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Aims This study aimed to give contemporary insight into the use of Impella and venoarterial extracorporeal membrane
oxygenation (VA-ECMO) in acute myocardial infarction-related cardiogenic shock (AMICS) and into associated
outcomes, adverse events, and resource demands.

Methods This nationwide observational cohort study describes all AMICS patients treated with Impella (ABIOMED, Dan-

and results vers, MA, USA) and/or VA-ECMO in 2020-2021. Impella and/or VA-ECMO were used in 20% of all AMICS cases
(n=4088). Impella patients were older (34% vs. 13% >75years, p <0.001) and less frequently presented after
an out-of-hospital cardiac arrest (18% vs. 40%, p <0.001). In-hospital mortality was lower in the Impella versus
VA-ECMO cohort (61% vs. 67%, p =0.001). Adverse events occurred less frequently in Impella-supported patients:
acute haemorrhagic anaemia (36% vs. 68%, p < 0.001), cerebrovascular accidents (4% vs. 11%, p <0.001), throm-
boembolisms of the extremities (5% vs. 8%, p <0.001), systemic inflammatory response syndrome (21% vs. 25%,
p =0.004), acute kidney injury (44% vs. 53%, p < 0.001), and acute liver failure (7% vs. 12%, p < 0.001). Impella patients
were discharged home directly more often (20% vs. 11%, p <0.001) whereas VA-ECMO patients were more often
discharged to another care facility (22% vs. 19%, p =0.031). Impella patients had shorter hospital stays and lower
hospital costs.

Conclusion This is the largest, most recent European cohort study describing outcomes, adverse events, and resource demands
based on claims data in patients with Impella and/or VA-ECMO. Overall, adverse event rates and resource
consumption were high. Given the current lack of beneficial evidence, our study reinforces the need for prospectively
established, high-quality evidence to guide clinical decision-making.
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Impella and VA-ECMO in Patients with AMI Related Cardiogenic Shock
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In AMICS patients with Impella and/or VA-ECMO, overall mortality, adverse event rates and resource consumption were high.

Impella and venoarterial extracorporeal membrane oxygenation (VA-ECMO) in patients with acute myocardial infarction-related cardiogenic shock
(AMICS). AMI, acute myocardial infarction; CS, cardiogenic shock; DRG, diagnosis-related group; ICD-10, International Classification of Diseases,
10th Revision; PCI, percutaneous coronary intervention; SIRS, systemic inflammatory response syndrome.
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Introduction

The treatment of cardiogenic shock complicating acute myocardial
infarction (AMICS) remains a challenge and mortality rates linger
around 40-50%."% In the last decades, only three adequately
powered and guideline-changing randomized controlled trials
have been conducted in this population. In the first, immediate
revascularization was demonstrated to be better than initial
medical stabilization.> In the second trial, culprit-vessel percuta-
neous coronary intervention (PCl) was proven to be beneficial
over multivessel PCl in patients with multivessel disease.* In
the third trial, the IABP-SHOCK |l trial, the routine use of an
intra-aortic balloon pump (IABP) had no impact on survival.’
Since the publication of the latter trial and subsequent changes
in guidelines, which resulted in a decreased usage of the IABP,
the use of mechanical circulatory support (MCS) with Impella (a
percutaneous microaxial left ventricular assist device [pLVAD])
and/or venoarterial extracorporeal membrane oxygenation
(VA-ECMO) has been increasing rapidly, notwithstanding the
lack of evidence for outcome improvement."2¢ The ECMO-CS
trial (n=122), comparing upfront VA-ECMO versus initially con-
servative therapy in severe or rapidly deteriorating cardiogenic
shock, showed no outcome improvements in favor of immediate
implementation of VA-ECMO.” Additionally, the INCEPTION trial
(n=160) and the Prague OHCA trial (n =256) demonstrated that

Acute myocardial infarction e Cardiogenic shock e Impella e Venoarterial extracorporeal
Resource demands

extracorporeal cardiopulmonary resuscitation (eCPR) did not
significantly improve survival compared to conventional CPR in
the setting of out-of-hospital cardiac arrests (OHCA).8? However,
both trials were relatively small-sized and likely underpowered
to find a difference in survival. Likewise, the small-sized IMPRESS
in Severe Shock trial showed no beneficial effect of Impella
over |IABP on mortality after 30days and also after 5years of
follow-up.’®"" Also, the very recently published ECLS-SHOCK
trial (n=420) showed no improvement in 30-day mortality of
VA-ECMO compared to medical treatment alone.?

Contrary to the lack of evidence substantiating outcome
improvements, it is well-known that MCS is accompanied by
various adverse events and high resource demands.'*'* The com-
parison of adverse event rates in AMICS patients supported by
an Impella and/or VA-ECMO has been described in several small
retrospective studies and only one large retrospective cohort
(n=6290) from the National Inpatient Sample (NIS) database
from the United States of America (USA) between 2015 and
2017." All previously published studies enrolled patients for over
5years or were published more than 5 years ago. Based on these
studies, three meta-analyses have been published recently. All of
them report significantly lower in-hospital mortality for patients
with an Impella versus VA-ECMO. However, considering the
included studies and the quickly evolving MCS landscape, these

meta-analyses may not resemble the most current practice.’ '8
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In addition, these meta-analyses did not report on the length of
stay and healthcare costs.

This nationwide large and contemporary, retrospective study
of data collected for a short period aimed to give insight into
the current use of Impella and/or VA-ECMO in AMICS patients.
Moreover, this study aimed to give current insight into clinical
outcomes, adverse events, and resource demands allied to the use
of these devices.

Methods

Data source and cohort identification

We conducted a national retrospective cohort study using publically
available data from 2020 and 2021 from the Institute for the Hos-
pital Remuneration System GmbH (Institut fiir das Entgeltsystem im
Krankenhaus GmbH, InEK). The InEK GmbH database is an Inter-
national Classification of Diseases (ICD-10) code-based database,
containing all in-hospital data of Germany. Because it concerns a
publically available database, individual patient data are not provided.
The database does provide incidences of diseases, diagnoses, and pro-
cedures of a specifically selected population, without specific timing or
dates. Cohort identification was based on the ICD-10 codes for acute
myocardial infarction (AMI) (121.0-121.9), cardiogenic shock (R.57.0),
percutaneous coronary intervention (8—839.%), Impella (8—839.46)
and VA-ECMO (8-852.3%) (Graphical Abstract). Additional details
on cohort identification can be found in the online supplementary
material. After dataset extraction, the investigators only categorized
diagnoses into baseline characteristics and adverse events. The inves-
tigators had no involvement in the process of diagnosing and assigning
medical codes. This was done by the attending medical team at the
time of admission and the coding team.

