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Abstract

Objective:

To evaluate if mechanical left ventricular unloading could reduce mortality in patients with
cardiogenic shock undergoing venoarterial extracorporeal membrane oxygenation (VA-
ECMO).

Methods

We searched MEDLINE, Embase, and the Cochrane Library for randomized controlled trials
and propensity score-matched studies published until December 20, 2023. The primary
outcome was mortality at the longest follow-up. We used a Mantel-Haenszel random effects
meta-analysis and reported the pooled results with a risk ratio (RR) and 95% confidence
interval (Cl). The review protocol was registered on PROSPERO International prospective
register of systematic review (CRD42024498665).

Results

We identified two randomized controlled trials and eleven propensity score-matched studies,
totaling 9858 patients. Mechanical left ventricular unloading was significantly associated
with reduced mortality at the longest follow-up (RR, 0.89; 95% CI, 0.84-0.94; P = 0.0001;
moderate certainty of evidence), which was confirmed in studies using intraaortic ballon
pump (IABP). Benefits of mechanical unloading were also observed in terms of successful
VA-ECMO weaning (RR, 1.15; 95% ClI, 1.02-1.29; P = 0.02; low certainty of evidence) and
favorable neurological outcome (two studies; RR, 2.45; 95% CI, 1.62-3.69; P < 0.0001; low
certainty of evidence), although we observed an increased incidence of major bleeding (RR,
1.27; 95% CI, 1.02-1.59; P = 0.03; low certainty of evidence) and hemolysis (RR, 1.49; 95%

Cl, 1.10-2.02; P = 0.01; moderate certainty of evidence).



Conclusions
Among adult patients with cardiogenic shock treated with VA-ECMO, mechanical left
ventricular unloading was associated with reduced mortality, which was confirmed in studies

using IABP as an unloading device.
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Introduction

Cardiogenic shock occurs in 15% of patients admitted to the cardiac intensive care units (1).
For severe cardiogenic shock and cardiac arrest with persistent hypotension and
hypoperfusion unresponsive to optimal pharmacological therapy, peripheral venoarterial
extracorporeal membrane oxygenation (VA-ECMOQO) is an option to provide adequate
extracorporeal blood flow and gas exchange (2, 3). Despite advances in management,

mortality remains high in cardiogenic shock patients treated with VA-ECMO (4).

Increased left ventricular (LV) afterload is a hemodynamic drawback of peripheral VA-
ECMO due to its retrograde blood flow. The subsequent LV distention is associated with
pulmonary edema, thrombus formation, and myocardial ischemia, thereby impairing the
recovery of LV function (5-8). Of note, LV distention occurs in 22% of patients undergoing
VA-ECMO, with one-third of them requiring immediate decompression (6). Thus, in patients
with increased afterload (e.g., lack of aortic valve opening), LV unloading to prevent or treat
LV distention can reduce LV workload and myocardial oxygen consumption, and potentially

improve clinical outcomes (9).

A previous meta-analysis suggested survival benefits from mechanical LV unloading in
cardiogenic shock patients treated with VA-ECMO (10). However, this promising result
requires cautious evaluation because all the included studies were observational and the
authors did not adjust for relevant confounders (10). Furthermore, there has been
accumulating evidence regarding the effectiveness of mechanical LV unloading. Of note, a
large, international registry-based study recently reported a significant mortality reduction
with mechanical LV unloading using propensity matching techniques (11). Furthermore, a

recent randomized controlled trial (RCT) showed that adding percutaneous left ventricular



assist device to standard care reduces mortality in patients with infarct-related cardiogenic
shock (12). Despite its potential benefits, mechanical LV unloading may carry risks of
complications. Previous literature suggests that mechanical LV unloading was associated

with a higher incidence of bleeding (11, 13), limb ischemia (13), and hemolysis (10).

Accordingly, we systematically reviewed RCTs and propensity score-matched studies and
performed an updated meta-analysis to test the hypothesis that adding mechanical LV
unloading to VA-ECMO, compared to VA-ECMO alone, would reduce mortality in patients

with cardiogenic shock.

