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Abstract
Background  Currently, use of mechanical circulatory support (MCS) in non-ischaemic cardiogenic shock (CS) is pre-
dominantly guided by shock-specific markers, and not by markers of cardiac function. We hypothesise that left ventricular 
ejection fraction (LVEF) can identify patients with a higher likelihood to benefit from MCS and thus help to optimise their 
expected benefit.
Methods  Patients with non-ischaemic CS and available data on LVEF from 16 tertiary-care centres in five countries were 
analysed. Cox regression models were fitted to evaluate the association between LVEF and mortality, as well as the interac-
tion between LVEF, MCS use and mortality.
Results  N = 807 patients were analysed: mean age 63 [interquartile range (IQR) 51.5–72.0] years, 601 (74.5%) male, lactate 
4.9 (IQR 2.6–8.5) mmol/l, LVEF 20 (IQR 15–30) %. Lower LVEF was more frequent amongst patients with more severe CS, 
and MCS was more likely used in patients with lower LVEF. There was no association between LVEF and 30-day mortality 
risk in the overall study cohort. However, there was a significant interaction between MCS use and LVEF, indicating a lower 
30-day mortality risk with MCS use in patients with LVEF ≤ 20% (hazard ratio 0.72, 95% confidence interval 0.51–1.02 for 
LVEF ≤ 20% vs. hazard ratio 1.31, 95% confidence interval 0.85–2.01 for LVEF > 20%, interaction-p = 0.017).
Conclusion  This retrospective study may indicate a lower mortality risk with MCS use only in patients with severely reduced 
LVEF. This may propose the inclusion of LVEF as an adjunctive parameter for MCS decision-making in non-ischaemic CS, 
aiming to optimise the benefit–risk ratio.

Graphical abstract
Impact of left ventricular ejection fraction on mortality and use of mechanical circulatory support in non-ischaemic cardio-
genic shock. Hazard ratio for 30-day mortality across the LVEF continuum, adjusted for age, sex, SCAI shock stage, worst 
value of lactate and pH within 6 h, prior resuscitation and mechanical ventilation during the index shock event. LVEF: Left 
ventricular ejection fraction; MCS: Mechanical circulatory support; HR: Hazard ratio; CI: Confidence interval.

Keywords  Cardiogenic shock · Non-ischaemic · Left ventricular ejection fraction · Mechanical circulatory support
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Abbreviations
AMI	� Acute myocardial infarction
CS	� Cardiogenic shock
LV	� Left ventricular
LVEF	� Left ventricular ejection fraction
MCS	� Mechanical circulatory support
OHCA	� Out-of-hospital cardiac arrest
pLVAD	� Percutaneous left ventricular assist device
RCT​	� Randomised controlled trail
SCAI	� Society for Cardiovascular Angiography and 

Interventions
TTE	� Transthoracic echocardiogram
VA-ECMO	� Veno-arterial extracorporeal membrane 

oxygenation

Introduction

Cardiogenic shock (CS) is a serious pathological condi-
tion with acute deterioration of cardiac output, leading to 
life-threatening hypo-perfusion of end-organs, and can be 
caused by a wide range of cardiovascular diseases [1–3]. 
In the last decade, a convincing reduction in mortality has 
only been achieved in CS caused by an acute myocardial 
infarction (AMI) through early revascularization of the cul-
prit lesion [4–6]. However, despite intensive research efforts 
in the past decades, no additional treatment strategies have 
demonstrated mortality reduction, specifically in patients 
with non-ischaemic CS, such that short-term mortality is 
still over 50% [7, 8].

