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Methods
and results

Conclusion

Mortality from cardiogenic shock complicating acute myocardial infarction (AMI-CS) remains high, despite the increasing
mechanical circulatory support (MCS) use in clinical practice.

We undertook a systematic review and meta-analysis of trials assessing MCS in adults with AMI-CS. We searched Medline,
EMBASE, CENTRAL, Web of Science, and Scopus from inception to May 2024. We evaluated the effect of each intervention
on early mortality using a random-effects network meta-analysis of odds ratios (ORs). Safety outcomes included stroke,
bleeding, and sepsis. Fourteen trials randomizing 1858 patients were included: intra-aortic balloon pump (IABP) vs. medical
therapy (four trials, n = 748 patients), veno-arterial extra-corporeal membrane oxygenation (VA-ECMO) vs. No VA-ECMO
(four trials, n = 568 patients), percutaneous ventricular assist device (pVAD) vs. No pVAD (six trials, n = 542 patients). No
MCS device showed a significant effect on early mortality vs. initial medical therapy {IABP (OR 0.87, 95% Cl 0.66—1.15), VA-
ECMO (OR 0.91, 95% CI 0.65-1.27), pVAD (OR 0.80, 95% Cl 0.56—1.14), and P (inconsistency) = 0.76}. VA-ECMO and
pVAD were associated with increased major bleeding [OR 2.81 (95% Cl 1.68—4.71) and OR 5.13 (95% Cl 1.87-14.04), re-
spectively]. Higher rates of stroke and sepsis were noted with pVAD. No significant safety concerns were identified with
IABP.

The mortality benefit of MCS devices in AMI-CS remains uncertain. Using such devices may be associated with increased
risks, including major bleeding, stroke, and sepsis. Current evidence does not support the routine use of MCS devices in
the management of AMI-CS.
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Graphical Abstract

Mechanical Circulatory Support in Infarct-
Related Cardiogenic Shock: A Meta-Analysis

Methods

Systematic review and meta-analysis of 14 RCTs with a
total of 1858 patients
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Conclusion
No proven mortality benefit and significant safety risks.
Routine use of these devices remains unjustified in infarct-
related shock

Mechanical circulatory support in infarct-related shock. IABP, intra-aortic balloon pump; VA-ECMO, veno-arterial extra-corporeal membrane oxygenation;
pVAD, percutaneous ventricular assist device; OR, odds ratio; RCT, randomized controlled trial.

Keywords Cardiogenic shock ® Mechanical circulatory support ® Veno-arterial extra-corporeal membrane oxygenation
Percutaneous ventricular assist device ® Intra-aortic balloon pump ® Myocardial infarction
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Mechanical support in infarct-related shock

Introduction

Cardiogenic shock is a potentially catastrophic complication of acute
myocardial infarction (AMI) and occurs in up to 10% of cases.! Early
mortality for those who develop AMl-related cardiogenic shock
(AMI-CS) remains significant despite overall improvements in
AMl-related mortality.” In recent decades, a number of temporary
mechanical circulatory support (MCS) devices have been developed
in an attempt to improve the prognosis of patients with AMI-CS.?
These include intra-aortic balloon pumps (IABP), veno-arterial extra-
corporeal membrane oxygenation (VA-ECMO), and percutaneous
ventricular assist devices (pVAD). However, their efficacy in AMI-CS
remains controversial, along with considerable economic implications
and potential device-related risks, i.e. vascular damage, bleeding, cere-
brovascular accidents, and limb ischaemia.”

Positive efficacy data for MCS use in AMI-CS is mainly derived from
observational studies3'4; however, these observational studies were
likely under-powered and most pre-date the era of routine early revas-
cularization in AMI-CS, i.e. the only intervention shown to improve
mortality in these patients.” Despite this limited evidence base and a
Class Ilb recommendation for their use in AMI-CS in contemporary
guidelines,® clinical use of MCS devices in this setting has increased ex-
ponentially over the past decade in Western countries.” IABPs are the
most popular device, used in up to 40% of AMI-CS cases in the USA.”
Randomized controlled trials have shown no 30-day mortality benefit
for MCS devices in AMI-CS; however, no single trial was sufficiently
powered to detect a treatment effect.®"?