Materials and Methods

We performed a systematic review and meta-analysis according to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines (14) and registered
the review protocol with PROSPERO International prospective register of systematic review
on January 15, 2024 (CRD42024498665). Our review question was built using the PICOS
(Population, Intervention, Comparison, Outcome, Study design) framework: adult patients
with cardiogenic shock treated with VA-ECMO (P); mechanical LV unloading (I); no
mechanical LV unloading (C); mortality at the longest follow-up (O); RCTs and propensity

score-matched studies (S).

Search strategy and selection criteria
We searched MEDLINE, Embase, and Cochrane Library for relevant studies published until
December 20th, 2023. We considered eligible RCTs and propensity score-matched studies

comparing mechanical LV unloading with no mechanical LV unloading among adult patients



with cardiogenic shock undergoing VA-ECMO. We excluded observational studies without
propensity score matching, systematic reviews, commentaries/editorials, narrative reviews,
and studies not addressing our review question. Two investigators independently screened
eligibility based on study titles and abstracts after removing duplicates. Then, we selected
eligible studies based on full-text assessment. Disagreements were resolved through

discussion with another senior investigator.

Data collection and risk of bias assessment

We extracted data from included studies using a standardized data collection form. For RCTs,
necessary data were extracted according to an intention-to-treat principle, while data after
propensity score matching were used for propensity score-matched studies. We collected data
on first author, year of publication, country, study design, setting, and primary and secondary
outcomes. If mortality data were not reported, we contacted the first or corresponding author

to request further information.

We assessed the risk of bias for RCTs by using the Cochrane risk-of-bias tool for RCTs
version 2 (RoB 2) (15) and for propensity score-matched studies by using Risk Of Bias In
Non-randomized Studies - of Interventions (ROBINS-I) tool (16). We assessed the overall
certainty of the evidence based on the Grading of Recommendations Assessment,
Development and Evaluation (GRADE) methodology (17). We created the GRADE evidence
profile tables using the GRADEpro software (18). The presence of publication bias on the
primary outcome was investigated by visual inspection of funnel plot and Egger’s test using

R 4.2.1 (R Foundation for Statistical Computing, Vienna, Austria).



Outcomes

The primary outcome was all-cause mortality at the longest follow-up available. The
secondary outcomes were weaning from VA-ECMO, major bleeding, hemolysis, limb
ischemia, stroke, receipt of renal replacement therapy, bridge to heart transplantation or
durable ventricular assist device, and favorable neurological outcome. The definition of
major bleeding was left to each study. If a study reported the incidence of major bleeding
according to bleeding sites (or causes), we used the one with the highest incidence. We
defined favorable neurological outcome as a Cerebral Performance Category score of 1 or 2

(19).

Data analysis

For the primary and secondary outcomes, frequentist analyses were conducted using Review
Manager version 5.4 (20). We calculated a risk ratio (RR) and 95% confidence interval (CI)
using a Mantel-Haenszel random-effects model. A p value less than 0.05 was considered
statistically significant. We performed three subgroup analyses for the primary outcome:
unloading strategies (intraaortic balloon pumping [IABP], microaxial flow pump [mAFP],
either IABP or mAFP, and other), indication for VA-ECMO (cardiogenic shock and

extracorporeal cardiopulmonary resuscitation [ECPR]), and low risk of bias studies.

A trial sequential analysis (TSA) (21) including only RCTs was performed for the primary
outcome with a diversity-adjusted information size calculated using a two-sided alpha of
0.05, a power of 80%, an anticipated relative risk decrease of 10%, and the actual control
event rate. We used the TSA Viewer software (Version 0.9.5.10 Beta. Copenhagen Trial

Unit, Centre for Clinical Intervention Research, Rigshospitalet, Copenhagen, Denmark).



Results

Characteristics of included studies

Of 3954 studies, we identified two RCTs and eleven propensity score-matched studies
totaling 9858 patients (Figure 1) (11, 13, 22-32). Major exclusions are summarized in Table

SL.