Approximately half of all patients with CS have a non-
ischaemic cause, with mortality rates at least as equivalent 
to AMI-CS [7, 9, 10]. The heterogeneity of the underlying 
pathology makes this group a clinical challenge, particularly 
in terms of clinical assessment and targeted CS treatments. 
Mechanical circulatory support (MCS) could improve out-
come in CS regardless of its underlying cause by providing 
cardiac output support until native heart recovery or as a 
bridge to more definitive strategies or decision [15]. How-
ever, aside from the recently initiated UNLOAD-ECMO 
trial [11], current randomised controlled trials (RCT) for 
MCS continue to focus exclusively on the AMI-CS patient 
cohort (DanGer-SHOCK for pLVADs, ECLS-SHOCK and 
ANCHOR for VA-ECMO) [12–14]. There is no randomised 
evidence for the targeted use of inotropes, vasopressors or 
MCS in the large group of patients with non-ischaemic 
CS. In addition, the use of MCS devices is also associated 
with notable complications which may impact outcomes [7, 
15–19]. Hence, further research on the use of MCS devices 
in patients with non-ischaemic CS is an unmet need.

Using quantitative measures of cardiac function seems 
to be reasonable both for facilitating early assessment of 

CS and guiding the appropriate use of MCS devices. Left 
ventricular ejection fraction (LVEF) can be obtained quickly 
and non-invasively from transthoracic echocardiography 
(TTE) and conceptually may be a useful quantitative meas-
ure of severity or prognosis, given its association with shock 
severity [20]. As extension of this, it is plausible that LVEF 
may identify a cohort of patients most likely to benefit from 
MCS in patients with non-ischaemic CS. [2, 3, 14]

Hence, the aim of this study was to evaluate whether 
LVEF can be used as a prognostic marker for early assess-
ment as well as a factor to guide the use of MCS devices in 
non-ischaemic CS.

Methods

This study was carried out in accordance with the Decla-
ration of Helsinki and accredited by local ethics commit-
tees. The main ethics committee renounced the need for an 
informed consent as this was a retrospective analysis and 
only entirely anonymized data was analysed. The data sup-
porting the results of this study are available from the cor-
responding author upon reasonable request.

Study design

In this study, patients with non-ischaemic CS treated with or 
without MCS between 01 January 2010 and 31 December 
2020 from 16 tertiary care centres in five countries were 
collected retrospectively (NCT03313687). Patients were eli-
gible for this study if they presented with CS according to 
the Society for Cardiovascular Angiography & Interventions 
(SCAI) CS definition, as retrospectively determined by the 
local investigators upon reviewing the available case data. 
Non-ischaemic shock caused by severe decompensation in 
patients with known heart failure (severe acute-on-chronic 
heart failure) or unknown heart failure (severe de novo heart 
failure) was used as the main inclusion criterion.

Patients were not eligible for the study if they presented 
with acute myocardial infarction or had need for urgent coro-
nary revascularization (irrespective of feasibility); had CS 
primarily caused by right heart failure (e.g. acute pulmo-
nary embolism); had ECMO-assisted resuscitation; had a 
post-cardiotomy CS or had other disease which limits life 
expectancy to below 6 months.

If patients were treated with MCS, the index event was 
defined as the time of implantation of the first device. If 
patients were not treated with MCS, baseline was defined 
as admission to the hospital for out-patients or admission to 
the intensive care unit for in-patients. For variables deter-
mining shock severity, e.g. lactate and pH, the worst value 
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within 6 h before until 6 h after this index event (e.g. a 12-h 
window) was recorded.

From this registry, only patients with available LVEF 
measurements obtained via TTE at the time of the index 
event according to international guidelines were included 
in this analysis. [21–24]

Statistical analyses
Continuous variables are shown as median (25th per-

centile, 75th percentile) and analysed using Mann–Whit-
ney test. For binary variables, absolute and relative fre-
quencies are given and comparisons were made using the 
Fisher`s exact test. Two-level Joint Modelling Multiple 
Imputation was used to handle missing data. The used 
clusters were known/unknown history of heart failure. 
Parameters used for imputation were 20 imputed data sets, 
5000 iterations between two successive imputations and 
5000 burns in iterations (R package jomo [25]). Table 1 
indicates the variables used for the imputation. The fol-
lowing analyses were calculated in imputed data sets.

Multivariable mixed effects logistic regression models 
with centre as a random intercept were fitted in order to 
investigate patient characteristics (demographics, clinical 
characteristics, comorbidities, heart failure treatments, 
index event parameter) independently associated with 
LVEF dichotomized by median (20), adjusted for age, sex, 
SCAI class, lactate, prior cardiopulmonary resuscitation, 
mechanical ventilation and pH.