The last network meta-analysis of temporary MCS in AMI-CS found
no in-hospital or 30-day mortality benefit over medical therapy with
any device, either singularly or in combination." That analysis may
have been biased by a non-systematic search strategy and investigators
did not report on safety outcomes, which are relevant to the consider-
able device-related risks associated with MCS devices.? Furthermore,
two landmark trials have since been published, representing the largest
trials investigating pVAD and VA-ECMO in AMI-CS to date.">'® The
DanGer Shock investigators enrolled 355 patients and found a statistic-
ally significant 180-day mortality benefit with pVAD use compared to
standard care [hazard ratio 0.74, 95% confidence interval (Cl) 0.55—
0.99, P=0.04]."> By contrast, ECLS-Shock randomized 417 patients
with AMI-CS planned for early revascularization and reported no
30-day mortality benefit with VA-ECMO compared to standard care
(relative risk 0.98; 95% Cl 0.80-1.19, P=0.81)."

The primary aim of this study is to determine whether temporary
MCS improves early mortality in adults with AMI-CS. The objective
of this study was to complete an updated systematic review and net-
work meta-analysis, providing a contemporary comparative assessment
of the evidence from randomized trials on different MCS devices. As
such, this study might highlight which, if any, MCS devices warrant pri-
oritization for future trials.

Methods

This systematic review and meta-analysis was reported according to
the preferred reporting items for systematic reviews and meta-analyses
(PRISMA) guidelines (see Supplementary material online, Table $1)."
The study was prospectively registered on the PROSPERQ internation-
al register of systematic reviews (Study ID: CRD42024546141).
Patients and Public were not involved in any aspect of this work.

Eligibility criteria and search strategy

Eligible studies were randomized-controlled trials investigating the use
of temporary MCS in adults with infarct-related cardiogenic shock
planned for early revascularization (primary percutaneous coronary
intervention (PCl) or coronary artery bypass grafting). Trials with

heterogeneous control arms were included due to the lack of an ac-
cepted universal standard of care and common use of MCS devices
in clinical practice.

The search strategy was developed using the ‘PICOS’ framework
outlined in Supplementary material online, Table S2. Search concepts
and key words were identified using a combination of key paper screen-
ing and a review of search strategies from previous reviews.

The following databases were searched from inception to 20 May
2024 (search strategies available in appendix): Medline, EMBASE,
CENTRAL, Web of Science, and Scopus. A grey literature search of
key trial registries (ClinicalTrials.gov, ISRCTN) was performed to sup-
plement the bibliographic database search.

Selection of studies and data extraction

Identified articles were de-duplicated using Systematic Review
Accelerator, before title and abstract screening using the same soft-
ware. Full-text screening of remaining articles was completed using
Endnote version 20.5. Articles not in English and those without full-text
availability were excluded.

Data were extracted from selected articles using a pre-designed data
extraction sheet. Two independent reviewers conducted screening,
with discordances resolved by a third independent third reviewer. A
single reviewer conducted all risk-of-bias assessments and data
extraction.

Outcomes

The primary outcome for was all-cause early mortality (30-day or in-
hospital mortality). A pre-specified secondary efficacy outcome of
late (1 year) all-cause mortality was also planned depending on availabil-
ity of data.

Pre-specified safety outcomes included the following (defined as per
author’s definitions): Initiation of urgent renal replacement therapy,
acute limb ischaemia, stroke, length of hospital stay, major bleeding,
and major vascular complications.

Odds ratios (OR) were used as the effect measure for each out-
come, with unadjusted OR'’s estimated from trials based on the total
number of events and participants in each arm. No missing data was im-
puted for any analysis. The number needed to treat or number needed
to harm (NNH) was calculated for any statistically significant results. All
statistical analysis was completed using Stata Version 18.2 or later.

Quality assessment

A risk-of-bias assessment for the primary outcome of early mortality
was completed for all individual studies using the Cochrane risk-of-bias
2 tool."® Additionally, the Critical Appraisal Skills Programme checklist
for randomized trials was used to guide appraisal of individual studies."

Meta-analysis

Included trials were sub-categorized into one of three possible compar-
isons based on intervention arm: IABP vs. medical therapy; VA-ECMO
vs. No VA-ECMO; and pVAD vs. No pVAD.

Pairwise meta-analyses were performed using inverse-variance
random-effects models (restricted maximum likelihood estimator of
Tau?) for each comparison to estimate an overall treatment effect
for each individual intervention, with results displayed using forest plots.
Inconsistency between trials for each direct comparison was assessed
using the 12 statistic, and Cochran’s Q test and visual inspection of forest
plots were used to assess heterogeneity. For the pairwise meta-analysis,
a trial-level subgroup analysis by region (Europe vs. non-European) was
planned, along with two sensitivity analyses: (i) using relative risk as an
effect measure instead of OR, and (ii) excluding studies at high risk of
bias for early mortality. In addition, we performed the following post-
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Figure 1 PRISMA flow diagram."” Total of 11 articles was excluded after full-text screening; four lacked an early coronary revascularization strategy,

one did not include patients with infarct-related shock, while six were not randomized-controlled trials.

hoc analyses to address clinical heterogeneity between the included
trials: trial-level subgroup analyses (i) Single-centre/multi-centre trials,
and (i) Impella devices vs. TandemHeart for the pVAD vs. No pVAD
comparison, and sensitivity analyses (i) limited to studies at low risk
of bias for early mortality, (ii) excluding studies with >15% cross-over
rate, and (iii) limited to studies with 0% cross-over rate.