The included studies were published between 2014 and 2023. VA-ECMO was used as ECPR
in three studies (26, 29, 32). In one study, propensity score-matching was separately
performed for patients with and without acute coronary syndrome (ACS) (26): we used the
matched data separately when pooling results. The unloading method was IABP in seven
studies (22, 23, 25-29), mAFP in three studies (13, 24, 32), transseptal left atrial cannulation
in two studies (30, 31), and either IABP or mAFP in one study (11). The comparison was
early routine unloading versus conventional (on-demand) unloading in two RCTs (30, 31).

Table 1 summarizes the characteristics of the included studies.

The RoB 2 assessment deemed one RCT as low risk of bias (30) and the other study as
having some concerns (31). The ROBINS-I assessment deemed ten propensity score-matched
studies as low risk of bias (11, 13, 22-27, 29, 32) and the remaining one as moderate risk of

bias (28) The complete risk of bias assessments are illustrated in Table S2.

Primary outcome

Mortality at the longest follow-up was reported by all 13 studies while eight reported
mortality at hospital discharge (11, 22-24, 27, 30-32), four reported mortality at 30 days (13,
26, 28, 29), and one at ICU discharge (25) (Table 1). Mortality at the longest follow-up

available was significantly reduced with mechanical LV unloading (13 studies; 2783/4852



[57%] vs. 3137/5006 [63%]; RR, 0.89; 95% CI, 0.84 to 0.94; P = 0.0001; moderate certainty
of evidence) (Table 2, Figure 2, and Table S3). No significant publication bias was detected
on the funnel plot (Figure S1) and Egger’s test (t = -1.14, df = 12, P = 0.28). Mortality
reduction was confirmed in the subgroups of IABP, either IABP or mAFP, cardiogenic shock,
ECPR, and low risk of bias studies (Table 2, Figure 2, and Figure S2—3). TSA showed a lack

of the evidence from RCTs only (Figure S4).

Secondary outcomes

Successful weaning from VA-ECMO was significantly increased with mechanical LV
unloading (7 studies; 631/873 [72%] vs. 615/1027 [60%]; RR, 1.15; 95% CI, 1.02 to 1.29; P
= 0.03; low certainty of evidence) (Table 2 and Figure 3). On the other hand, major
hemorrhage and hemolysis were more frequently observed in the mechanical LV unloading
group (RR, 1.27 [95% CI, 1.02 to 1.59]; P = 0.03 and RR, 1.49 [95% ClI, 1.10 to 2.02]; P =
0.01, respectively) (Table 2 and Figure S5-6). Other secondary outcomes were not
significantly different between the two groups (Table 2 and Figure S7-10), except for an
increase in favorable neurological outcome in the unloading group (2 studies; 71/455 [16%]
vs. 29/455 [6.4%]; RR, 2.45; 95% ClI, 1.62 to 3.69; P < 0.0001; low certainty of evidence)
(Table 2 and Figure S11). Favorable neurological outcome was only reported in two
propensity score-matched studies, while none of the RCTs addressed this outcome. GRADE

assessment is shown in Table S3.

Discussion
Key findings
The present systematic review and meta-analysis identified two RCTs and eleven propensity

score-matched studies that evaluated the effects of mechanical LV unloading on clinically



relevant outcomes among patients with cardiogenic shock treated with VA-ECMO. Pooled
results showed that mechanical LV unloading was associated with reduced mortality and
increased successful weaning from VA-ECMO, although hemorrhagic events and hemolysis

were increased.

Relationship with previous literature

Our meta-analysis describes a reduction of mortality in patients receiving mechanical LV
unloading, in line with a previously study (10). While the previous meta-analysis included
studies up to 2018 and used unmatched data from eligible studies, the present study updated
the literature search and focused on RCTs and propensity score-matched studies only, which
added recent evidence and precision to the pooled treatment effects. The mortality reduction
in the overall analysis translated into favorable neurological outcome in two ECPR studies
(29, 32). Furthermore, we found an increased rate of successful weaning from VA-ECMO in
patients receiving unloading, thus supporting the favorable effects of the technique on a

hemodynamic profile and implying a beneficial effect on native heart recovery.