Survival curves were produced using the Kaplan–Meier 
method. The number of individuals at risk was given and 
groups were compared using log-rank test. None of the 
relevant variables for estimation of mortality rate were 
imputed, so crude mortality rates for 30-day mortality 
were estimated by the reverse Kaplan–Meier estimator in 
original data.

To assess the association between LVEF (as a continu-
ous logarithmic variable and as a binary variable dichoto-
mized by LVEF ≤ 20% vs. > 20%) and 30-day mortality, 
cohort stratified Cox proportional hazard regression mod-
els were fitted, adjusted for age, sex, SCAI class, lactate, 
prior cardiopulmonary resuscitation, mechanical ventila-
tion and pH. To allow possible non-linearities in the asso-
ciation of LEVF with time-to-event, the previous mod-
els were modified modelling LVEF using natural cubic 
splines. Plots were produced to examine the shape of the 
association. As a sensitivity analysis, given the hetero-
geneity of the LVEF measurements between cohorts, the 
respective LVEF median value per centre was calculated, 
and a Cox regression model for 30-day mortality was fitted 
using LVEF dichotomized by this centre-specific median, 
also adjusted for the above described variables.

Linear mixed models with centre as a random inter-
cept were used to identify the most important predictors 

for continuous LVEF, adjusted for the above described 
variables.

To evaluate the impact of LVEF on the association 
between MCS use and all-cause mortality (e.g. to assess 
whether MCS use would be associated with mortality only 
in patients with or without lower LVEF), Cox regression 
models with an interaction term for MCS use and LVEF 
were used, adjusted for the same variables described above.

All analyses were performed with R statistical software 
version 4.1.2. A p value below 0.05 was considered as sta-
tistically significant.

Results

Study cohort

Of 1030 patients with non-ischaemic CS in the overall study 
cohort, 223 patients were excluded due to missing data on 
LVEF at the index event, leaving a total of 807 patients in 
this study. Baseline characteristics for the overall cohort 
dichotomized by the median LVEF > 20% vs. ≤ 20% are 
shown in Table 1.

The median age of all patients was 63 [interquartile range 
(IQR) 51.5–72.0] years and 601 (74.5%) were male. Overall, 
432 (54.2%) patients had arterial hypertension, 213 (26.7%) 
diabetes mellitus and 353 (44.3%) patients had a history of 
atrial fibrillation. Of 807 patients, 486 (60.2%) had an acute-
on-chronic heart failure as the underlying cause of CS and 
221 (32.7%) patients had a prior history of ischaemic cardio-
myopathy (but no need for urgent coronary revascularization 
or no acute myocardial infarction during the shock index 
event).

At the index event, 507 (64.4%) patients were on mechan-
ical ventilation, with a Horowitz index (PaO2/FiO2) of 200.5 
(IQR 108.5–296), and 277 (34.5%) patients had a prior car-
diac arrest. The baseline pH value was 7.31 (IQR 7.20–7.40) 
and the baseline lactate was 4.9 (IQR 2.6–8.5) mmol/l, sys-
tolic blood pressure 81.0 (IQR 70.0–90.0) mmHg and dias-
tolic blood pressure 49.0 (39–58.8) mmHg.

Left ventricular ejection fraction and cardiogenic 
shock severity

The median baseline LVEF of the study cohort was 20 (IQR 
15–30) %. Patients with a severely reduced LVEF (≤ 20%) 
more frequently had a lower systolic blood pressure [80 
(IQR 70–90) vs. 85 (IQR 72–95) mmHg, p < 0.01], higher 
heart rate [102 (IQR 80–128) vs. 90 (IQR 72–114.5) bpm, 
p < 0.01], numerically higher baseline lactate level [5.3 (IQR 
2.8–8.9) vs. 4.7 (IQR 2.7–8.4) mmol/l, p = 0.18], less fre-
quently had a history of ischaemic cardiomyopathy (31.6% 
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Table 1   Characteristics for the overall cohort and divided by LVEF > 20% vs. ≤ 20%

