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Abstract

Aims Percutaneous left ventricular assist devices (pVADs) are used to haemodynamically stabilize patients with cardiogenic
shock (CS) caused by acute myocardial infarction (AMI). One out of every two patients has a non-ischaemic cause of CS, and
these patients differ profoundly from patients with AMI-related CS. We assessed the usefulness of pVAD support for patients
with non-ischaemic CS.
Methods and results We analysed 106 patients with CS and Impella® support between 2015 and 2018. CS was
non-ischaemic in 36 patients and AMI-related in 70 patients. Compared with the AMI group, those in the non-ischaemic group
were significantly younger [median age 62 (50.8, 70.8) years vs. 68 (58.0, 75.5) years, P = 0.007] and had more patients with
severely reduced left ventricular function (94% vs. 79%, P = 0.035) and worse glomerular filtration rate [45 (27, 57) mL/min vs.
60 (44, 78) mL/min]. Propensity score matching yielded 31 patients with non-ischaemic CS and 31 patients with AMI-related
CS, without a difference in baseline laboratory values or comorbidities. In both groups, pVAD support was performed along
with haemodynamic stabilization, reduction of catecholamines and normalization of lactate levels. In 7 days, systolic blood
pressure increased from 91 (80, 101) mmHg at baseline to 100 (100, 120) mmHg in the non-ischaemic CS group (P = 0.001)
and 89 (80, 100) mmHg at baseline to 112 (100, 128) mmHg in the AMI-related CS group (P = 0.001). Moreover, in 7 days,
the need of catecholamines (calculated as vasoactive-inotropic score) decreased from 32.0 (11.1, 47.0) at baseline to 5.3 (0,
16.1) in the non-ischaemic group (P = 0.001) and from 35.2 (18.11, 67.0) to zero (0, 0) in the AMI-related CS group
(P = 0.001). Lactate level decreased from 3.8 (2.8, 5.9) mmol/L at baseline to 1.0 (0.8, 2.1) mmol/L (P = 0.001) in the non-
ischaemic CS group and from 3.8 (2.6, 6.5) mmol/L to 1.2 (1.0, 2.0) mmol/L in the AMI-related group (P = 0.001).
In the non-ischaemic CS group, eight patients (25.8%) were upgraded to veno-arterial extracorporeal membrane oxygenation
(VA-ECMO) or long-term mechanical circulatory support. Two of these upgraded patients received heart transplantation. In
the AMI group, eight patients (25.8%) were upgraded to VA-ECMO or long-term mechanical circulatory support. Ninety-day
survival did not significantly differ between the groups (non-ischaemic CS group 48.4%, AMI-related CS group 45.2%,
P = 0.799).
Conclusions pVAD support is useful for haemodynamic stabilization of patients with non-ischaemic CS and is valuable as a
bridge to patients’ recovery or long-term left ventricular support and heart transplantation.
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Introduction

The mortality after cardiogenic shock (CS) is still tremen-
dously high at approximately 50%.1–3 The current guidelines
recommend considering the use of mechanical circulatory
support (MCS) systems in patients with CS in addition to
medical therapy in order to stabilize patient haemodynamics
and to maintain sufficient end-organ perfusion.4,5 However,
most studies focused on the role of MCS in patients in which
CS was related to acute myocardial infarction (AMI). In this
setting, percutaneous ventricular assist devices (pVADs) like
the microaxial Impella pump can be used to stabilize the pa-
tient haemodynamically until early coronary revascularization
has resolved coronary flow and the mismatch in oxygen sup-
ply and demand, and therefore, myocardial function has
recovered.6–8

However, up to every second, CS patient has a
non-ischaemic cause of CS that does not offer an immediate
therapeutical approach such as percutaneous coronary
intervention.9–11 This includes patients with acute worsening
of long-standing ventricular dysfunction that enter into CS or
patients with acute fulminant myocarditis. Patients with
non-ischaemic CS differ in terms of comorbidities and patient
characteristic from patients with CS complicating AMI.9,10