Data extraction

Baseline characteristics including age, sex, relevant comorbidities, and
details regarding the AMI were extracted, as well as relevant proce-
dures and interventions such as mechanical ventilation, transfusion
of blood and blood products, dialysis, and pulmonary artery pres-
sure monitoring. Also, data on relevant adverse events and outcomes
including haemorrhage, thromboembolic events, acute kidney and liver
failure, and infections as well as the length of stay and discharge desti-
nations were noted (see online supplementary material).

Statistical analysis

To ensure unpaired groups, the incidences of baseline characteristics,
procedures, and outcomes in the Impella and VA-ECMO cohorts were
calculated by subtracting the incidences of the Impella + VA-ECMO
cohort from either the Impella cohort or the VA-ECMO cohort (see
online supplementary material). The incidences for patients without a
device were calculated by subtracting the sum of incidences in the three
device cohorts from the incidences in the overall AMICS cohort, these
results can be found in the online supplementary Tables S7—-S3 and
Figures ST and S2. In-hospital mortality and discharge destinations were
also calculated for the cohorts excluding the OHCA patients. Uni-
variate comparisons for categorical variables between the Impella and
VA-ECMO cohorts were performed using the Pearson Chi-square test.
Odds ratios (OR) for various outcomes were calculated and the 95%
confidence intervals (Cl) were defined. The following cohorts were

compared: Impella cohort versus VA-ECMO cohort, device cohort
(sum of the Impella, VA-ECMO and VA-ECMO + Impella cohorts) ver-
sus no device cohort and the VA-ECMO + Impella cohort versus the
Impella cohort and the VA-ECMO cohort (Tables 7 and 2 and online
supplementary Tables S7 and S2). Statistical analyses were performed
using R Software including the readxl and tidyverse package (version
4.2.1, R Foundation for statistical computing, Vienna, Australia).

Length of stay evaluation

The public INEK GmbH database reports the index-hospital length
of stay using the mean and standard deviation. The pooled mean
and standard deviation over 2020 and 2021 were calculated using
weighted averages. The mean and standard deviation of the Impella and
VA-ECMO cohort were derived from the mean and standard deviation
of all Impella and VA-ECMO patients (including overlap) and the over-
lapping cohort (Impella + VA-ECMO). Similarly, the mean and standard
deviation of the no device cohort derived from the mean and standard
deviation of the total AMICS cohort and the device cohorts (online
supplementary Table S3). A statistically significant difference between
the index-hospital length of stay between the Impella and VA-ECMO
cohorts was tested using a two-tailed t-test tool for summary statistics.

Cost calculation

In Germany, each patient is assigned a diagnosis-related group (DRG),
with corresponding costs. On top of costings, some specific proce-
dures are attributed with an additional fee. The total costs per cohort
were calculated by summing the overall DRG costs and the over-
all additional charges. The overall in-hospital costs for the Impella
and VA-ECMO cohorts were calculated by subtracting the overall
in-hospital costs of the Impella+VA-ECMO cohort from both the
Impella and VA-ECMO cohort, resulting in three separate cohorts.
Average costs per patient and survivor were calculated by dividing the
total in-hospital costs of a cohort by the number of patients or sur-
vivors in that cohort. All cost calculations were calculated in Excel
2016. As it concerns a publicly available database, the sporadic DRGs
and procedures are not reported due to privacy concerns and could
therefore not be included in the analysis. Hence, the costs are at least
slightly underestimated (see online supplementary material for a more
elaborate description of the costs and cost calculation).

Results

General

In 2020-2021, 256 112 cases of AMI in combination with a PCI
have been registered in the German DRG system. Of these, 8%
were complicated by cardiogenic shock (n =20 399). Of all AMICS
cases, 20% received Impella and/or VA-ECMO support (n =4088).
Impella was used most often, namely in 13% (n =2700) of all AMICS
patients, VA-ECMO was used in 5% (n=959) and 2% (n=429)
received haemodynamic support using both devices (Figure 7,
Graphical Abstract).

Baseline and cardiogenic shock
characteristics
The baseline characteristics of the patients are depicted in

Table 1. Concerning sex, comorbidities, myocardial infarc-
tion type, and findings from coronary angiography, Impella
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Table 1 Baseline characteristics of patients who received mechanical circulatory support with Impella and/or

venoarterial extracorporeal membrane oxygenation for acute myocardial infarction-related cardiogenic shock

Impella VA-ECMO VA-ECMO + Impella p-value®
(n=2700) (n=959) (n=429)
Demographics, n (%)
Age category, years
<55 353 (13) 235 (25) 122 (28) <0.001
55-64 629 (23) 322 (34) 159 (37) <0.001
65-74 788 (29) 277 (29) 113 (26) 0.860
>75 930 (34) 125 (13) 35(8) <0.001
Male sex 2020 (75) 761 (79) 344 (80) 0.005
Comorbidities, n (%)
Hypertension 1014 (38) 295 (31) 151 (35) <0.001
Hypercholesterolaemia 843 (31) 264 (28) 120 (28) 0.032
Diabetes mellitus 838 (31) 232 (24) 75 (17) <0.001
Peripheral arterial disease 296 (11) 126 (13) 16 (4) 0.070
Prior myocardial infarction 176 (7) 52 (5) 23 (5) 0.228
Chronic renal failure® 399 (15) 76 (8) 30 (7) <0.001
Chronic lung disease? 126 (5) 32 (3) 8(2) 0.082
At admission, n (%)
OHCA 476 (18) 384 (40) 165 (38) <0.001
Acidosis 1078 (40) 431 (45) 213 (50) 0.007
Acute respiratory failure 2258 (84) 790 (82) 399 (93) 0.372
Myocardial infarct type
Non-STEMI 845 (31) 206 (21) 80 (19) <0.001
STEMI anterior 1181 (44) 435 (45) 233 (54) 0.386
STEMI inferior 492 (18) 242 (25) 73 (17) <0.001
STEMI not specified 163 (6) 70 (7) 39 (9) 0.169
MI not specified 19 (1) 6(1) 4(1) 0.801
Coronary angiography, n (%)
Single vessel CAD 336 (12) 173 (18) 63 (15) <0.001
Two-vessel CAD 570 (21) 200 (21) 95 (22) 0.867
Three-vessel CAD 1613 (60) 510 (53) 238 (55) <0.001
Left main stenosis 670 (25) 208 (22) 95 (22) 0.052
Bypass graft stenosis 51(2) 23 (2) NA 0.336
Stent stenosis 166 (6) 69 (7) 36 (8) 0.256