Recent RCTs investigating mechanical circulatory support have reported mixed results
regarding mortality, yet they consistently report increased incidences of vascular
complications (i.e., major bleeding and limb ischemia). While several trials failed to improve
mortality with VA-ECMO (33-36), another RCT examining mAFP showed reduced
mortality (12). On the other hand, elevated risks of bleeding and limb ischemia were found
across these studies (12, 35, 36). Our meta-analysis aligns with one study (12) regarding
mortality reduction and several studies concerning the risk of complications (12, 35, 36). The

two RCTs included in our meta-analysis evaluated the efficacy of early transseptal left atrial
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cannulation in patients with cardiogenic shock, rather than assessing the impact of additional

mechanical circulatory support (30, 31).

Based on the subgroup analyses comparing different unloading strategies, IABP was
associated with a reduced mortality risk, whereas mAFP did not show such association.
These results align with previous findings (10). A large propensity score-matched study
showed that mAFP, when compared to IABP, was associated with an increased risk of
hospital mortality and major bleeding among patients with infarct-related cardiogenic shock
(37). Although mAFP may have more powerful LV unloading effects than IABP (38), the
high risks of hemolysis and bleeding complications might explain the observed heterogeneity
in treatment effects between different unloading strategies. Furthermore, a recent network
meta-analysis evaluating various mechanical circulatory supports for cardiogenic shock also
found that, compared to conventional pharmacological management without mechanical
support, only a combination of VA-ECMO and IABP, and not VA-ECMO with mAFP, was
associated with reduced mortality (39). Nonetheless, the sample size of the mAFP subgroup
was small. Moreover, one study presented combined data for patients using IABP or mAFP
as an unloading strategy (11), preventing its inclusion in the subgroup analysis of each

device.

In contrast to the findings of Russo et al. (10), the present meta-analysis observed a
significantly increased risk of major bleeding in the unloading group. These differences in
bleeding between the two groups likely result from the necessity of an additional large-bore
arterial cannulation. It is worth mentioning that the present meta-analysis also includes a
substantially large proportion of patients receiving a mAFP. In fact, while Russo et al.

described the use of a mAFP only in 5.5% of patients receiving unloading, our meta-analysis

11



included a substantially higher proportion (> 10%) of patients receiving mAFP. This is
possibly due to the growing use of mAFP in the setting of cardiogenic shock worldwide,
thanks to its minimally invasive nature, the broadening scope of its clinical indications, the
accumulation of promising evidence, and continuous technological advancements (40, 41).
However, the vascular access required for mAFP positioning is substantially larger than that
of IABP (14 Fr vs. 8 Fr) and may partially explain the increased rate of bleeding in the
unloading group. Coagulation derangements may also play a key role when dealing with
bleeding during mechanical circulatory support. While profound cardiogenic shock may
cause severe coagulopathy on its own, a number of patient-machine interactions may
contribute (42). Hemodilution from the priming of the ECMO machine, reaction of the blood
with extracorporeal circuits and acquired von Willebrand disease due to the pump shear stress
(43) may all contribute to cause profound coagulopathy. The optimal anticoagulation therapy
for mitigating the risks of both bleeding and thrombotic events in this critical population
remains uncertain. Anticoagulation management was mentioned in only one of the included
studies, with patients in the unloading and control groups receiving the same protocol
management (24). Historically, these patients receive heparin anticoagulation. Novel
interventions (e.g., factor XII/XI inhibition) and bivalirudin—a direct thrombin inhibitor—
have been investigated (44, 45). Moreover, patients with acute myocardial infarction often
require percutaneous coronary intervention and dual antiplatelet therapy, which may increase
bleeding risks (46). Preliminary experiences reporting a beneficial effect of cangrelor and
bivalirudin are encouraging (47). However, no RCT is available for these new agents in this

setting.

Hemolysis is an interesting related issue. In fact, our meta-analysis observed an increased risk

of hemolysis when adding a second pump, although much lower than previous reports by

12



Russo et al. (10). In fact, the impact—especially of mAFP—on the occurrence of hemolysis
is well-known and non-negligible (48). A recent RCT found that adding a mAFP increased
the risk of hemolysis in patients with cardiogenic shock (12). Clinical diagnosis of hemolysis
during mechanical support requires constant monitoring of urine color and lab examinations
(plasma-free hemoglobin and lactate dehydrogenase), while optimization requires frequent
check of pump position and reduction of speed whenever possible. Although hemolysis may
worsen kidney function, our meta-analysis did not observe a higher rate of renal replacement
therapy in the unloading group. The topic of prevention of acute kidney injury in these
patients remains of paramount importance and new interventions have recently showed

promising results (49, 50).