Continuous variables are shown as a median (25th, 75th percentile), binary variables as absolute and relative frequencies, the p value given is 
calculated for continuous variables by Mann–Whitney test or binary variables by Fisher`s exact test. Variables marked with * were included in 
the multiple imputation model. LVEF, left ventricular ejection fraction; SCAI: Society for Cardiovascular Angiography & Intervention; VA-
ECMO, veno-arterial extracorporeal membrane oxygenation

All (N = 807) Missing 
data (%)

LVEF > 20% (N = 351) LVEF ≤ 20% (N = 456) p value

Demographics
Age, years 63.0 (51.5, 72.0) 0 66.0 (55.0, 76.0) 60.0 (49.0, 70.0) < 0.0001
Male sex 601 (74.5) 0 238 (67.8) 363 (79.6) 0.00017
Previous heart failure status
Ischaemic cardiomyopathy* 221 (33.3) 17.7 96 (35.7) 125 (31.6 0.31
Previous heart failure hospitalizations, n 2.0 (1.0, 3.0) 59.1 1.0 (1.0, 3.0) 2.0 (1.0, 3.0) 0.041
Previous heart failure treatment
Beta-blocker (No) 329 (42.1) 3.1 137 (40.3) 192 (43.4) 0.38
Renin–angiotensin system inhibitors (No) 380 (48.5) 3 162 (47.5) 218 (49.3) 0.67
Mineralocorticoid receptor antagonists (No) 492 (62.8) 2.9 229 (67.2) 263 (59.4) 0.026
Implantable cardioverter defibrillator 269 (33.4) < 1 89 (25.4) 180 (39.6) < 0.0001
Cardiac resynchronization therapy 110 (13.7) 1.8 33 (9.4) 77 (16.9) 0.0026
Comorbidities
Atrial fibrillation 353 (44.3) 1.2 148 (42.4) 205 (45.8) 0.35
Diabetes mellitus 213 (26.7) 1 107 (30.5) 106 (23.7) 0.036
Arterial hypertension 432 (54.2) 1.2 220 (63.0) 212 (47.3) < 0.0001
Body mass index, kg/m2 26.4 (23.3, 30.5) 3.7 27.0 (23.7, 31.2) 26.1 (23.1, 29.5) 0.051
Prior revascularization 187 (24.5) < 1 85 (26.0) 102 (23.4) 0.44
Any intervention for peripheral artery disease 48 (6.0) 25 22 (6.4) 26 (5.8) 0.77
Clinical presentation
Systolic blood pressure, mmHg (worst value 