Based on the different underlying pathology, the only remain-
ing therapy currently is to stabilize the patient with catechol-
amines until recovery of cardiac function, implantation of
durable MCS or heart transplantation.12 Patients with
non-ischaemic CS were more likely to be treated with cate-
cholamines, but less likely to be treated with pVAD when com-
pared with patients with AMI-related CS.10 However,
catecholamines can be ineffective, increase oxygen consump-
tion and impair tissue perfusion.13 In fact, mortality in patients
with non-ischaemic CS is higher compared with patients with
AMI-related CS.9,10 It remains unknown whether pVAD sup-
port in patients with non-ischaemic CS is useful for haemody-
namic stabilization and bridging until recovery of previous
cardiac function, implantation of durable MCS or heart
transplantation.

The aim of this study was to assess the use of pVAD in pro-
pensity score-matched groups of patients with non-ischaemic
CS compared with patients with CS complicating AMI.

Methods

In this retrospective observational study, we assessed haemo-
dynamic stabilization and outcome in patients with CS
treated by pVAD. Between 2015 and 2018, 106 patients were
included who were in CS and received an Impella device. Pa-
tients were classified in two groups: AMI-related CS group
and non-ischaemic CS group. The definition of
non-ischaemic CS included patients with CS related to acute

decompensation of chronic heart failure and patients with
CS of acute non-ischaemic origin.

CS was defined as a systolic blood pressure <90 mmHg or
the need for continuous infusion of inotropes or vasopressors
to maintain a systolic blood pressure >90 mmHg with clinical
and laboratory evidence of end-organ damage (oliguria, al-
tered mental state, cool extremities).4 Only patients with ele-
vated baseline lactate >2 mmol/L were included who were
classified into shock stage C or worse according to the Society
for Cardiovascular Angiography and Interventions (SCAI)
shock classification.14

The duration of mechanical support was individual and
was dependent on clinical, haemodynamic and biological
parameters. All data were collected from patient charts
and medical records until primary discharge including
laboratory parameters, complications and therapy strate-
gies. This study was conducted according to the guidelines
laid down in the Declaration of Helsinki and was approved
by the University of Düsseldorf Committee on Human
Research (study number 5467R). All participants who
survived gave written informed consent for the use of
their anonymous medical data relating to the defined
hospitalization.

Haemodynamic stabilization was assessed by measure-
ments of lactate levels, systemic blood pressures and
the amount of applied catecholamines at admission to
the intensive care unit (ICU), during and after Impella
support. The amount of applied catecholamines was calcu-
lated by using the vasoactive-inotropic score [dobutamine
(μg/kg/min) + 100 × epinephrine (μg/kg/min) + 100 ×
norepinephrine (μg/kg/min)].

Safety end points included severe or life-threatening
bleeding and moderate bleeding during the hospital stay, as
assessed according to the Global Use of Strategies to Open
Occluded Coronary Arteries (GUSTO) and peripheral ischae-
mic vascular complications requiring surgical or interven-
tional therapy.15

Statistical analysis was performed using SPSS Statistics,
Version 24 (IBM, Armonk, NY, USA) and GraphPad Prism®
Version 7.0 (GraphPad Software, San Diego, CA, USA).

Propensity score matching was used to compare the
groups in terms of survival and to reduce confounding fac-
tors due to imbalances in baseline characteristics. We used
these variables as potential cofounders that might have im-
pact on the outcome of CS: age, baseline left ventricular
ejection fraction (LVEF), glomerular filtration rate (GFR),
prior cardiac arrest, baseline lactate, the Acute Physiology
and Chronic Health Evaluation (APACHE) II score and the
Sequential Organ Failure Assessment (SOFA) score. We cre-
ated 1:1 matched groups using the nearest neighbour
matching without replacement with a calliper of 0.10.