Implications for clinical practice and future research

From a clinical practice perspective, the significant association between the use of
mechanical LV unloading and reduced mortality is promising for cardiogenic shock patients,
given their devastating prognosis despite the improved care (51). Moreover, the positive
impact on favorable neurological outcome after cardiac arrest implies that implementing
unloading devices may protect cerebral and physical function. However, our results do not
immediately translate into routine practice because most of the included studies were not

RCTs.

In contrast to the previous meta-analysis (10), our meta-analysis indicated the increased
incidence of major bleeding and hemolysis with mechanical LV unloading. These findings
highlight the necessity for increased awareness of these complications when implementing
additional mechanical support. Moreover, mechanical LV unloading may require additional

human resources and economic costs. When considering candidates for adding mechanical
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LV unloading to VA-ECMO, these risks need to be balanced with potential survival benefits.
Given the association of major bleeding and hemolysis with increased mortality (52, 53),

patients with a low risk of such vascular complications might represent a target population.

Our meta-analysis suggests that adding mechanical LV unloading to VA-ECMO deserves
further investigation, given that recent clinical trials failed to show a reduction in mortality
for standalone VA-ECMO in cardiogenic shock (54). Research priorities should include
establishing initiation criteria, selecting the appropriate modality, and determining the
optimal timing for insertion (9). Of note, several ongoing clinical trials aim to assess the
efficacy of adding mechanical unloading device to VA-ECMO in patients with cardiogenic
shock (55, 56). The findings of our meta-analysis provide clinical rationale and fundamental
information for designing future RCTs. As shown in the TSA, future RCTs are necessary to
draw a definitive conclusion as to whether mechanical LV unloading carries survival
advantages. Moreover, studies focusing on cardiac structure and function are necessary to
identify which subgroups among heterogenous cardiogenic shock patients are most likely to
benefit from mechanical LV unloading. Given the considerable risk of major bleeding, the

optimal anticoagulation therapy should be investigated for this specific setting.

Strengths and limitations

The strengths of our meta-analysis include a pre-registered protocol, an updated
comprehensive literature search, exclusive evaluation of RCTs and propensity score-matched
studies, and various sensitivity analyses confirming the main analyses. Since literature on this
research topic included only observational studies till recently, the identified studies and
pooled data were inevitably prone to several biases (10). In contrast, our meta-analysis

exclusively selected RCTs or propensity score-matched studies, improving the certainty of
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the aggregated evidence. Moreover, assessment of favorable neurological outcome added

new perspectives to the potential benefits of mechanical unloading.

Our meta-analysis has limitations. First, most of the included studies were observational
studies. Although we exclusively selected propensity score-matched studies to ensure the
quality of the studies, such studies are not immune to unknown or unmeasured confounding
factors. In studies where mechanical LV unloading was initiated after VA-ECMO, an
immortal time bias might also be a concern. Second, since our meta-analysis focused on the
effectiveness of adding mechanical LV unloading compared to VA-ECMO alone, no
conclusion can be drawn regarding superiority among different unloading modalities. Third,
structural and functional cardiac abnormalities are crucial information for hemodynamic
management. However, due to the nature of study-level meta-analyses, such information was
not available in most of the included studies and therefore could not be incorporated into our
meta-analysis. Fourth, since our meta-analysis focused on patients undergoing VA-ECMO
for cardiogenic shock, our results do not inform the efficacy or safety of mechanical
unloading in other populations. Fifth, the primary outcome, mortality at the longest follow-up,
was assessed at different timepoints in included studies. However, pooling mortality data
from different timepoints in a meta-analysis did not seem to affect the aggregated effect

estimates but could improve the precision of analysis (57).