CAD, coronary artery disease; MI, myocardial infarction; OHCA, out-of-hospital cardiac arrest; STEMI, ST-elevation myocardial infarction; VA-ECMO, venoarterial

extracorporeal membrane oxygenation.
2Comparison Impella versus VA-ECMO.

bP-values corresponding with Impella versus VA-ECMO + Impella and VA-ECMO versus VA-ECMO + Impella can be found in online supplementary Table S7.

“Stage 3—5 (estimated glomerular filtration rate <60 ml/min/1.73 m?).
dChronic obstructive pulmonary disease stage |-IV.

and VA-ECMO patients were quite comparable. However,
Impella-supported patients were older (34% vs. 13% >75 years,
p <0.001) and presented with an OHCA less often compared to
VA-ECMO-supported patients (18% vs. 40%, p < 0.001).

Hospital stay

In addition to haemodynamic support, patients also received var-
ious other forms of organ support. Renal replacement therapy
was required in 28% of the Impella-supported patients, compared
with 44% of the VA-ECMO-supported patients (OR 2.04, 95%
Cl 1.75-2.38; p<0.001). In patients who received a combina-
tion of Impella and VA-ECMO, this percentage was even higher,
namely 63%. Red blood cell transfusions were given to 47% of the

Impella-supported patients and 81% of the VA-ECMO-supported
patients (OR 4.84, 95% Cl 4.05-5.78; p < 0.001). Impella patients
were also given platelet transfusions and fresh frozen plasma less
often compared to VA-ECMO-supported patients (4% vs. 28%;
OR 8.63, 95% CI 6.83-10.91, p <0.001; and 14% vs. 46%, OR
5.49, 95% Cl 4.64—-6.50, p <0.001, respectively) (Table 2). The
adverse event rates in these cohorts are depicted in Figure 2, show-
ing that both haemorrhagic and thromboembolic events occurred
less often in patients who received Impella support compared
to patients who received VA-ECMO support. Infections, sys-
temic inflammatory response syndrome, and septic shock were
also observed less often in the Impella than in the VA-ECMO
population. Haemodynamic support with both devices was asso-
ciated with even higher rates of adverse events compared with

© 2023 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Table 2 Clinical course details on interventions, adverse events and outcomes

Impella VA-ECMO VA-ECMO + Impella OR (95% CI)2 p-value®
(n=2700) (n=959) (n=429)

Diagnostic procedures, n (%)

Pulmonary artery pressure monitoring 301 (11) 105 (11) 61 (14) 0.98 (0.77-1.24) 0.866

Organ support, n (%)

Cardiopulmonary resuscitation 1388 (51) 620 (65) 310 (72) 1.73 (1.49-2.01) <0.001

Mechanical ventilation® 2234 (83) 706 (74) 374 (87) 0.58 (0.49-0.69) <0.001

Renal replacement therapy? 757 (28) 425 (44) 270 (63) 2.04 (1.75-2.38) <0.001

Transfusions, n (%)

Packed red blood cells 1265 (47) 777 (81) 361 (84) 4.84 (4.05-5.78) <0.001

Platelets® 115 (4) 266 (28) 166 (39) 8.63 (6.83-10.91) <0.001

Fresh frozen plasma 365 (14) 443 (46) 278 (65) 5.49 (4.64-6.50) <0.001

Adverse events, n (%)

Cerebrovascular accident 120 (4) 105 (11) 51(12) 2.64 (2.01-3.47) <0.001
Ischaemic 91 (3) 75 (8) 49 (11) 243 (1.77-3.33) <0.001
Haemorrhagic 29 (1) 30 (3) 2 (0) 2.97 (1.77-4.97) <0.001

Thromboembolism extremity 122 (5) 80 (8) 47 (11) 1.92 (1.43-2.57) <0.001

Upper airway bleeding’ 254 (9) 173 (18) 121 (28) 2.12 (1.72-2.61) <0.001

Gastro-intestinal bleeding 160 (6) 72 (8) 40 (9) 1.29 (0.97-1.72) 0.084

Bleeding after surgical intervention 567 (21) 243 (25) 146 (34) 1.28 (1.08-1.52) 0.005

Acute haemorrhagic anaemia 964 (36) 649 (68) 341 (79) 3.77 (3.22-4.41) <0.001

Acute kidney failure 1183 (44) 510 (53) 282 (66) 1.46 (1.26—-1.69) <0.001

(Sub)acute liver failure 178 (7) 111 (12) 75 (17) 1.85 (1.44-2.37) <0.001

Infections
SIRS 557 (21) 241 (25) 164 (38) 1.29 (1.08-1.53) 0.004
Sepsis 394 (15) 184 (19) 103 (24) 1.39 (1.15-1.69) 0.001
Septic shock 149 (6) 76 (8) 52 (12) 1.47 (1.10-1.96) 0.008

Delirium 429 (16) 130 (14) 54 (13) 0.83 (0.67-1.03) 0.085

Outcomes, mean + SD/n (%)

Length of stay 11.4+16.4 13.8+19.2 17.6 +21.6 NA <0.001

Hospital mortality 1640 (61) 642 (67) 309 (72) 1.31 (1.12-1.53) 0.001

Discharged to other care facility 507 (19) 211 (22) 85 (20) 1.22 (1.02-1.46) 0.031

Discharged home 553 (20) 106 (11) 35 (8) 0.48 (0.38-0.60) <0.001

Cl, confidence interval; OR, odds ratio; SD, standard deviation; SIRS, systemic inflammatory response syndrome; VA-ECMO, venoarterial extracorporeal membrane

oxygenation.
20dds for Impella versus VA-ECMO.