A network meta-analysis of ORs was used to estimate the effect of
each intervention on early mortality, using a frequentist arm-based ap-
proach that implemented random-effects multivariate meta-analysis
models that assumed consistency between direct and indirect evi-
dence.?® This assumption was tested using a design-by-treatment inter-
action model.*® We calculated borrowing of strength statistics using
the score decomposition method'® to demonstrate the weight of in-
formation for each network OR that is due to indirect evidence.
Trials that assessed combinations of interventions (e.g. pVAD and
IABP) were excluded from the primary network but included in sensi-
tivity analyses as a separate node. This was fitted using the network
suite of packages in Stata.

Patients and public involvement
Patients were not involved in any aspect of this work.

Results

Search results

The search strategy for this study is summarized in a PRISMA flow dia-
gram (Figure 1). A total of 2422 articles were screened from five data-
bases. Following de-duplication and title/abstract screening, 26 articles
underwent full-text screening. No full-text was available for one small
IABP trial published in 1969, which randomized 29 patients.'® Of those

remaining (n = 25), 14 trials, which randomized a total of 1858 patients
were deemed eligible for inclusion.*®13131621-25 The grey literature
search yielded two unpublished trials; however, a full-text report was
unavailable for both.

Study characteristics

Important study characteristics are summarized in Table 1. Most trials
were conducted in Europe (71%) and the majority (57%) were multi-
centre trials. Trials were sub-categorized based on intervention group:
IABP (n =4 trials); VA-ECMO (n =4 trials); and, pVAD (n =6 trials).
From the pVAD studies, 74% of patients randomized to intervention
across the trials received an Impella CP device. Alternative micro-axial
flow pumps such as Impella 2.5 (13%), Impella 5.0 (2%), and
TandemHeart (8%) were used as the primary device in remaining cases.
The combined sample sizes were 748, 568, and 542 patients for |IABP,
VA-ECMO, and pVAD trials, respectively. Studies were published
between 1993 and 2024. All trials were open-label, had 1:1
parallel randomization, and used an intention-to-treat or modified
intention-to-treat primary analysis set. In-hospital mortality was re-
ported in three trials,>*"** while the remaining reported 30-day mor-
tality data. Cross-over from control to intervention therapies was
particularly high in ECMO-CS (39%), which permitted cross-over if
there was a serum lactate rise >3 mmol/L within a 24-h period.”
Definitions of cardiogenic shock were similar across trials; apart
from, IMPRESS'" which incorporated a requirement for mechanical
ventilation, and Il"IPELLA-STIC,12 which incorporated IABP use. A total
of five (36%) trials were deemed to have a high overall risk of bias for
the primary outcome of early mortality, while only two (14%) were
deemed to be of low overall risk. Bias was mostly attributable to the
randomization process or deviations from the intended intervention
(see Supplementary material online, Table S3).
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Mechanical support in infarct-related shock 7

Relevant baseline characteristics in the control and intervention arms of
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Mechanical support in infarct-related shock

Early Mortality

Odds Ratio

(95% Cl) % Weight

1.17 (0.32, 4.25) 5.2

0.28 (0.07,1.08) 4.8

0.87 (0.32,2.42) 84
0.94 (0.67,1.30) 81.6
0.89 (0.66,1.19) 100

G

-4 - 0.45(0.12,1.72) 6.1
- 0.47 (0.11,1.94) 55
' 1.24 (0.50,3.11) 132
0.95 (0.65, 1.40) 75.2

-
——
<P

0.91 (0.65,1.27) 100

> 7.22(0.28, 189.19) 1.1

1.00 (0.21,4.67) 4.9

0.92 (0.27,3.15) 7.7

Comparison Treatment Control
and Trial n/N n/N
IABP vs Medical Therapy

IABP-SHOCK 7/23 6/22
Waksman 1993 13/24 17/21 < g
DIASTASIS 16/30 17/30
IABP-SHOCK Il 119/300 123/298
Overall 155/377 163/371
(P =3.2%, p = 0.377)

