensity scores were
calculated for each imputed dataset on relevant baseline
variables. However, relevant confounders could have been
missed, and propensity adjustment can never replace
randomization. Still, our data could help thesis generation.
ESC Heart Failure (2021)
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Ninth, the speciﬁc characteristics of CA in CA-CS patients are
unknown—although centres were asked to include CS patients, ‘borderline’ patients with refractory CS after CA could
inﬂuence the outcomes of ECLS patients. Tenth, the reason
for CS in the Impella group was AMI in 89%, whereas that occurred in only 14% in the ECLS group. The cause of CA as well
as the exact criteria, deﬁning CS in the German Lifebridge registry, remain unknown, thus limiting the validity of the comparison. Eleventh, some of the obtained CIs were wide, and
the study could be underpowered to detect some subtle
differences between ECLS and Impella. Twelfth, due to the
retrospective character of the study, missing baseline lactate
levels led to the exclusion of patients and, therefore, an
incomplete follow-up, what could cause a bias and limit the
validity of the analyses.
However, we think that the study adds insight to available
knowledge, supporting the notion that the choice of a particular MCS is less important than patients selection.
Still, we think that this analysis of severely sick CS patients
adds a new perspective to the available literature comparing
Impella versus ECLS in CS. But most importantly, it conﬁrms
the similar outcomes of Impella versus ECLS seen in previous
studies in an unselected patient cohort and, therefore, supports the call for randomized data in highly selected patients
to evaluate the effects of MCS in CS.

Conclusion
In CS patients, the adjusted mortality rates of both ECLS and
Impella were high and similar. The baseline lactate level was a
potent predictor of mortality and could play a role in patient
selection for future studies. In patients with profound CS, the
type of device is likely to be less important compared with
other parameters including non-cardiac and neurological
factors.
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