Categorical variables are reported as absolute values and
percentages, whereas continuous data are expressed as me-
dian with interquartile range. Categorical data were
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compared by chi-square test or Fisher’s exact test. Continu-
ous variables were tested for normal distribution with the
D’Agostino and Pearson omnibus normality test. In case of
a normal distribution, Student’s unpaired t-test was per-
formed to compare the means between the two groups.
Continuous variables not following a normal distribution
were compared using the Mann–Whitney U test. We used
pairwise deletion respectively listwise deletion methods to
eliminate missing data. A one-way repeated measures anal-
ysis of variance was used to compare the multiple time
points of blood pressure values, lactate level and used
catecholamines.

Results

We screened 106 patients receiving Impella support for CS at
our institution. In 36 patients, CS was related to acute decom-
pensation of chronic heart failure or acute non-ischaemic or-
igin (non-ischaemic CS); in 70 patients, CS was related to AMI
(AMI group). In the non-ischaemic group, median age was
lower compared with the AMI group [62 (50.8, 70.8) years
vs. 68 (58.0, 75.5) years, P = 0.007], and the proportion of pa-
tients with severely reduced LVEF was higher (94% vs. 79%,
P = 0.035) (Table 1). Atrial fibrillation was more frequent in

Table 1 Baseline characteristics of the full cohort and propensity score matched study population

Full cohort Non-ischaemic CS (n = 36) AMI-related CS (n = 70) P

Age (years) 62 (50.8, 70.8) 68 (58.0, 75.5) 0.007*
Male, n (%) 27 (75.0) 51 (72.9) 0.813
Prior cardiac arrest, n (%) 10 (27.8) 23 (32.9) 0.593
Severely reduced LV function, n (%) 34 (94.4) 55 (78.9) 0.035*
PAD, n (%) 4 (11.1) 17 (24.3) 0.107
Atrial fibrillation, n (%) 22 (61.1) 25 (35.7) 0.013*
Diabetes mellitus, n (%) 8 (22.2) 20 (28.6) 0.639
COPD, n (%) 4 (11.1) 12 (17.1) 0.411
Chronic renal failure, n (%) 18 (50.0) 25 (35.7) 0.156
sPAP (mmHg) 33 (27, 46) 38 (26.8, 54.0) 0.498
TAPSE (mm) 15 (14.0, 21.8) 17 (14.5, 20.5) 0.906
GFR (mg/dL) 45 (27, 57) 60 (44, 78) 0.022*
Lactate dehydrogenase (U/L) 401 (321, 938) 510 (348, 854) 0.772
Bilirubin (mg/dL) 1.0 (0.4, 1.4) 0.7 (0.3, 1.1) 0.071
Haemoglobin (g/dL) 13.0 (11.2, 14.7) 13.1 (10.5, 14.4) 0.432
Baseline lactate (mg/dL) 3.8 (2.6, 5.9) 3.1 (2.6, 5.5) 0.527
C-reactive protein (mg/dL) 2.8 (0.8, 6.6) 2.5 (0.4, 7.0) 0.735
SCAI shock classification C/D/E, n 8/28/0 10/60/0 0.303
SOFA score 6 (4, 9) 6 (4, 8) 0.467
APACHE II score 17.0 (13.8, 21.3) 21 (15.0, 25.0) 0.103
Baseline vasoactive-inotropic score 30.8 (6.6, 50.2) 38.4 (19.2, 65.5) 0.105
PS-matched cohort Non-ischaemic CS(n = 31) AMI-related CS(n = 31) P
Age (years) 63 (53, 71) 65 (57, 73) 0.311
Male n, (%) 24 (77.4) 23 (74.2) 0.767
Prior cardiac arrest, n (%) 8 (25.8) 10 (32.3) 0.578
Severely reduced LV function, n (%) 29 (93.5) 27 (87.1) 0.390
PAD, n (%) 3 (9.7) 5 (16.1) 0.449
Atrial fibrillation, n (%) 18 (58.1) 11 (35.5) 0.075
Diabetes mellitus, n (%) 8 (25.8) 10 (32.3) 0.576
COPD, n (%) 4 (12.9) 3 (9.7) 0.688
Chronic renal failure, n (%) 14 (45.2) 12 (38.7) 0.607
sPAP (mmHg) 31 (28, 46) 32 (23, 47) 0.675
TAPSE (mm) 18.0 (14.0, 22.3) 17.0 (14.3, 19.0) 0.561
GFR (mg/dL) 46 (24, 57) 50 (34, 63) 0.709
Lactate dehydrogenase (U/L) 393 (302, 867) 422 (282, 919) 0.211
Bilirubin (mg/dL) 0.9 (0.4, 1.2) 0.4 (0.3, 0,9) 0.082
Haemoglobin (g/dL) 13.0 (10.7, 14.8) 12.4 (9.9, 15.6) 0.500
Baseline lactate (mg/dL) 3.8 (2.8, 5.9) 3.8 (2.6, 6.5) 0.848
C-reactive protein (mg/dL) 2.3 (0.5, 6.6) 2.7 (0.3, 9.7) 0.737
SCAI shock classification C/D/E, n 5/26/0 4/27/0 0.718
SOFA score 6 (4, 9) 6 (4, 9) 0.662
APACHE II score 17.0 (13.5, 21.0) 21.0 (14.0, 24.0) 0.375
Baseline vasoactive-inotropic score 32.0 (11.1, 47.0) 35.2 (18.1, 67.0) 0.427