within 6 h)*
82.0 (71.0, 91.0) 1.5 85.0 (72.0, 95.0) 80.0 (70, 90) 0.0093

Diastolic blood pressure, mmHg (worst value 
within 6 h)*

50.0 (40.0, 59.8) 2.1 50.0 (40.0, 59.5) 50.0 (42.0, 59.5) 0.12

Vasopressor use 697 (86.5) < 1 301 (86.0) 396 (86.8) 0.76
Heart rate, bpm (worst value within 6 h) 100.0 (78.0, 120.0) 1.5 90.0 (72.0, 114.5) 102 (80, 128) < 0.0001
Lactate, mmol/l (worst value within 6 h)* 5.1 (2.7, 8.6) 6.8 4.7 (2.7, 8.4) 5.3 (2.8, 8.9) 0.18
pH (worst value within 6 h)* 7.3 (7.2, 7.4) 3.6 7.3 (7.2, 7.4) 7.3 (7.2, 7.4) 0.13
Prior cardiac arrest* 277 (34.5) < 1 137 (39.3) 140 (30.9) 0.016
Duration of cardiac arrest, min 10.0 (0, 25.0) 56.3 10.0 (1.5, 30.0) 7.0 (0, 20.0) 0.0081
Mechanical ventilation* 507(64.4) 2.5 233 (67.9) 274 (61.7) 0.072
Horowitz index (worst value within 6 h) 201.5 (109.5, 297.0) 27.5 180.0 (95.0, 293.0) 219.8 (121.3, 300.0) 0.0088
Creatinine, mg/dl (worst value within 6 h) 1.7 (1.3, 2.6) 1.5 1.7 (1.2, 2.6) 1.8 (1.3, 2.7) 0.16
eGFR (ml/min) 37.5 (22.6, 60.1) 1.5 37.5 (22.6, 60.1) 37.6 (23.4, 57.4 0.76
SCAI cardiogenic shock class*
B 114 (14.7) 62 (18.4) 52 (11.8) 0.011
C 294 (37.8) 134 (39.8) 160 (36.4) 0.37
D 204 (26.3) 85 (25.2) 119 (27.0) 0.62
E 165 (21.2) 56 (16.6) 109 (24.8) 0.0061
Use of mechanical circulatory support
VA-ECMO 144 (17.8) 0 41 (11.7) 103 (22.6) < 0.0001
Impella 133 (16.5) 0 67 (19.1) 66 (14.5) 0.085
Impella + VA-ECMO 83 (10.3) 0 26 (7.4) 57 (12.5) 0.019
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vs. 35.1%, p = 0.31), but more frequently had a history of 
heart failure (63.6% vs. 55.8%, p < 0.04).

Overall, a trend towards lower LVEF with increasing 
CS severity, as indicated by SCAI CS stage, was observed 
(Fig. 1a). Patients presenting with CS in SCAI class C had 
54.4% severely reduced LVEF (≤ 20%), whilst as many as 
66.1% of patients with SCAI class E had a severely reduced 
LVEF. Even after adjustment for relevant confounders, this 
trend persisted, with severely reduced LVEF being signifi-
cantly associated with a higher likelihood of worse SCAI CS 
stage [SCAI CS class B vs. C, odds ratio (OR) 1.63, 95% 

confidence interval (CI) 0.99–2.68; SCAI CS class B vs. D, 
OR 2.67, 95% CI 1.5–4.77; SCAI CS class B vs. E, OR 3.88, 
95% CI 2.02–7.47].

Left ventricular ejection fraction and mortality

In the study cohort, 346 patients died during a follow-up 
period of 30 days, resulting in a crude overall mortality rate 
of 50.04%. 149 (42.4%) of 351 patients with LVEF > 20% 
died within 30 days, resulting in a mortality rate of 51.82%. 
In patients with a severely reduced LVEF ≤ 20%, 197 
(43.2%) of 456 died within 30 days, resulting in a mortality 
rate of 48.99% (mortality rate for 30-day mortality in dif-
ferent SCAI shock stages is shown in Fig. 2, Kaplan–Meier 
curves of the study cohort comparing LVEF > 20% ver-
sus ≤ 20% is shown in Supplementary Fig. 1).

In patients with non-ischaemic CS, there was no signifi-
cant association between LVEF and 30-day mortality risk 
[hazard ratio (HR) 1.04, 95% CI 0.82–1.31 if LVEF was 
considered as a logarithmized continuous variable; HR 1.20, 
95% CI 0.93–1.53 if LVEF was considered as a categorical 
variable with ≤ 20% vs. > 20%], even after adjustment for 
relevant confounders, such as age, sex, SCAI class, lactate, 
pH, prior resuscitation and mechanical ventilation (Graphi-
cal abstract).

In the sensitivity analysis, using a centre-specific median 
value for LVEF to determine higher vs. lower LVEF instead 
of the cohort-specific LVEF median of 20%, there was 
also no significant association between LVEF and 30-day 

Fig. 1   Distribution of LVEF across SCAI Shock Stages and use of 
mechanical circulatory support across different LVEF levels. (A) Dis-
tribution of LVEF > 20% versus ≤ 20% across SCAI Shock Stages. 
(B) Mechanical circulatory support use across LVEF Quantiles. 
LVEF, Left ventricular ejection fraction; SCAI, Society for Cardio-
vascular Angiography & Intervention

Fig. 2   LVEF and 30-day mortality in patients with non-ischaemic 
cardiogenic shock. 30-day Mortality in SCAI shock stages in patients 
with non-ischaemic shock and LVEF > 20% versus ≤ 20%. LVEF, Left 
ventricular ejection fraction; SCAI, Society for Cardiovascular Angi-
ography & Intervention
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mortality (LVEF > vs. ≤ centre-specific median, HR 1.21, 
95% CI 0.95–1.53, Supplementary Fig. 2).