ECMO vs No ECMO

EURO SHOCK mz 1118
ECLS-SHOCK | 4/21 7/21
ECMO-CS 18/37 16/37
ECLS-SHOCK 100/209 102/208
Overall 129/284 136/284
(P = 0.0%, p = 0.493)

pVAD vs No pVAD

IMPELLA-STIC 2/6 0/6
ISAR SHOCK 6/13 6/13
Thiele 2005 9/21 9/20
IMPRESS 11/24 12/24

El Azim Habba 2022 14/30 13/30
DanGER SHOCK 721179 82/176
Overall 114/273 122/269

(P =0.0%, p = 0.815)

0.85(0.27,2.63) 9.1
- 1.14(0.41,317) 11.3
0.77 (0.51,1.17) 66
0.86 (0.61,1.20) 100

|
25

Favours Intervention

| | |
5 1 2 4

Favours Control

Figure 2 Early mortality (odds ratio). IABP, intra-aortic balloon pump; ECMO, extra-corporeal membrane oxygenation; pVAD, percutaneous ven-

tricular assist device; Cl, confidence interval.

95% Cl1 1.68-4.71, P < 0.001) and pVAD (OR 5.13, 95% CI 1.87-14.04,
P =0.001). There was moderate statistical heterogeneity in the latter
analysis (*=50.0%, P=0.092), which may be due to greater
odds of bleeding for TandemHeart compared to Impella devices,
although there was still strong statistical evidence of increased
bleeding with Impella devices (see Supplementary material online,
Table S5). The NNH was seven and six for VA-ECMO and pVAD,
respectively.

Rates of urgent dialysis (three trials, OR 1.82, 95% Cl 1.23-2.68, P =
0.003, NNH 7) and acute limb ischaemia (two trials, OR 6.97, 95% ClI

1.79-27.12, P=0.005, NNH 13) were both significantly increased with
pVAD (see Supplementary material online, Figures ST and S2). There
was no evidence of statistical heterogeneity for either meta-analysis.
Data for these outcomes was available for 85% and 73% of the overall
pVAD sample, respectively.

Limited IABP and VA-ECMO trials reported data on urgent renal re-
placement therapy (n = 3), limb ischaemia (n = 2), and average duration
of hospital stay (n = 3). Furthermore, few trials (n =5) reported data
on major vascular complications, and there was significant heterogen-
eity in the definitions for those that did.
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A Initial Medical Therapy
ECMO IABP
B : ;
Net Odds Ratio Borrowing of
(95% CI) p-value strength
IABP vs Initial Medical Therapy —_—— 0.87 (0.66, 1.15) 0.33 14%
ECMO vs Initial Medical Therapy —_— 0.91(0.65, 1.27) 0.57 0%
pVAD vs Initial Medical Therapy —_— 0.80 (0.56, 1.14) 0.22 1%
ECMO vs IABP e 1.04 (0.68, 1.60) 0.68 100%
pVAD vs IABP _— 0.91(0.62, 1.35) 0.65 57%
pVAD vs ECMO 0.88 (0.54, 1.43) 0.61 100%
T T
5 1 2

Favours first
named intervention

Favours second
named intervention

Figure 3 Network meta-analysis. Network map (A). Width of edges is proportional to the number of events in the comparison. Size of node is pro-
portional to the number of trials that includes that intervention. Network meta-analysis forest plot (B). Each device compared to Initial Medical Therapy
or alternative device with respect to effect on early mortality. IABP, intra-aortic balloon pump; ECMO, extra-corporeal membrane oxygenation; pVAD,

percutaneous ventricular assist device; Cl, confidence interval.

Discussion

Our study found no significant early mortality benefit with any tem-
porary MCS device compared to initial medical therapy and/or alter-
native MCS devices in adults with infarct-related cardiogenic shock
planned for early revascularization. While a trend towards a modest,
albeit statistically insignificant, treatment effect of MCS compared to
initial medical therapy was observed for each device, the majority of
trials conducted to date have been small and insufficiently powered
to detect this effect. Furthermore, we observed an association of in-
creased major safety events with MCS, particularly VA-ECMO and
pVAD.

A recent individual participant data (IPD) meta-analysis of nine ran-
domized trials (n=1059) assessing VA-ECMO and pVAD in an
AMI-CS population showed a similar trend towards modest benefit
of early unselected MCS use compared to control on 6-month mortal-
ity (HR 0.87 [95% Cl 0.74-1.03], P=0.10).*’ This IPD meta-analysis
identified a clear benefit of MCS devices for those patients with
ST-elevation myocardial infarction and low risk of hypoxic brain injury,

concluding that ‘MCS should only be reserved for selected patients’. In
our meta-analysis based on summary data, we did not have access to
sufficient granularity from published trial reports to confirm or dispute
this finding. However, our network meta-analysis, which borrows
strength across comparisons to increase precision and has similarities
to their main comparison of MCS devices vs. control, found similarly
that there was no evidence that MCS devices provided a substantial
treatment benefit on mortality on average. Similarities and differences
between our study and the IPD meta-analysis by Thiele et al? is pro-
vided in Supplementary material online, Table S8.