Comeparison Impella versus VA-ECMO. The OR for Impella versus VA-ECMO + Impella and VA-ECMO versus VA-ECMO + Impella can be found in online supplementary

Table S2.
¢Sum of endotracheal intubation, mask ventilation, and high-flow nasal canula.

dContinuous venovenous haemofiltration, continuous venovenous haemodialysis and continuous venovenous haemodiafiltration.

¢Apheresis-retrieved platelets not included.
fNose, throat, or airway bleed.

Impella or VA-ECMO alone (Figure 2, Graphical Abstract, and online
supplementary Table $2).

Mortality and discharge destination

In this AMI cohort (n=256 112), in-hospital mortality was 7%.
An almost seven-fold increase to 52% is seen in AMICS patients
(n=20399). For the Impella and VA-ECMO cohorts, in-hospital
mortality was even higher (61% and 67%, respectively; p=0.001).
The in-hospital mortality in the VA-ECMO + Impella cohort was
72%. Whereas 85% of the AMI patients were directly discharged
home after their primary hospitalization, this was only 31% in
AMICS patients. In the Impella cohort, 20% were discharged home

directly, in the VA-ECMO cohort this was only 11% (p <0.001).
Admission to another care facility after the initial treatment was
needed in 19% of the patients from the Impella cohort and 22% of
the patients from the VA-ECMO cohort (p =0.031).

In the AMICS cohort excluding OHCA patients, in-hospital
mortality was 51%. For the Impella cohort, the VA-ECMO cohort,
and the cohort of patients supported by both devices, in-hospital
mortality was 59%, 67%, and 70%, respectively, when excluding
OHCA patients (Figure 3).

Length of stay

The average hospital length of stay in the AMI cohort
was 6.7 +6.8days, while for the AMICS cohort, this was

© 2023 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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256112 patients had a percutaneous coronary intervention for acute
myocardial infarction in 2020-2021 in Germany

13% Impella

5% VA-ECMO

92% No shock 8% Shock

2% VA-ECMO and
80% No device Impella

ONo shock ONo device Olmpella @VA-ECMO ®VA-ECMO and Impella

Figure 1 Incidence and prevalence of acute myocardial infarction-related cardiogenic shock and the use of Impella and/or venoarterial
extracorporeal membrane oxygenation (VA-ECMO) in the study population.
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Figure 2 In-hospital adverse events in patients supported by Impella, venoarterial extracorporeal membrane oxygenation (VA-ECMO), or
Impella + VA-ECMO. For each adverse event, the three bars represent (from left to right): the Impella cohort, the VA-ECMO cohort, and the
Impella + VA-ECMO cohort. SIRS, systemic inflammatory response syndrome.

10.5+13.5days (online supplementary Table S3). The average : analysing only the surviving and discharged patients (online
index hospital length of stay of Impella-supported patients supplementary Table S3).

was shorter than that of VA-ECMO-supported patients

(11.4x+16.4days vs. 13.8+19.2days; p<0.001). The index

hospital length of stay of patients receiving both devices was Costs
17.6 +21.6 days. The Signiﬁcant differences in Iength of stay The average index in_hospital costs for an |mpe||a_supported
between the Impella and VA-ECMO groups persisted when : patient were €36 655.18, whereas the average index in-hospital
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Discharge destinations
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90%

60%
50%
40%
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AMI-CS Impella VA-ECMO VA-ECMO and
Impella

= Home Health care facility In hospital death

Discharge destinations (OHCA excluded)
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+

90%

40%
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10%

AMI-CS Impella VA-ECMO VA-ECMO and
Impella

® Home Health care facility In hospital death

Figure 3 Discharge destinations per patient population. This figure illustrates the distribution of discharge destinations for five patient cohorts
(from left to right): patients with acute myocardial infarction (AMI), patients with acute myocardial infarction-related cardiogenic shock (AMICS),
patients with AMICS who received Impella support, patients with AMICS who received venoarterial extracorporeal membrane oxygenation
(VA-ECMO) support, and patients with AMICS who received Impella + VA-ECMO support. The top figure represents all patients, while the
one below excludes patients who experienced an out-of-hospital cardiac arrest (OHCA). The columns indicate the percentage of patients who
were discharged home, transferred to a health care facility, or who died before discharge, arranged from bottom to top.
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Average in hospital costs per individual
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Figure 4 Average costs of the index admission. This figure shows the average in-hospital costs per individual (top) and per survivor (bottom)
of three cohorts (from left to right): patients who received Impella support, patients who received venoarterial extracorporeal membrane
oxygenation (VA-ECMO) support, and patients who received Impella + VA-ECMO support. Each column represents the diagnosis-related

group (DRG) costs plus the additional fees for that cohort.

costs for a VA-ECMO-supported patient were €43 322.53. The
index in-hospital costs for a patient supported by both devices
were €66 150.86 on average. The average index in-hospital costs
per AMICS survivor supported by an Impella, VA-ECMO, or
a combination of devices were €93060.85, €130703.27, and
€218061.87, respectively (Figure 4, Graphical Abstract).

Discussion

Our study included 4088 consecutive cardiogenic shock patients
and is the largest European and second largest worldwide cohort

of patients supported by Impella and/or VA-ECMO. Additionally,
by describing data from 2020 and 2021 only, this study provides a
unique present-day insight into the rapidly evolving MCS landscape.