Conclusions

Among patients with cardiogenic shock managed with VA-ECMO, the addition of
mechanical LV unloading was associated with better survival, although major bleeding and
hemolysis were more frequent. Such mortality reduction was confirmed in studies using

IABP as an unloading device. Given that our findings were mostly driven by propensity

15



score-matched studies, the efficacy of mechanical LV unloading needs to be confirmed by

adequately powered RCTSs.
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Figure legends

Fig. 1. Flow chart of study selection

RCT, randomized controlled trial

Fig. 2. Forest plot for mortality at the longest follow-up available

ACS, acute coronary syndrome; IABP, intraaortic balloon pumping; mAFP, microaxial flow

pump

Fig. 3. Forest plot for successful weaning from venoarterial extracorporeal membrane

oxygenation
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FIGURE 2

Mechanical unloading

Control

Risk Ratio

Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% CI
1.1.1 IABP

Ro SK 2014 42 60 139 193 7.1% 0.97[0.81, 1.17] 2014 .
Aso S 2016 298 533 344 533 14.2% 0.87[0.79, 0.96] 2016 =
Brechot N 2018 28 63 35 63 2.5% 0.80 [0.56, 1.14] 2018 —
Kuroki N 2021 ACS 33 59 46 59 4.2% 0.72 [0.55, 0.93] 2021

Kuroki N 2021 Non-ACS 44 68 45 68 4.8% 0.98 [0.77, 1.25] 2021 T
Radakovic D 2022 33 57 43 57 4.1% 0.77 [0.59, 1.00] 2022 —
Bjornsdottir B 2022 73 114 66 114 6.1% 1.11[0.90, 1.36] 2022 B
Kashiura M 2023 293 421 349 421 16.7% 0.84 [0.78, 0.91] 2023 -
Thevathasan T 2023 24 34 31 34 4.9% 0.77 [0.61, 0.99] 2023 -
Subtotal (95% ClI) 1409 1542 64.6% 0.87 [0.81, 0.94] ’

Total events 868 1098

Heterogeneity: Tau? = 0.00; Chi® = 12.14, df = 8 (P = 0.15); 1> = 34%

Test for overall effect: Z = 3.73 (P = 0.0002)

1.1.2 mAFP

Pappalardo F 2017 10 21 31 42 1.4% 0.65 [0.40, 1.05] 2017 5
Schrage B 2020 145 255 162 255 10.1% 0.90[0.78, 1.03] 2020 —T
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Test for overall effect: Z = 1.35 (P = 0.18)

1.1.3 Mix of either IABP or mAFP
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Total events 1719 1805

Heterogeneity: Not applicable

Test for overall effect: Z = 2.21 (P = 0.03)

1.1.4 Transseptal left atrial cannulation

Park H 2023 14 30 15 30 1.2% 0.93 [0.55, 1.58] 2023
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Test for overall effect: Z = 0.01 (P = 0.99)
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Total events 2783 3137
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Test for overall effect: Z = 3.84 (P = 0.0001) 33 ) ’

Test for subgroup differences: Chi2 = 5.23, df = 3 (P = 0.16), I*> = 42.6%
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FIGURE 3

Mechanical unloading Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Ro SK 2014 34 60 79 193 13.0% 1.38 [1.05, 1.83] 2014 —
Aso S 2016 440 533 391 533 40.8% 1.13 [1.06, 1.20] 2016 L
Pappalardo F 2017 10 21 16 42 3.7% 1.25 [0.69, 2.26] 2017 -
Bjornsdottir B 2022 65 114 60 114 16.3% 1.08 [0.86, 1.37] 2022 -
Radakovic D 2022 29 57 15 57 4.9% 1.93 [1.17, 3.20] 2022 -
Kim MC 2023 32 58 31 58 9.9% 1.03 [0.74, 1.44] 2023 B A
Park H 2023 21 30 23 30 11.3% 0.91[0.67, 1.24] 2023 — 1
Total (95% Cl) 873 1027 100.0% 1.15 [1.02, 1.29] <&
Total events 631 615
Heterogeneity: Tau? = 0.01; Chi? = 9.06, df = 6 (P = 0.17); I = 34% ? ?