Reporting of safety data were limited, which may due to numerous
reasons. Safety outcomes were not pre-defined endpoints in many
trials; particularly, the IABP trials where only IABP-SHOCK Il appeared
to have pre-specified safety endpoints.® Secondly, the lack of a standar-
dized endpoint framework for MCS trials may explain the heterogen-
eity in reporting of safety outcomes. This is highlighted by
heterogeneity in definitions of major bleeding used across the trials
(see Supplementary material online, Table S4). Nevertheless, a signal
of potential harm was identified for pVAD devices, which were

Gz0z Jequisldas zo uo 1sanb Aq 9¢v/ 1 Z8/ 1 601e80/1/S/81o1ue/uadolys/woo dno olwapeose//:sdiy Woll papeojumo(]


http://academic.oup.com/ehjopen/article-lookup/doi/10.1093/ehjopen/oeaf091#supplementary-data
http://academic.oup.com/ehjopen/article-lookup/doi/10.1093/ehjopen/oeaf091#supplementary-data

Mechanical support in infarct-related shock
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Sepsis

Comparison Treatment Control

and Trial n/N n/N

IABP vs Medical Therapy

QOdds Ratio

(95% CI) % Weight

4
v

3.00 (0.68, 13.28)26.3
0.72 (0.47,1.10) 73.7
1.22 (0.32, 4.70) 100

: 0.50 (0.04, 6.08) 10.9
1

o 1.50 (0.43, 5.25) 31.2
0.99 (0.53, 1.88) 57.9
1.04 (0.60, 1.81) 100

Waksman 1993 8/24 3/21
IABP-SHOCK I 47/300 61/298
Overall 55/324 64/319
(1> = 69.3%, p =0.071)

ECMO vs No ECMO

EURO SHOCK 117 2/18 <
ECLS-SHOCK | 9/21 7/21
ECLS-SHOCK 21/209 21/208
Overall 31/247 30/247
(I?=0.0%, p=0.713)

pVAD vs No pVAD

IMPELLA-STIC 5/6 3/6

El Azim Habba 2022 20/30 13/30
DanGER SHOCK 211179 8/176
Overall 46/215 24/212

(2= 0.0%, p = 0.907)

: +—> 500 (0.34, 72.77)10.1
-4 2,62 (0.92, 7.46) 40.2
- 279 (1.20, 6.48) 49.6
2.82 (1.49, 5.33) 100

I
5

Favours Intervention

1 2 4 8

Favours Control

Figure 4 Sepsis. |ABP, intra-aortic balloon pump; ECMO, extra-corporeal membrane oxygenation; pVAD, percutaneous ventricular assist device; Cl,

confidence interval.

associated with significantly increased sepsis, major bleeding, dialysis,
and limb ischaemia rates with a trend towards higher stroke rates.
VA-ECMO was also associated with significantly more major bleeding.
A similar hazard of increased major bleeding and vascular complications
were reported with pVAD and VA-ECMO use compared to control in
the recent IPD analysis.?’

Differences in device characteristics may explain differences in
safety hazards between IABP and other MCS.% IABP insertion does
not require large-bore cannulation unlike Impella and VA-ECMO,
the latter requiring both arterial and venous access. This is likely to
reduce the risk of sepsis, major bleeding and vascular complications
with IABP’s. VA-ECMO introduces retrograde non-pulsatile aortic
flow, which may be pro-thrombotic and increase the risk of vascular
complications, stroke and limb ischaemia. Similarly, micro-axial flow
pumps are associated with higher shear stress than counter-pulsation
which may lead to haemolysis and thrombosis. Routine use of
anti-coagulation with pVAD’s and VA-ECMO, unlike IABP, is also like-
ly to confer a higher risk of stroke and bleeding. Finally, site and oper-
ator experience may play a role in improved safety with IABP’s, which

are more established and more frequently used in clinical practice
than other MCS.” The influence of device familiarity on outcomes
in MCS trials is highlighted by the DanGer shock trial,'® where signifi-
cant heterogeneity was noted in the treatment effect based on the
country of enrolment.

Overall, device-related complications may counterbalance any po-
tential mortality benefit with MCS. Conversely, the observation of in-
creased safety events in MCS arms could be a consequence of
potential survival bias secondary to a mortality benefit with MCS.
Increasing operator experience, device innovation and judicious patient
selection may improve the safety of MCS in clinical practice.