In this study, mortality in AMI patients was 7%. An almost
seven-fold increase to 52% was seen in patients suffering from
AMICS (Figure 3). Impella and/or VA-ECMO were deployed in 20%
of all AMICS cases. In-hospital mortality in these cohorts was
even higher (61% and 67% for the Impella and VA-ECMO cohort,
respectively). In-hospital mortality rates are slightly higher com-
pared to previous studies. This might be due to the unselected,
real-world, national, registry-based character of this study."” Like

© 2023 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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our study, higher in-hospital mortality in VA-ECMO patients com-
pared to Impella patients has been reported previously.*~"® How-
ever, as underscored by the recent publication of Almarzooq
et al," the differences in clinical outcomes between Impella and
VA-ECMO in this observational data analysis must be interpreted
in the setting of possible unmeasured and unadjusted confounders
in patient and institutional characteristics. For instance due to
physicians’ preferences and device availability, but also depend-
ing on cardiogenic shock severity (according to the SCAI classi-
fication), risk modifiers, and cardiogenic shock phenotype.®1%-2!
Nevertheless, the Impella and VA-ECMO patients in our study
were quite comparable with regard to comorbidities and cardio-
genic shock aetiology, though Impella patients were older and
presented less frequently after an OHCA. In contrast to previ-

ous literature, -2

in-hospital mortality rates in our cohort were
comparable when OHCA patients were excluded from the analy-
sis (Figure 3). Although contra-intuitive, this finding is underscored
by some previous studies.'??*2> Helgestad et al.® even reported
lower in-hospital mortality in AMICS patients with OHCA than in
those without OHCA. Possibly, the absence of difference in mor-
tality in patients with and without an OHCA can be explained by
a possible very high shock severity (SCAI E) in our population.?’
Also, our study population differs from the general AMICS pop-
ulation by exclusion bias. Supposedly, patients with severe neuro-
logical damage after OHCA did not receive Impella or VA-ECMO
support. Another possible explicatory confounder could be the
symptom-to-balloon time, which might have been shorter in the
OHCA patients.”?® Nonetheless, the high mortality rates and the
significant proportion of patients experiencing OHCA or undergo-
ing CPR, raise the question whether identification of patients that
might benefit from Impella and/or VA-ECMO could be improved.

Compared to VA-ECMO-supported patients, Impella-supported
patients experienced fewer ischaemic and haemorrhagic adverse
events, such as acute haemorrhagic anaemia, cerebrovascular acci-
dents, and thromboembolisms of the extremities. Also, acute kid-
ney injury, acute or subacute liver failure, and systemic inflam-
matory response syndromes were less frequent in the Impella
versus the VA-ECMO cohort. Consequently, Impella patients less
often received renal replacement therapy and transfusions than
VA-ECMO-supported patients. These findings are in accordance
with previous literature, such as the meta-analysis from Ahmad
et al., reporting significantly lower incidences of stroke, access-site
bleeding, major bleeding, and limb ischaemia in Impella patients.">'¢
The findings are of importance as the literature shows that in addi-
tion to patient characteristics, adverse events are also associated
with the device characteristics, such as the required arteriotomy
size. Moreover, vascular complications are associated with higher
mortality rates and in-hospital costs.?’

In our study, Impella patients were directly discharged home
more often and had a shorter length of stay compared to
VA-ECMO patients. These findings have also been reported pre-
viously. 14153031 Additionally, the associated in-hospital costs were
on average lower for Impella patients compared to VA-ECMO
patients, which is also in accordance with previous literature.'*3":32
These high costs are partly attributable to the high adverse event
rates; for instance, blood and blood product transfusions and renal

replacement therapy are additionally charged. However, the cost
differences might also be (partly) explained by differences between
the groups in the underlying patient characteristics and/or the traits
of the index hospital. We hypothesize that the long length of stay
and the low number of patients that are directly discharged home,
may also (at least partly) be attributable to the high adverse event
rates. Namely, some adverse events such as a stroke might have dis-
abling consequences, resulting in an extended length of stay or even
another discharge destination (e.g. a rehabilitation centre instead
of home). In addition, a prolonged hospital stay can also be a risk
factor for hospital-acquired infections.

In summary, our study shows that VA-ECMO therapy is asso-
ciated with a higher degree of invasiveness and adverse events
when compared with Impella. Prospective randomized trials com-
paring Impella and/or VA-ECMO are unreservedly needed to define
the best treatment strategy for patients suffering from AMICS.
The ANCHOR trial (NCT04184635) which evaluates VA-ECMO
in AMICS, is recruiting. Of note, the very recently published
ECLS-SHOCK trial (n =420) showed no improvement on 30-day
mortality of VA-ECMO compared to medical treatment alone.?
The DanGer Shock trial (NCT01633502) compares Impella versus
no Impella in AMICS patients and is well underway.* The effects of
Impella versus no Impella will also be evaluated by the ULYSS trial
(NCT05366452) and the RECOVER IV trial (NCT05506449).3°

In this current era, in which evidence of beneficial effects is
lacking and the results of the upcoming trials are yet unknown, the
results of our study support a careful and individualized assessment
of the potential benefits, risks, and resource demands before device
initiation.

Limitations

This study has some inherent limitations. First, treatment selec-
tion bias can be assumed. Second, although these data represent
a very complete, contemporary, and unselected population, gen-
eralizability might be comprised due to the single-nation nature
of this study. Part of these data is however in line with previously
published data from other nations and the contemporary and unse-
lected nature of this study is of great value for clinical applicability in
such a rapidly developing landscape. Third, case selection and data
extraction were based on ICD-10 coding, with a risk of underes-
timating the prevalence of diagnoses and procedures. Also, con-
firmation of diagnoses and adverse events were not submitted to
adjudication, haemodynamic data were not available and rare diag-
noses and procedures (less than four per cohort) were not available
to ensure privacy. Moreover, differentiation between iterative use,
(de)escalation and unloading in the Impella + VA-ECMO group was
impossible due to the lack of data on timing, causing a heteroge-
neous cohort. Likewise, eCPR patients could not be excluded due
to the lack of granular patient data. However, the sensitivity analysis
with and without OHCA did not importantly change the outcomes.
Last but importantly, the reported costs should be interpreted as
indicative and minimal costs. The InEK GmbH database does not
provide the DRG codes and procedures that occur less than four
times per cohort, to prevent public availability of traceable infor-
mation. Therefore, these DRGs and procedures are omitted from
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the calculation, very likely resulting in an underestimation of the
total costs.