Categorical variables are reported as absolute values and percentages, whereas continuous data are expressed as median with interquar-
tile range. Values are n (%) or median (interquartile range).
APACHE II, Acute Physiology Chronic Health Evaluation; COPD, chronic obstructive pulmonary disease; GFR, glomerular filtration rate; LV,
left ventricular; PAD, peripheral arterial disease; SCAI, Society for Cardiovascular Angiography and Interventions; SOFA, Sequential Organ
Failure Assessment; sPAP, systolic pulmonary artery pressure; TAPSE, Tricuspid Annular Plane Systolic Excursion.
*P ≤ 0.05 between the groups.
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the non-ischaemic group compared with the AMI group (61%
vs. 36%, P = 0.013), and the patients had worse renal function
(GFR) [45 (27, 57) mL/min vs. 60 (44, 78) mL/min] (Table 1).

Propensity score matching yielded 31 patients with
non-ischaemic CS and 31 patients with AMI-related CS
(Supplemental Figure 1). In this propensity score-matched
cohort, there was no difference in baseline laboratory
values or comorbidities between the two groups (Table
1). The median age in the non-ischaemic group was 63
(53, 71) years, which was similar to the AMI group, 65
(57, 73) year (P = 0.311). In the 31 patients with
non-ischaemic origin, CS was based on decompensated di-
lated cardiomyopathy or acute myocarditis in 20 patients
(64.5%) and ischaemic cardiomyopathy in 11 patients
(35.5%). The overall resuscitation rate was 25.8% and
32.3% (P = 0.578). In both groups, patients were severely
ill, as reflected in the APACHE II score [17.0 (13.5, 21.0)
vs. 21.0 (14.0, 24.0), P = 0.375] and the SOFA score [6 (4,
9) vs. 6 (4, 9), P = 0.662]. In 28 out of 31 (90.3%) patients,
the Impella CP device was used; in three out of 31 (9.7%)
patients, the Impella 2.5 device (similar in both groups).

In both groups, implantation of Impella went along with
haemodynamic stabilization, reduction of catecholamines
and normalization of lactate levels (Figure 1).

Systolic blood pressure increased continuously from 91
(80, 101) mmHg at baseline to 100 (100, 120) mmHg at Day
7 in the non-ischaemic CS group (P = 0.001) and from 89
(80, 100) mmHg at baseline to 112 (100, 128) mmHg at Day
7 in the AMI-related CS group (P = 0.001) (Figure 1A).

Diastolic blood pressure increased in the non-ischaemic CS
group during 24-h pVAD support from 45 (40, 60) mmHg at
baseline to 70 (60, 80) mmHg (P = 0.002 vs. baseline) and
then decreased again to 59 (50, 60) mmHg at Day 7
(P = 0.005 vs. 24 h). In the AMI-related group, diastolic blood
pressure did not change with values of 50 (40, 60) mmHg at
baseline, 65 (55, 75) mmHg during 24-h pVAD support
(P = 0.087 vs. baseline) and 60 (50, 68) mmHg at Day 7
(P = 0.5334 vs. 24 h) (Figure 1A).