Intra-aortic balloon pump

These devices are the most popular temporary MCS devices in clinical
practice for infarct-related shock, i.e. used in up to 40% of such cases in
the Western world.” The available clinical trial data does not support
their frequent use in this setting as no trial met its primary endpoint.
The majority of trials were small and even the larger and robustly
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Comparison Treatment Control Odds Ratio
and Trial n/N n/N (95% ClI) % Weight
IABP vs Medical Therapy
IABP-SHOCK II 2/300 5/298 < . - 0.39 (0.08,2.04) 100
VA-ECMO vs No VA-ECMO :
EURO SHOCK o017 218 € * 4 0.19(0.01,4.23) 95
ECLS-SHOCK | 1721 1/21 < : > 1.00(0.06,17.12) 11.4
ECLS-SHOCK 8/209 6/208 —t 1.34(0.46,3.93) 79.2
Overall 9/247 9/247 <> 1.08 (0.41, 2.80) 100
(¥ = 0.0%, p = 0.505)
pVAD vs No pVAD
IMPRESS 1/24 1/24 < - > 1.00 (0.06, 16.97) 9.9
El Azim Habba 2022 9/30 3/30 4———#> 2386(0.93,16.05) 39
DanGER SHOCK 71179 41176 - > 1.75 (0.50, 6.09) 51
Overall 17/233 8/230 -<> 2.25(0.92,5.49) 100

(¥ = 0.0%, p = 0.600)

Favours Intervention

I I T
S5 1 2 4

Favours Control

Figure 5 Stroke.|ABP, intra-aortic balloon pump; ECMO, extra-corporeal membrane oxygenation; pVAD, percutaneous ventricular assist device; Cl,

confidence interval.

designed IABP-SHOCK Il trial’® reported 15% lower than expected
mortality in its control arm, suggesting no trial was adequately powered
to assess early mortality. There were a notably high proportion of pa-
tients in the control arm in IABP-SHOCK Il who received IABP or an-
other form of MCS which may have diluted any treatment effect,
highlighting the challenges of conducting such trials.

Nevertheless, surrogate efficacy outcomes were similarly unsup-
portive of IABP efficacy. Trends in markers of end-organ dysfunction
(lactate) and systemic inflammation (C-reactive protein) were similar
between arms in IABP-SHOCK |I. Similarly, there was no reduction
in inotrope requirement or markers of congestion such as pulmonary
capillary wedge pressure in IABP SHOCK I," or improvements in inva-
sively measured haemodynamics such as cardiac output and systemic
vascular resistance in the DIASTASIS study.> The latter trial is likely
at high risk-of-bias in assessing early mortality due to a lack of allocation
concealment. Similarly, interpretation of Waksman et al.? is limited by a
flawed randomization process without allocation concealment and
probable selection bias highlighted by an unusually high mortality rate
(81%) in the control group. The overall rate of percutaneous revascu-
larization was also low (38%) and heavily skewed in favour of the IABP
arm (16:1), which is likely to have confounded results due to its proven
efficacy in this setting.

There was limited reporting of safety data in the IABP trials preclud-
ing meta-analyses or a descriptive comparison of pre-defined

outcomes; however, the IABP-SHOCK |l trial did not find any signal
of increased sepsis, stroke, major bleeding, or vascular complications
with IABP use compared to medical therapy. Despite similar definitions
for cardiogenic shock (Table 1), mortality in the control arm was highly
variable between trials (Figure 2), suggesting some clinical heterogen-
eity, which may limit interpretation of the results of this pairwise
meta-analysis. Nevertheless, more randomized trial evidence is re-
quired to support the ongoing frequent use of IABP in AMI-CS in clinical
practice. Two large Chinese trials are ongoing,”®*’ with the former en-
rolling patients in the earlier stages of shock (SCAI-B). The recruitment
target for these trials is 512 and 280 patients, respectively. Only one
small unpublished IABP trial was identified.*® This trial was terminated
pre-maturely due to insufficient recruitment (34 patients enrolled).

Veno-arterial extra-corporeal membrane
oxygenation

Similar to IABP, VA-ECMO has not demonstrated a signal of clinical or
haemodynamic efficacy in AMI-CS trials to date, with no trial meeting its
primary endpoint. ECLS-SHOCK | reported a numerically lower 30-day
mortality with VA-ECMO; however, this was a small single-centre study
with prognostically relevant imbalances in baseline characteristics, e.g.
age and multi-vessel disease, favouring the intervention arm® The
EURO-SHOCK investigators reported a similar trend towards reduced
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Major Bleeding