Conclusion

This is the most current and largest European AMICS cohort that
described outcomes, adverse events, and resource demands based
on claims data in AMICS patients with Impella and/or VA-ECMO
support. Overall, mortality, adverse event rates and resource
consumption were high. Compared to patients receiving Impella
support, those receiving VA-ECMO support have higher in-hospital
mortality, higher adverse event rates, higher index in-hospital costs,
and a longer length of stay. However, these results should be
interpreted in the presence of confounders. Given the current
lack of beneficial evidence, our study reinforces the urgent need
for prospectively established, high-quality evidence to guide clinical
decision-making.

Supplementary Information

Additional supporting information may be found online in the
Supporting Information section at the end of the article.

Conflict of interest: none declared.

References

1. Schrage B, Becher PM, Gossling A, Savarese G, Dabboura S, Yan |, et al. Temporal
trends in incidence, causes, use of mechanical circulatory support and mortality
in cardiogenic shock. ESC Heart Fail 2021;8:1295-1303. https://doi.org/10.1002/
ehf2.13202

2. Shah M, Patnaik S, Patel B, Ram P, Garg L, Agarwal M, et al. Trends in
mechanical circulatory support use and hospital mortality among patients with
acute myocardial infarction and non-infarction related cardiogenic shock in
the United States. Clin Res Cardiol 2018;107:287-303. https://doi.org/10.1007/
s00392-017-1182-2

3. Hochman |S, Sleeper LA, Webb |G, Sanborn TA, White HD, Talley |D, et al.
Early revascularization in acute myocardial infarction complicated by cardiogenic
shock. SHOCK Investigators. Should We Emergently Revascularize Occluded
Coronaries for Cardiogenic Shock. N Engl | Med 1999;341:625-634. https://doi.
org/10.1056/NEJM199908263410901

4. Thiele H, Akin |, Sandri M, Fuernau G, de Waha S, Meyer-Saraei R, et al;
CULPRIT-SHOCK Investigators. PCl strategies in patients with acute myocardial
infarction and cardiogenic shock. N Engl ] Med 2017;377:2419-2432. https://doi.
org/10.1056/NEJMoa1710261

5. Thiele H, Zeymer U, Thelemann N, Neumann FJ, Hausleiter ], Abdel-Wahab M,
et al; IABP-SHOCK Il Investigators. Intraaortic balloon pump in cardiogenic
shock complicating acute myocardial infarction: Long-term 6-year outcome of
the randomized IABP-SHOCK Il trial. Circulation 2019;139:395-403. https://doi.
org/10.1161/CIRCULATIONAHA.118.038201

6. Lang CN, Kaier K, Zotzmann V, Stachon P, Pottgiesser T, von Zur MC,
et al. Cardiogenic shock: Incidence, survival and mechanical circulatory sup-
port usage 2007-2017 — Insights from a national registry. Clin Res Cardiol
2021;110:1421-1430. https://doi.org/10.1007/s00392-020-01781-z

7. Ostadal P, Rokyta R, Karasek J, Kruger A, Vondrakova D, Janotka M, et al;
ECMO-CS Investigators. Extracorporeal membrane oxygenation in the therapy of
cardiogenic shock: Results of the ECMO-CS randomized clinical trial. Circulation
2023;147:454—464. https://doi.org/10.1161/CIRCULATIONAHA.122.062949

8. Suverein MM, Delnoij TSR, Lorusso R, Brandon Bravo Bruinsma GJ, Otter-
spoor L, Elzo Kraemer CV, et al. Early extracorporeal CPR for refractory
out-of-hospital cardiac arrest. N Engl | Med 2023;388:299—-309. https://doi.org/
10.1056/NEJM0a2204511

9. Belohlavek |, Smalcova J, Rob D, Franek O, Smid O, Pokorna M, et al. Effect
of intra-arrest transport, extracorporeal cardiopulmonary resuscitation, and
immediate invasive assessment and treatment on functional neurologic outcome

20.

21.

22.

23.

24.

25.

26.

in refractory out-of-hospital cardiac arrest: A randomized clinical trial. JAMA
2022;327:737-747. https://doi.org/10.1001/jama.2022.1025

. Ouweneel DM, Eriksen E, Sjauw KD, van Dongen IM, Hirsch A, Packer E,

et al. Percutaneous mechanical circulatory support versus intra-aortic balloon
pump in cardiogenic shock after acute myocardial infarction. | Am Coll Cardiol
2017;69:278-287. https://doi.org/10.1016/j.jacc.2016.10.022

. Karami M, Eriksen E, Ouweneel DM, Claessen BE, Vis MM, Baan }, et al.

Long-term 5-year outcome of the randomized IMPRESS in severe shock trial:
Percutaneous mechanical circulatory support vs. intra-aortic balloon pump in
cardiogenic shock after acute myocardial infarction. Eur Heart | Acute Cardiovasc
Care 2021;10:1009—-1015. https://doi.org/10.1093/ehjacc/zuab060

. Thiele H, Zeymer U, Akin I, Behnes M, Rassaf T, Mahabadi AA, et al;

ECLS-SHOCK Investigators. Extracorporeal life support in infarct-related car-
diogenic shock. N Engl | Med 2023;389:1286—1297. https://doi.org/10.1056/
NEJMo0a2307227

. Subramaniam AV, Barsness GW, Vallabhajosyula S, Vallabhajosyula S. Complica-

tions of temporary percutaneous mechanical circulatory support for cardiogenic
shock: An appraisal of contemporary literature. Cardiol Ther 2019;8:211-228.
https://doi.org/10.1007/s40119-019-00152-8

. Vetrovec GW, Lim MJ, Needham KA. Cost savings for pVAD compared to ECMO

in the management of acute myocardial infarction complicated by cardiogenic
shock: An episode-of-care analysis. Catheter Cardiovasc Interv 2021;98:703-710.
https://doi.org/10.1002/ccd.29181

. Lemor A, Hosseini Dehkordi SH, Basir MB, Villablanca PA, Jain T, Koenig GC,

et al. Impella versus extracorporeal membrane oxygenation for acute myocardial
infarction cardiogenic shock. Cardiovasc Revasc Med 2020;21:1465—1471. https:/
doi.org/10.1016/j.carrev.2020.05.042

. Ahmad S, Ahsan MJ, lkram S, Lateef N, Khan BA, Tabassum S, et al. Impella

versus extracorporeal membranous oxygenation (ECMO) for cardiogenic shock:
A systematic review and meta-analysis. Curr Probl Cardiol 2023;48:101427. https://
doi.org/10.1016/j.cpcardiol.2022.101427

. Batchelor R], Wheelahan A, Zheng WC, Stub D, Yang Y, Chan W. Impella

versus venoarterial extracorporeal membrane oxygenation for acute myocardial
infarction cardiogenic shock: A systematic review and meta-analysis. | Clin Med
2022;11:3955. https://doi.org/10.3390/jcm 11143955

. Abusnina W, Ismayl M, Al-Abdouh A, Ganesan V, Mostafa MR, Hallak O, et al.