The need of catecholamines (calculated as
vasoactive-inotropic score) decreased from 32.0 (11.1, 47.0)
at baseline to 5.3 (0, 16.1) at Day 7 in the non-ischaemic group
(P = 0.001) and from 35.2 (18.1, 67.0) to 0 (0, 0) at Day 7 in the
AMI-related CS group (P = 0.001) (Figure 1B). The need of cat-
echolamine support was longer in the non-ischaemic group
compared with the AMI-related CS group: Vasoactive-
inotropic score in the non-ischaemic group at 48 h was 24.2
(8.1, 112.3) vs. 8.4 (0, 22.3) in the AMI group (P = 0.007),
14.8 (3.6, 28.9) vs. 0 (0, 9.8) (P = 0.002) at 72-h pVAD support
and 5.3 (0, 16.1) vs. 0 (0, 0) (P = 0.037) after 7d.

Lactate level decreased continuously from 3.8 (2.8, 5.9)
mmol/L at baseline to 1.0 (0.8, 2.1) mmol/L at Day 7
(P = 0.001) in the non-ischaemic CS group and from 3.8
(2.6, 6.5) mmol/L to 1.2 (1.0, 2.0) mmol/L in the AMI-related
group (P = 0.001) (Figure 1C).

Post-procedural outcome and survival of the propensity
score-matched cohort did not differ among the groups
(Table 2 and Figures 2 and 3). In the non-ischaemic CS group,
four patients died during Impella support, 19 patients were
successfully weaned from device, and eight patients were
upgraded to veno-arterial extracorporeal membrane oxygen-
ation (VA-ECMO) or to long-term MCS (Figure 2). Two of
these upgraded nine patients received heart transplantation.
In the AMI group, eight patients died during Impella support;
in 15 patients, the device could be successfully weaned, and
eight patients were upgraded to VA-ECMO or long-term
MCS (P = 0.406).

In the full cohort, 20 out of 36 patients survived (55.5%)
the first 30 days in the non-ischaemic CS group, and 32 out
of 70 patients (45.7%) in the AMI-related CS group
(P = 0.337). Ninety-day survival was 44.4% (16 patients sur-
vived) in the non-ischaemic CS group, and 40% (28 patients
survived) in the AMI-related CS group (P = 0.660). Kaplan–
Meier curves and the log-rank (Mantel–Cox) test confirmed
similar 90-day survival in both groups (P = 0.190) (Figure 3A).

In the propensity-matched cohort, 17 out of 31 patients
survived (54.8%) after 30 days in the non-ischaemic CS group,
and 16 out of 31 patients (51.5%) in the AMI-related CS group
(P = 0.799). Ninety-day survival was 48.4% (15 patients sur-
vived) in the non-ischaemic CS group, and 45.2% (14 patients
survived) in the AMI-related CS group (P = 0.799). Kaplan–
Meier curves and the log-rank (Mantel–Cox) test confirmed
similar 90-day survival in both groups (P = 0.471) (Figure 3B).

There were no differences between the non-ischaemic CS
group and the AMI group regarding rates of moderate or
life-threatening bleedings and ischaemic peripheral vascular
complications (Table 2). The overall ICU length of stay
[10 (4; 15) d vs. 7 (3; 12) d, P = 0.115] as well as the hospital
length of stay [24 (12; 35) d vs. 12 (4; 29) d, P = 0.415] did not
differ in the non-ischaemic CS group as compared with the
AMI group (Table 2).

Discussion

We here demonstrate using a propensity-adjusted analysis
that pVAD support can be used for haemodynamic stabiliza-
tion in both groups, patients with non-ischaemic CS and pa-
tients with AMI-related CS. Patients with failed myocardial
recovery could be bridged to long-term mechanical support
or even heart transplantation. Altogether, survival of patients
supported by pVAD did not differ between non-ischaemic CS
and AMI-related CS patients.