Left ventricular ejection fraction and use of mechanical 
circulatory support

Amongst patients with non-ischaemic CS included in this 
analysis, 697 (86%) patients were treated with inotropes/
vasopressors; and 360 (44.6%) patients were treated with 
and 447 (55.4%) without MCS: 133 (16.5%) patients were 
treated with pLVAD (Impella®), 144 (17.8%) patients were 
treated with VA-ECMO, and 83 (10.3%) with both devices 
(no treatment with intra-aortic balloon pumps).

Baseline characteristics indicated that MCS was more fre-
quently used in patients with severely reduced LVEF ≤ 20% 
(Table 1; Fig. 1b). When assessing the likelihood of MCS 
use in patients with higher vs. lower LVEF, and even after 
adjustment for age, sex, SCAI class, lactate and pH, prior 
resuscitation and mechanical ventilation, MCS use was more 
likely in patients with severely reduced LVEF (OR 1.75, 
95% CI 1.14–2.68, p-value = 0.009, if LVEF was dichoto-
mized by the median LVEF > 20% vs. ≤ 20%; beta 3.72, 95% 
CI 1.79–5.66, p-value < 0.001, if LVEF was considered as a 
continuous variable).

Left ventricular ejection fraction, mechanical circulatory 
support and mortality

In this study of patients with non-ischaemic CS, a signifi-
cant interaction was observed between MCS use and LVEF, 
indicating a lower 30-day mortality risk for patients with 
MCS and LVEF ≤ 20% vs. MCS use and LVEF > 20% (HR 
0.72, 95% CI 0.51–1.02 for LVEF ≤ 20% and MCS use vs. 
HR 1.31, 95% CI 0.85–2.01 for LVEF > 20% and MCS use, 
interaction-p = 0.017; Graphical abstract).

These results were consistent in the sensitivity analysis, 
using a centre-specific instead of a cohort-specific median 
value for LVEF, even after adjustment for age, sex, SCAI 
class, lactate and pH, prior resuscitation and mechanical 
ventilation.

Discussion

In this retrospective, multicenter, international registry of 
patients with non-ischaemic CS, lower LVEF was associ-
ated with higher CS severity, but was not associated with an 
increased risk of 30-day mortality. However, there was a sig-
nificant interaction between MCS use and severely reduced 
LVEF, indicating a lower mortality risk in patients with 
a severely reduced LVEF and treated with MCS vs. those 
not treated with MCS. These results suggest that severely 
reduced LVEF, such as LVEF ≤ 20%, could potentially serve 

as an additional parameter to consider when guiding the use 
of MCS devices in non-ischaemic CS.

LVEF, shock severity and mortality in patients 
with non‑ischaemic cardiogenic shock

Recent studies have indicated that nearly half of all CS 
cases have a non-ischaemic aetiology [9, 26]. Whilst in CS 
caused by acute myocardial infarction, a relevant reduction 
in mortality risk can be achieved by early revascularization 
of the culprit artery, no such risk-reducing intervention 
exists for non-ischaemic CS [4–6, 27]. MCS devices target 
the haemodynamic culprit of non-ischaemic CS and could 
be beneficial treatments, but are also associated with a 
high risk of complications. Better identification of patients 
with non-ischaemic CS who might benefit from MCS 
devices is desirable to optimise any benefit–risk ratio. We 
sought to evaluate if LVEF, which can be easily and rap-
idly measured by TTE even in the acute setting of CS, 
could help to guide the use of MCS in non-ischaemic CS.