Comparison Treatment  Control Odds Ratio
and Trial n/N n/N (95% ClI) % Weight
IABP vs Medical Therapy
IABP-SHOCK II 10/300 13/298 2 €—# 0.76 (0.33, 1.75) 100
VA-ECMO vs No VA-ECMO |
EURO SHOCK 517 118 4> 7.08(0.73, 68.61) 17.4
ECLS-SHOCK | a1 3/21 < - - 1.41 (0.27, 7.26) 26.9
ECLS-SHOCK 49/209 20/208 —_—— 2.88 (1.64, 5.05) 55.7
Overall 58/247 24/247 <> 2.81 (1.68, 4.71) 100
(P = 0.0%, p = 0.516)
pVAD vs No pVAD
IMPELLA-STIC 5/6 0/6 A > 47.67 (1.60, 1422.69) 6.9
Thiele 2005 19/21 8/20 ——————> 14.25(258,78.77)  19.1
IMPRESS 8/24 2/24 ¢ > 5.50 (1.03, 29.45) 19.8
El Azim Habba 2022 4/30 1/30 < +— > 4.46 (0.47, 42.51) 13.2
DanGER SHOCK 39/179 211176 —_—— : 2,06 (1.15, 3.66) 41.3
Overall 75/260 32/256 —C 513(1.87,1404) 100
(I = 50.0%, p = 0.092)

T T T T

5 1 2 4 8

Favours Intervention

Favours Control

Figure 6 Major bleeding. IABP, intra-aortic balloon pump; ECMO, extra-corporeal membrane oxygenation; pVAD, percutaneous ventricular assist

device; Cl, confidence interval.

mortality with VA-ECMO; however, they recruited a highly selected
cohort who had persistent signs of shock after PCl and did not have
prolonged CPR.?* Despite being under-powered due to the impact
of the COVID-19 pandemic, the high-screen failure rate (87%) in this
trial limits the generalizability of any potential treatment effect to clinical
practice.

The largest and most robust VA-ECMO trial to date, ie.
ECLS-SHOCK'® did not find any evidence of a beneficial treatment ef-
fect across its primary and secondary efficacy outcomes, or any sub-
group interaction(s). This trial enrolled a significant proportion of
patients with advanced shock (median lactate 6.8 mmol/L, 35%
SCAI-E classification), who may have had irreversible multi-organ dys-
function at randomization. This was supported by similar times to
haemodynamic stabilization and duration of catecholamine therapy in
both groups; however, no signal of haemodynamic efficacy with
VA-ECMO was evident in ECLS-SHOCK | despite enrolment of a
lower-risk AMI-CS cohort. Furthermore, an IPD meta-analysis of re-
cent MCS trials found that subgroups with potentially more advanced
haemo-metabolic compromise may derive a greater 6-month mortality
benefit most from MCS compared to control.”” This included patients
with higher lactate, lower SBP and those with unsuccessful PCI.

Notably, rates of left ventricular unloading with a concomitant device
was uniformly low in VA-ECMO trials despite observational evidence of

a potential mortality benefit with this strategy, which aims to counter-
act the deleterious effect of VA-ECMO on ventricular afterload.”’ The
recent IPD meta-analysis by Thiele et al. reported no statistically signifi-
cant reduction in 6-month mortality in patients receiving ventricular un-
loading devices compared to control (HR 0.80 [95% CI 0.62—1.02]; P =
0-075).27 However, the control arm of most of these trials included
IABP, another unloading device. The ongoing ANCHOR trial, which
is planning to enrol 400 patients, is investigating whether a systematic
left ventricular unloading strategy using an IABP may improve early
mortality compared to medical therapy alone.>?

Our study found higher rates of major bleeding with VA-ECMO
(NNH of 7). Reporting of other safety outcomes was poor in
VA-ECMO trials; however, higher rates of major vascular complications
(RR2.86, 95% Cl 1.31-6.25) compared to medical therapy were noted
in ECLS-SHOCK,"® while numerically higher rates were noted in the
under-powered ECMO-CS® and EURO-SHOCK?? trials. These com-
plications are unsurprising given the large-bore cannulation required
for vascular access to use this device. Furthermore, significantly
longer intensive care unit stay and duration of ventilation was
reported for VA-ECMO survivors compared to control survivors in
EURO-SHOCK. These findings suggest there are significant risks asso-
ciated with VA-ECMO use, which may partially explain the lack of mor-
tality benefit over medical therapy in trials to date. Future studies
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should aim to identify predictors of major complications to guide opti-
mal patient selection in future VA-ECMO trials.