Patient characteristics in non-ischaemic CS

Patients with non-ischaemic CS differ profoundly from pa-
tients with AMI-related CS. Many patients suffer from acute
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Figure 1 Haemodynamic stabilization of patients with non-ischaemic CS on pVAD support compared with patients with AMI-related CS on pVAD
supportComparison of propensity score-matched groups (each n = 31). (A) Stabilization of systolic and diastolic blood pressure values. (B) Decreased
need of catecholamines assessed by vasoactive-inotropic score. (C) Normalization of lactate levels during pVAD support. *P < 0.05 compared to base-
line, **P < 0.05 between the adjusted groups.AMI, acute myocardial infarction; CS, cardiogenic shock, pVAD, percutaneous ventricular assist device.
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worsening of long-standing ventricular dysfunction that en-
ters into CS or from acute fulminant myocarditis. Thus, base-
line LVEF is usually worse than in patients with AMI-related
CS. In general, these patients were younger and have less car-
diovascular risk factors.9,10 Propensity score matching
allowed us to reduce these confounding factors in the pres-
ent study and to reliably compare the use of pVAD in patients
with a non-ischaemic and an AMI-related CS form.

Haemodynamic stabilization of patients with
non-ischaemic CS

Despite different underlying pathology between patients
with non-ischaemic CS and AMI-related CS, the

haemodynamic effects leading to shock cycle did not differ.
Impaired cardiac output and progressive diastolic dysfunction
raise ventricular end-diastolic pressures, which reduce coro-
nary perfusion pressure, myocardial contractility and stroke
volume.16 The tissue ischaemia triggers the release of inflam-
matory mediators that further impair tissue metabolism,
cause systemic vasodilation and aggravate the haemody-
namic and myocardial collapse.16,17 This maladaptive cycle
may be developed acute, as occurs in AMI-CS or in patients
with fulminant myocarditis, or superimposed on chronic neu-
rohormonal activations that accompany patients with
long-standing ventricular dysfunction.

Catecholamines are commonly used in the treatment of
CS, as they have a positive inotropic effect that provides sup-
port for the failing myocardium. Patients with non-ischaemic

Figure 2 Outcome of patients with non-ischaemic CS supported by Impella compared with patients with AMI-related CS and Impella support.Compar-
ison of propensity score-matched groups (each n = 31).AMI, acute myocardial infarction; CS, cardiogenic shock; VA-ECMO, veno-arterial extracorporeal
membrane oxygenation; LVAD, left ventricular assist device.

Table 2 Clinical outcome of the propensity score matched study population

Non-ischaemic CS(n = 31) AMI-related CS(n = 31) p

Length of support (d) 3 (2, 5) 2 (1, 4) 0.075
Mechanical ventilated, n (%) 23 (74.1) 25 (80.6) 0.544
Peripheral ischaemic complications
requiring intervention in hospital, n (%)

1 (3.3) 2 (6.5) 0.554

Moderate bleeding in hospital, n (%) 3 (9.7) 4 (12.9) 0.688
Life-threatening or severe bleeding
in hospital, n (%)

2 (6.5) 1 (3.2) 0.554

Length of mechanical ventilation (h) 175 (15, 355) 195 (43, 456) 0.370
Renal replacement therapy, n (%) 17 (54.8) 13 (41.9) 0.309
Hospitalization (d) 24 (12, 35) 12 (4, 29) 0.415
ICU length of stay (d) 10 (4, 15) 7 (3, 12) 0.115

Categorical variables are reported as absolute values and percentages, whereas continuous data are expressed as median with interquar-
tile range. Values are n (%) or median (interquartile range).
ICU, intensive care unit.
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CS are less likely to improve with conventional medical inter-
ventions alone because their limited cardiac reserve makes
them less responsive to inotropes compared with the AMI
patient population.18 In addition, inotropes increase oxygen
demand and may thereby negatively impact mortality in this
setting.13

Previous studies described the use of intra-aortic balloon
pump (IABP) for haemodynamic stabilization of patients with
non-ischaemic CS.19,20 In an analysis of the National Inpatient
Sample database from 2010 to 2014, the use of IABP was as-
sociated with lower mortality when compared with pVAD
use.21 This observation has to be interpreted with caution
given the superior haemodynamic effects of pVADs over IABP
and the inability of IABP to improve patient cardiac
output.6,22 In fact, the observational study was limited by het-
erogeneity in the patient populations with sicker patients be-
ing present in the pVAD group.