Impella versus extra-corporeal membrane oxygenation support in cardiogenic
shock: A systematic review and meta-analysis. Shock 2022;58:349-357. https:/
doi.org/10.1097/SHK.0000000000001996

. Almarzooq ZI, Song Y, Dahabreh IJ, Kochar A, Ferro EG, Secemsky EA, et al.

Comparative effectiveness of percutaneous microaxial left ventricular assist
device vs intra-aortic balloon pump or no mechanical circulatory support in
patients with cardiogenic shock. JAMA Cardiol 2023;8:744—754. https://doi.org/
10.1001/jamacardio.2023.1643

Balthazar T, Vandenbriele C, Verbrugge FH, Den Uil C, Engstrom A, Janssens S,
et al. Managing patients with short-term mechanical circulatory support: JACC
review topic of the week. | Am Coll Cardiol 2021;77:1243—-1256. https://doi.org/
10.1016/j.jacc.2020.12.054

Jentzer )JC, van Diepen S, Barsness GW, Henry TD, Menon V, Rihal CS, et al.
Cardiogenic shock classification to predict mortality in the cardiac intensive care
unit. | Am Coll Cardiol 2019;74:2117-2128. https://doi.org/10.1016/j.jacc.2019.
07.077

Beer BN, Jentzer JC, Weimann ], Dabboura S, Yan |, Sundermeyer |, et al. Early
risk stratification in patients with cardiogenic shock irrespective of the underlying
cause — The Cardiogenic Shock Score. Eur | Heart Fail 2022;24:657—-667. https://
doi.org/10.1002/ejhf.2449

Peters EJ, ten Berg S, Bogerd M, Timmermans MJC, Kraaijeveld AO, Bunge
JJH, et al; Participating Centers of the PCl Registration Committee of the
Netherlands Heart Registration. Characteristics, treatment strategies and out-
come in cardiogenic shock complicating acute myocardial infarction: A con-
temporary Dutch cohort. | Clin Med 2023;12:5221. https://doi.org/10.3390/
jem12165221

Lauridsen MD, Josiassen ], Schmidt M, Butt JH, Ostergaard L, Schou M, et al.
Prognosis of myocardial infarction-related cardiogenic shock according to pread-
mission out-of-hospital cardiac arrest. Resuscitation 2021;162:135—142. https://
doi.org/10.1016/j.resuscitation.2021.02.034

Ostenfeld S, Lindholm MG, Kjaergaard |, Bro-Jeppesen ], Moller JE, Wanscher M,
et al. Prognostic implication of out-of-hospital cardiac arrest in patients with
cardiogenic shock and acute myocardial infarction. Resuscitation 2015;87:57-62.
https://doi.org/10.1016/j.resuscitation.2014.11.010

Helgestad OKL, Josiassen ], Hassager C, Jensen LO, Holmvang L, Sorensen A,
et al. Temporal trends in incidence and patient characteristics in cardiogenic shock
following acute myocardial infarction from 2010 to 2017: A Danish cohort study.
Eur | Heart Fail 2019;21:1370—1378. https://doi.org/10.1002/ejhf.1566

© 2023 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.

85U8017 SUOLLLIOD BA TR0 3(edl|dde ayy Aq peuseno aJe ssjpiie YO ‘8sn JO Sa|n 1oy AriqiT8uljuO A3|IA UO (SUONIPUOD-PUR-SLLIBIALIOD"AB| 1M AeIq 1 Bu1 [UO//SANY) SUORIPUOD pUe SWB | 8L 88S *[€202/2T/ST] Uo AriqiaulluO A8]IM ‘IersieAun-sBImpn1-1eq 1y Aq GZ0E JUB/200T 0T/10p/u00 A8 1M Afeid 1 |pul|uo//:sdny woly pepeojumod ‘TT ‘€202 ‘#806.8T


https://doi.org/10.1002/ehf2.13202
https://doi.org/10.1002/ehf2.13202
https://doi.org/10.1007/s00392-017-1182-2
https://doi.org/10.1007/s00392-017-1182-2
https://doi.org/10.1056/NEJM199908263410901
https://doi.org/10.1056/NEJM199908263410901
https://doi.org/10.1056/NEJMoa1710261
https://doi.org/10.1056/NEJMoa1710261
https://doi.org/10.1161/CIRCULATIONAHA.118.038201
https://doi.org/10.1161/CIRCULATIONAHA.118.038201
https://doi.org/10.1007/s00392-020-01781-z
https://doi.org/10.1161/CIRCULATIONAHA.122.062949
https://doi.org/10.1056/NEJMoa2204511
https://doi.org/10.1056/NEJMoa2204511
https://doi.org/10.1001/jama.2022.1025
https://doi.org/10.1016/j.jacc.2016.10.022
https://doi.org/10.1093/ehjacc/zuab060
https://doi.org/10.1056/NEJMoa2307227
https://doi.org/10.1056/NEJMoa2307227
https://doi.org/10.1007/s40119-019-00152-8
https://doi.org/10.1002/ccd.29181
https://doi.org/10.1016/j.carrev.2020.05.042
https://doi.org/10.1016/j.carrev.2020.05.042
https://doi.org/10.1016/j.cpcardiol.2022.101427
https://doi.org/10.1016/j.cpcardiol.2022.101427
https://doi.org/10.3390/jcm11143955
https://doi.org/10.1097/SHK.0000000000001996
https://doi.org/10.1097/SHK.0000000000001996
https://doi.org/10.1001/jamacardio.2023.1643
https://doi.org/10.1001/jamacardio.2023.1643
https://doi.org/10.1016/j.jacc.2020.12.054
https://doi.org/10.1016/j.jacc.2020.12.054
https://doi.org/10.1016/j.jacc.2019.07.077
https://doi.org/10.1016/j.jacc.2019.07.077
https://doi.org/10.1002/ejhf.2449
https://doi.org/10.1002/ejhf.2449
https://doi.org/10.3390/jcm12165221
https://doi.org/10.3390/jcm12165221
https://doi.org/10.1016/j.resuscitation.2021.02.034
https://doi.org/10.1016/j.resuscitation.2021.02.034
https://doi.org/10.1016/j.resuscitation.2014.11.010
https://doi.org/10.1002/ejhf.1566