Interestingly, in this large retrospective, multicenter, 
international study cohort, lower LVEF was associated 
with higher CS severity, but, after adjustment for factors 
reflecting CS severity, not with 30-day mortality risk. This 
is in contrast to studies on CS caused by acute myocardial 
infarction. In a sub-study of the SHould we emergently 
revascularize Occluded Coronaries for cardiogenic shocK 
(SHOCK) trial, LVEF < 28% was an independent predic-
tor of 30-day and 1-year mortality [28]. In the CardShock 
study, LVEF < 40% was independently associated with 
increased short-term mortality in patients irrespective of 
CS aetiology; however, the proportion of patients with 
non-ischaemic CS in this study was low, introducing a 
high risk of bias [29]. Several observations might explain 
this discrepancy. The difference between the results of the 
present study and the various AMI-CS studies could be 
due to less rigorous adjustment for shock severity in previ-
ous studies as compared to this study [28, 29]. In addition, 
the different CS subtypes (AMI-CS vs. non-ischaemic CS) 
differ in their pathogenesis, comorbidity burden and most 
importantly treatment. Revascularization of the culprit 
artery in patients with AMI-CS can improve not only the 
survival but also LV function as a surrogate for therapeutic 
success. Persistently severely reduced LVEF in AMI-CS 
patients may therefore indicate treatment failure or subop-
timal revascularization outcome. On the other hand, non-
ischaemic CS is a heterogeneous condition with various 
subtypes and underlying pathophysiologies (e.g. acute-
on-chronic HF-related CS vs. de novo HF-related CS). In 
some patients, preexisting LVEF depression is common, 
and recovery may be limited to the pre-existing LVEF 
after treatment. Therefore, changes in LVEF may not nec-
essarily correlate with treatment success and improved 
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clinical outcomes in patients with non-ischaemic CS. It is 
also noticeable that previous AMI-CS studies frequently 
examined patients with an LVEF > 30%. In contrast, the 
median LVEF amongst patients with non-ischaemic CS 
included for this analysis was lower (20%). Lastly, our 
findings might extend those of a previous study assessing 
TTE for risk prediction in the cardiac intensive care unit. 
In this study, measures of LV function were more useful 
for mortality risk stratification in patients with lower SCAI 
shock stages (A to C), as compared to patients with higher 
SCAI shock stages as observed on our cohort [20].

Impact of LVEF on use of mechanical circulatory 
support in non‑ischaemic cardiogenic shock

Non-ischaemic CS can be caused by a variety of triggers 
which either cause or aggravate a pre-existing ventricular 
dysfunction [9]. Most prior RCTs have excluded patients 
with non-ischaemic CS. Therefore there is currently no 
evidence-based therapy for non-ischaemic CS [12, 13, 30]. 
Catecholamines are frequently used to support cardiac func-
tion, but their effects are limited, and they may be asso-
ciated with worse outcome. A recent study reported that 
increasing vasopressor requirements in patients with CS was 
independently associated with mortality risk [31]. Further-
more, a RCT comparing dopamine and norepinephrine in 
the management of CS showed no significant differences in 
mortality risk between the two study arms [32]. This study 
also demonstrated an increased risk of arrhythmias with 
dopamine use [32]. Even when comparing milrinone and 
dobutamine in treatment of CS, no significant advantage of 
milrinone over dobutamine in terms of efficacy and safety 
was found [41]. Despite an absence of compelling evidence 
for their use, and some association with harm, the use of 
inotropes including short-acting catecholamines continues 
to form part of international guidelines as a bridge to MCS 
in unstable or deteriorating patients [1, 33, 34]. Aside from 
catecholamines, MCS may be used for the treatment of non-
ischaemic CS, but the evidence supporting this is yet scarce 
[1]. Also, MCS use is associated with a high risk of compli-
cations, so that selecting the right patients for this approach 
is crucial to optimise the benefit-risk-ratio. [3, 7, 15–19, 35]