0.2 0.5 1 2

Test for overall effect: Z = 2.27 (P = 0.02) Favours control Favours unloading
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Table 1. Characteristics of the included studies

First author, i No. of i Mechanical unloading Timepoint of
L Setting ., Study design Comparator )
publication year patients strategy mortality assessment
Propensit
Cardiogenic P y i i
Ro SK, 2014 (22) shock 253 score-matched IABP ECMO alone Hospital discharge
study
] _ Propensity
Cardiogenic o
Aso S, 2016 (23) shock 1066 score-matched IABP ECMO alone Hospital discharge
study
] _ Propensity
Pappalardo F, Cardiogenic i ) i i
63 score-matched Microaxial flow pump ECMO alone Hospital discharge
2017 (24) shock
study
] _ Propensity
Brechot N, 2018  Cardiogenic .
126 score-matched IABP ECMO alone ICU discharge
(25) shock
study
] _ Propensity
Schrage B, 2020  Cardiogenic i i
510 score-matched Microaxial flow pump ECMO alone 30 days
(13) shock
study
) Propensity
Kuroki N, 2021
(26) ECPR 254 score-matched IABP ECMO alone 30 days
study
Bjornsdottir B, Cardiogenic Propensity ) i
228 IABP ECMO alone Hospital discharge
2022 (27) shock score-matched
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study

Propensit
Grandin EW, Cardiogenic P y ) ) . .
6158 score-matched IABP or microaxial flow pump ECMO alone Hospital discharge
2022 (11) shock
study
i . . Propensity
Radakovic D, Cardiogenic
114 score-matched IABP ECMO alone 30 days
2022 (28) shock
study
i Propensity
Kashiura M, 2023
29) ECPR 842 score-matched IABP ECMO alone 30 days
study
Kim MC, 2023 Cardiogenic Transseptal left atrial Conventional i i
116 RCT i i Hospital discharge
(30) shock cannulation unloading strategy
Cardiogenic Transseptal left atrial Conventional ) i
Park H, 2023 (31) 60 RCT ) i Hospital discharge
shock cannulation unloading strategy
Propensity
Thevathasan T, . . : .
2023 (32) ECPR 68 score-matched Microaxial flow pump ECMO alone Hospital discharge
study

% For the randomized trial, we present the data according to the intention-to-treat principle. For propensity score matched studies, we present the
number of patients included in the propensity score-matched analysis. In a study by Kuroki et al. (26), propensity score-matching was separately

performed for patients with and without acute coronary syndrome (N = 118 and 136, respectively).
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Abbreviations: ECMO, extracorporeal membrane oxygenation; ECPR, extracorporeal cardiopulmonary resuscitation; IABP, intraaortic balloon;

ICU, intensive care unit; RCT, randomized controlled trial
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Table 2. Effects of mechanical left ventricular unloading on the primary and secondary outcomes

No. of

Outcome studies Mechanical LV unloading Control Risk ratio (95% CI) P value 12
Primary outcome
Mortality at the longest follow-up 13 2783/4852 (57%) 3137/5006 (63%)  0.89 (0.84 to 0.94) 0.0001 44%
Unloading strategy
IABP 8 868/1409 (62%) 1098/1542 (71%)  0.87 (0.81 to 0.94) 0.0002 34%
mAFP 2 155/276 (56%) 193/297 (65%) 0.83 (0.63 to 1.09) 0.18 39%
Either IABP or mAFP 1 1719/3079 (56%) 1805/3079 (59%)  0.95 (0.91 to 0.99) 0.03 NA
Transseptal left atrial cannulation 2 41/88 (47%) 41/88 (47%) 1.00 (0.73t0 1.37) 0.99 0%
Indication of VA-ECMO
Cardiogenic shock 10 2389/4270 (56%) 2666/4424 (60%)  0.92 (0.87 to 0.98) 0.005 21%
ECPR 3 394/582 (68%) 471/582 (81%) 0.83 (0.77 t0 0.90) <0.0001 8%
Low risk of bias studies 11 2736/4765 (57%) 3079/4919 (63%)  0.89 (0.84 to 0.95) 0.0005 49%
Secondary outcomes
Successful VA-ECMO weaning 7 631/873 (72%) 615/1027 (60%) 1.15 (1.02 to 1.29) 0.02 34%
Major bleeding 7 74713591 (21%) 565/3609 (16%) 1.27 (1.02 to 1.59) 0.03 70%
Hemolysis 4 235/3369 (7.0%) 176/3347 (5.3%) 1.49 (1.10 to 2.02) 0.01 53%
Renal replacement therapy 9 469/1163 (40%) 451/1184 (38%) 1.03 (0.83t0 1.27) 0.81 75%
Limb ischemia 7 362/3627 (10%) 326/3624 (9.0%) 1.20 (0.91 to 1.60) 0.20 27%
Stroke 5 170/3431 (5.0%) 156/3443 (4.5%) 1.10 (0.89 to 1.35) 0.40 0%
Bridge to heart transplant or durable
35/286 (12%) 36/307 (12%) 1.04 (0.69 to 1.57) 0.84 0%