The use of pVAD as the Impella axial flow pump provides
direct unloading of the left ventricular and augmentation of
cardiac output and mean arterial pressure, which improve
end-organ perfusion.6–8 Directly unloading of the left ventri-
cle decreases ventricular wall stress, external work and myo-
cardial oxygen consumption while enhancing myocardial
recovery.6,22 Therefore, irrespective of the setting of CS, and
even without the possibility of quick intervention that could
promote recovery as in patients with AMI, left ventricular
unloading using a pVAD could support the failing myocar-
dium and therefore enhance its chances to recover and
stabilize.6,23 In our study, pVAD could successfully weaned af-
ter recovery of myocardial function in 59% of the patients
with non-ischaemic CS. When recovery fails, the use of pVAD
provides the circulatory support that enables the care team
to make decisions as to the patient’s candidacy for durable
support devices or transplantation,24 as this was performed
in 18.8% of the patients with non-ischaemic CS in the present
study. In case of a bridge to transplant concept, it might be
preferable to upgrade to axillary pVAD because they enable
patient mobility and a more stable and durable device posi-
tion for prolonged haemodynamic support.25,26

Prognosis of patients with non-ischaemic CS

In general, mortality is higher in patients with non-ischaemic
CS compared with patients with AMI-related shock.10 The
reasons for this observation might be multifactorial as pa-
tients with non-ischaemic CS were more likely to present in
a worse clinical condition (unfavourable haemodynamics
and more mechanical ventilation)10 and the lack of
evidence-based treatments for this group.4 For AMI-related
CS, the use of an Impella device in a retrospective analysis
was not associated with lower mortality compared with
matched patients treated with an IABP or medical
therapy.27,28 The prospective randomized DanGer shock trial
is ongoing and compares the outcome of patients treated
by Impella vs. medical therapy.29 Up to now, no randomized
study exists that investigates the outcome of patients with
non-ischaemic CS treated by Impella vs. medical therapy.

In our study, adjusted survival rate of CS patients treated
by pVAD did not differ between the groups. Our findings
are in line with a previous unadjusted study that also demon-
strated similar survival rates between patients with pVAD
support for non-ischaemic vs. AMI-related CS.30

The present study is limited by the retrospective study de-
sign and the inherent limitations of such an approach. Includ-
ing all patients who are alive at a respective time point in the
longitudinal analysis of blood pressure, catecholamines and
lactate levels might have generated a relevant survivor-ship
bias. In addition, we did not capture complete haemody-
namic data in this patient population that could underline
the mechanism of the observed effects. The form of

Figure 3 Survival of non-ischaemic CS patients supported by Impella
compared with AMI CS patients and Impella support(A) Comparison of
full cohort and (B) propensity score-matched groups (each n = 31).
Kaplan–Meier survival curves stratified by non-ischaemic or AMI-related
CS for 90-day survival. 90-day survival did not differ among the groups
(P = 0.593).AMI, acute myocardial infarction; CS, cardiogenic shock.
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non-ischaemic CS is more likely to require a biventricular hae-
modynamic support compared with AMI-CS.31 Thus, early
identification of right ventricular failure using pulmonary ar-
tery catheter (PAC)-derived haemodynamic monitoring might
be particularly important in this form of CS to individualize
catecholamine und volume therapy and to identify early the
need of MCS upgrade.32,33

Conclusions

We here demonstrate that in patients with non-ischaemic CS,
pVAD support can be used for haemodynamic stabilization
and bridging to recovery or for bridging to long-term me-
chanical support and heart transplantation.
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patients with non-ischemic CS and 31 patients with
AMI-related CS.
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