In this study, LVEF was not associated with 30-day mor-
tality risk, but a significant interaction was observed between 
MCS use and lower LVEF, indicating a lower mortality risk 
in patients with a LVEF ≤ 20% treated with MCS. This could 
imply that use of MCS offers a net-benefit (e.g. expected 
benefit higher than risk of complications) in patients with 
a severely reduced LVEF. Two factors might contribute to 
explain this finding: First, in a severely reduced LVEF, the 
cardiac component is most likely the main factor driving 
outcome. Hence, MCS, which specifically addresses this 
issue by providing cardiac output support until native heart 

recovery or durable replacement therapy, is relatively more 
effective. Second, the more efficient and effective MCS is in 
supporting organ perfusion and bridging to cardiac recovery 
(and MCS explant) the less relevant any impact of MCS 
complications are likely to become. Thus, in this subpopula-
tion of patients with non-ischaemic CS, the potential benefits 
of MCS usage may outweigh the associated risks of compli-
cations. These hypotheses warrant more in-depth exploration 
in the future research endeavours within this field.

These findings may inform the clinical decision on when 
to use MCS in patients presenting with non-ischaemic CS, 
especially when embedded within the case-based discus-
sions of a well-organised “Shock Team” [36, 37]. Aside 
from potentially guiding the use of MCS in clinical prac-
tice, these results yield a rationale for using severely reduced 
LVEF as an inclusion criterion for randomised MCS trials. 
In the current RCTs testing MCS devices, LVEF is only used 
in the DanGer trial as an inclusion criterion [12], but not in 
others [13, 30, 38]. Future trials may opt to also include an 
enrolment criterion which reflects LV function.

Limitations

The main strengths of this study are the use of a large, con-
temporary, international, multi-centre registry dedicated to 
the enrolment of patients with non-ischaemic CS. The main 
limitation of this study is the non-randomised retrospective 
design, so that a causal relation between risk predictors and 
outcome cannot be concluded.

Furthermore, the assessment of LVEF is susceptible to 
examiner- and centre-dependent subjectivity, especially 
when evaluated under clinically challenging conditions in 
intensive care units, emergency departments or catheteriza-
tion laboratories with patients in a supine position. Whilst 
a centre-specific adjustment was conducted as a sensitivity 
analysis, revealing once more that there was no significant 
association between LVEF and 30-day mortality, but again 
a significant interaction between MCS use and LVEF ≤ 20%, 
it is crucial to underscore the following: this adjustment can 
reduce inter-observer variability, but it does not replace the 
valuable comparison of additional TTE measurements and 
invasively obtained haemodynamic data. It has been dem-
onstrated that parameters, such as Cardiac Power Index, 
Cardiac Output, Cardiac Index and Stroke Volume, could 
potentially hold prognostic relevance in the context of car-
diogenic shock [39]. Likewise, evaluating the prediction of 
afterload-related cardiac performance would be of interest 
[40]. However, these parameters are not adequately rep-
resented in this registry and should be the focus of future 
research endeavours dedicated to LVEF in non-ischaemic 
cardiogenic shock. Additionally, the lack of relevant data 
on co-existing valvular diseases, which could influence both 
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baseline LVEF and subsequent treatment decisions, was not 
adequately represented in this registry.

Although the data were generated from different hospitals 
in different countries, all hospitals are large tertiary care 
centres with experience in treating patients with CS and with 
using MCS devices and all centres operate as part of a hub-
and-spoke model. This may result in a higher prevalence 
of more severe CS and also higher use of MCS per se. In 
addition, the use of MCS in practice is a selective process in 
which patients with a higher physiological reserve are more 
likely to be treated with MCS devices, resulting in selection 
bias which might have influenced our results. Therefore, the 
generalizability of these data may be limited.

Conclusion

This retrospective, multicenter, international study presents 
novel insights into LVEF assessment in patients with non-
ischaemic CS. Although LVEF was not a predictor of 30-day 
mortality risk, there was a significant interaction between 
MCS use, LVEF and mortality, indicating a possible lower 
mortality risk with MCS use only in patients with a severely 
reduced LVEF. This may propose the utilisation of LVEF 
as an adjunctive criterion for guiding MCS therapy in non-
ischaemic CS, and might also inform the design of ran-
domised controlled MCS trials.
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