Impella and VA-ECMO in AMICS

2031

27.

28.

29.

30.

31

Freund A, Poss |, de Waha-Thiele S, Meyer-Saraei R, Fuernau G, Eitel |, et al.
Comparison of risk prediction models in infarct-related cardiogenic shock. Eur
Heart | Acute Cardiovasc Care 2021;10:890—897. https://doi.org/10.1093/ehjacc/
zuab054

Velders MA, van Boven N, Boden H, van der Hoeven BL, Heestermans
AA, Jukema JW, et al. Association between angiographic culprit lesion and
out-of-hospital cardiac arrest in ST-elevation myocardial infarction patients.
Resuscitation 2013;84:1530—1535. https://doi.org/10.1016/j.resuscitation.2013.
07.016

Lemor A, Dabbagh MF, Cohen D, Villablanca P, Tehrani B, Alaswad K, et al. Rates
and impact of vascular complications in mechanical circulatory support. Catheter
Cardiovasc Interv 2022;99:1702—1711. https://doi.org/10.1002/ccd.30150
Karami M, den Uil CA, Ouweneel DM, Scholte NT, Engstrom AE, Akin S,
et al. Mechanical circulatory support in cardiogenic shock from acute myocardial
infarction: Impella CP/5.0 versus ECMO. Eur Heart | Acute Cardiovasc Care
2020;9:164—172. https://doi.org/10.1177/2048872619865891

Vojjini R, Patlolla SH, Cheungpasitporn W, Kumar A, Sundaragiri PR, Doshi RP,
et al. Racial disparities in the utilization and outcomes of temporary mechanical

32

33.

34.

35.

circulatory support for acute myocardial infarction-cardiogenic shock. J Clin Med
2021;10:1459. https://doi.org/10.3390/jcm 10071459

Maini B, Gregory D, Scotti DJ, Buyantseva L. Percutaneous cardiac assist devices
compared with surgical hemodynamic support alternatives: Cost-effectiveness in
the emergent setting. Catheter Cardiovasc Interv 2014;83:E183—-E192. https://doi.
org/10.1002/ccd.25247

Carr BG, Kaye AJ, Wiebe D}, Gracias VH, Schwab CW, Reilly PM. Emer-
gency department length of stay: A major risk factor for pneumonia in intu-
bated blunt trauma patients. | Trauma 2007;63:9—12. https://doi.org/10.1097/TA.
0b013e31805d8f6b

Udesen NJ, Mgller JE, Lindholm MG, Eiskjeer H, Schifer A, Werner N, et al;; Dan-
Ger Shock Investigators. Rationale and design of DanGer Shock: Danish-German
cardiogenic shock trial. Am Heart | 2019;214:60—68. https://doi.org/10.1016/j.
ahj.2019.04.019

Pahuja M, Johnson A, Kabir R, Bhogal S, Wermers JP, Bernardo NL, et al. Random-
ized trials of percutaneous microaxial flow pump devices: JACC state-of-the-art
review. | Am Coll Cardiol 2022;80:2028—-2049. https://doi.org/10.1016/j.jacc.2022.
08.807

© 2023 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.

85U8017 SUOLLLIOD BA TR0 3(edl|dde ayy Aq peuseno aJe ssjpiie YO ‘8sn JO Sa|n 1oy AriqiT8uljuO A3|IA UO (SUONIPUOD-PUR-SLLIBIALIOD"AB| 1M AeIq 1 Bu1 [UO//SANY) SUORIPUOD pUe SWB | 8L 88S *[€202/2T/ST] Uo AriqiaulluO A8]IM ‘IersieAun-sBImpn1-1eq 1y Aq GZ0E JUB/200T 0T/10p/u00 A8 1M Afeid 1 |pul|uo//:sdny woly pepeojumod ‘TT ‘€202 ‘#806.8T


https://doi.org/10.1093/ehjacc/zuab054
https://doi.org/10.1093/ehjacc/zuab054
https://doi.org/10.1016/j.resuscitation.2013.07.016
https://doi.org/10.1016/j.resuscitation.2013.07.016
https://doi.org/10.1002/ccd.30150
https://doi.org/10.1177/2048872619865891
https://doi.org/10.3390/jcm10071459
https://doi.org/10.1002/ccd.25247
https://doi.org/10.1002/ccd.25247
https://doi.org/10.1097/TA.0b013e31805d8f6b
https://doi.org/10.1097/TA.0b013e31805d8f6b
https://doi.org/10.1016/j.ahj.2019.04.019
https://doi.org/10.1016/j.ahj.2019.04.019
https://doi.org/10.1016/j.jacc.2022.08.807
https://doi.org/10.1016/j.jacc.2022.08.807

	Impella and venoarterial extracorporeal membrane oxygenation in cardiogenic shock complicating acute myocardial infarction
	Introduction
	Methods
	Data source and cohort identification
	Data extraction
	Statistical analysis
	Length of stay evaluation
	Cost calculation
	Results
	General
	Baseline and cardiogenic shock characteristics
	Hospital stay
	Mortality and discharge destination
	Length of stay
	Costs
	Discussion
	Limitations
	Conclusion
	Supplementary Information
	References