Percutaneous ventricular assist devices

Only one single small trial has been evaluated the efficacy of
TandemHeart in AMI-CS.%® This study showed some evidence of early
haemodynamic efficacy; however, use of the device was associated with
significantly higher bleeding, vascular complications, and procedural
time compared to IABP. The IMPELLA device is the most well-studied
pVAD. Unlike the IABP and VA-ECMO trials, these trials primarily used
IABP controls except for DanGer SHOCK.'® Cardiogenic shock defini-
tions were also more heterogeneous in this group (Table 1) Most were
small phase Il trials designed to assess haemodynamic efficacy.'®"> Of
these, only ISAR-SHOCK met its primary endpoint of change in cardiac
index at 30 min; however, this hyper-acute benefit was neither sus-
tained after 24 h nor supported by improvements in other haemo-
dynamic parameters or clinical endpoints, limiting their clinical
relevance. While IMPELLA-CP was the most commonly used
IMPELLA device across trials, our subgroup analysis did not observe
any significant difference in efficacy and safety outcomes with this de-
vice compared to other pVAD’s.

To date, DanGer SHOCK is the only MCS trial in AMI-CS to meet its
primary clinical endpoint, i.e. 180-day all-cause mortality. The investiga-
tors chose to exclude patients with out-of-hospital cardiac arrest or
those in a persistent comatose state on arrival to hospital, which
were strong predictors of neurological death in IMPRESS."" Many
AMI-CS patients present in this way, which limits the generalizability
of the DanGer SHOCK trial results due to its high screen failure rate
(70%) compared to other trials, such as IMPRESS (36%) and
ECLS-SHOCK (52%). Furthermore, the statistical significance of the
primary endpoint was fragile (P=0.04, upper limit Cl=0.99), high-
lighted by a paradoxically more conservative estimate in the as-treated
population, which did not show a statistically significant mortality bene-
fit. There was also no 30-day mortality difference between groups and
significant heterogeneity was noted in the treatment effect based on
the country of enrolment (the study was limited to three European
sites). Nevertheless, DanGer SHOCK has highlighted that MCS may
benefit carefully selected shock patients at reduced risk of hypoxic brain
injury. This hypothesis was further supported by data from the recent
IPD meta-analysis of MCS trials in infarct-related shock which reported
that the subgroup of patients who had <10 min or no cardiopulmonary
resuscitation (n = 589) appeared to benefit most from MCS (HR 0.77,
[95% Cl 0.61-0.97], P=0.024).%

Our study also highlights some safety concerns associated with
pVAD use: we note significantly higher rates of sepsis, major bleeding,
urgent dialysis, and limb ischaemia. There was also a trend towards
higher stroke rates. Therefore, despite the encouraging results of
DanGer SHOCK, its limitations along with these safety concerns
with pVAD use highlight the need for more randomized trial data.
While it is unfortunate that RECOVERY V33 was recently terminated
early after recruitment of five patients based on the results of DanGer
SHOCK, results of the ongoing ULYSS trial in France, which plans to
enrol 204 patients may be important.>* One other small IMPELLA trial
was terminated early due to insufficient recruitment (19 patients
enrolled).®

Limitations

The majority of trials included in this analysis were small and baseline
characteristics were difficult to compare due to variable reporting.
Therefore, while statistical heterogeneity was low overall in most ana-
lyses, clinical heterogeneity was difficult to assess. The timing of MCS
insertion may have varied in the included studies and shock severity
was difficult to compare between the studies. Only a small number

of trials were available per comparison. In addition, due to heteroge-
neous and/or limited reporting of outcomes by participant-level factors
in the included trials, we were limited to trial-level subgroup analyses
that may not have fully captured differences in outcomes due clinical
heterogeneity. However, we did not identify substantial statistical het-
erogeneity for our primary outcome of early mortality for any of our
three comparisons. There was limited reporting of safety data (includ-
ing outcome definitions) and long-term efficacy outcomes, and insuffi-
cient data to undertake the pre-planned subgroup analysis. While
Impella CP was the most commonly used pVAD, 26% of patients ran-
domized to intervention across the pVAD trials received an alternative
micro-axial flow pump, which may have influenced the evaluation of
safety outcomes.

Conclusion

The current randomized trial evidence base does not provide robust evi-
dence of an early mortality benefit with any MCS strategy currently used
in clinical practice. However, these devices may confer a treatment bene-
fit, particularly in selected subgroups at lower risk of hypoxic brain injury,
as highlighted by the findings of DanGer shock and a recent IPD
meta-analysis.">* Despite limited reporting of safety data in trials to
date, there is some evidence of serious risks associated with VA-ECMO
and pVAD use in particular. However, contextual factors including oper-
ator experience, access techniques, and device selection may have signifi-
cantly influenced safety and efficacy outcomes. Future trials should
explore whether these devices may be beneficial in the earlier stages of
shock when the risk of irreversible multi-organ dysfunction may be lower.
Standardized definitions should be incorporated for relevant safety out-
comes, with transparent reporting of such outcomes.
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