VAD
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Favorable neurological outcome 2 71/455 (16%) 29/455 (6.4%) 2.45 (1.62 to 3.69) <0.0001 0%

Abbreviations: Cl, confidence interval; ECPR, extracorporeal cardiopulmonary resuscitation; IABP, intraaortic balloon pumping; LV, left

ventricular; mAFP, microaxial flow pump; NA, not applicable; VAD, ventricular assist device; VA-ECMO, venoarterial extracorporeal

membrane oxygenation
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Search strategy for systematic literature review

PubMed

(Propensity score [mh] OR Propensity score matching [tiab] OR Propensity score analysis
[tiab] OR Propensity-matched [tiab] OR Propensity-adjusted [tiab] OR Matching score [tiab]
OR Matched group [tiab] OR Matched sample [tiab] OR Matched case-control [tiab] OR
Case-control matching [tiab] OR Matched-pair [tiab] OR Pair-matching [tiab] OR Pair-
matched [tiab] OR Matched-Pair Analysis [mh] OR Matched Groups [mh] OR Matched
Case-Control Studies [MeSH] OR score matc* [tiab] OR score-matc* [tiab] OR propensity-
score [tiab] OR propensity-score [tiab] OR multivariable modeling [tiab] OR randomized
controlled trial[pt] OR controlled clinical trial[pt] OR randomized controlled trialsfmh] OR
random allocation[mh] OR double-blind method[mh] OR single-blind method[mh] OR
clinical trial[pt] OR clinical trialsfmh] OR clinical trial[tw] OR latin square[tw] OR
random*[tw] OR research design[mh] OR follow-up studies[mh] OR prospective studies[mh]
OR cross-over studiesfmh] OR control*[tw] OR prospectiv*[tw] OR randomized [tiab] OR
randomization [TIAB] OR randomly [tiab] OR randomised prospective study [tiab] OR
random number table[tiab] OR cluster-randomized [tiab]) AND

(impellaftiab] OR axial[tiab] OR abiomed[tiab] OR percutaneous ventricular assist
device[tiab] OR percutaneous left ventricular assist device[tiab] OR unloading[tiab] OR intra
aortic balloon[tiab] OR intraaortic balloon[tiab] OR intra-aortic balloon pump[tiab] OR
iabp[tiab] OR Counterpulsation[mh] OR counterpulsat*[tiab] OR counter pulsat*[tiab] OR
transaortic catheter*[tiab] OR tacv[tiab] OR Decompression, Surgical[mh] OR Shock,
Cardiogenic [mh] OR decompress*[tiab]) AND

(ECMOTtiab] OR extracorporeal life support[tiab] OR extracorporeal circulation[tiab] OR
circulatory support[tiab] OR extracorporeal membrane oxygenation[tiab] OR venoarterial
extracorporeal membrane oxygenation [tiab] OR Extracorporeal Membrane
Oxygenation[mh] OR Extracorporeal Circulation[mh] OR ECLS[tiab])

Cochrane Library

#1 mh “Propensity score” or “propensity score’:ti,ab,kw or "propensity score
matching™:ti,ab,kw or "propensity score analysis":ti,ab,kw or "propensity-matched":ti,ab,kw
or "propensity-adjusted:ti,ab,kw or "matching score":ti,ab,kw or "matched group":ti,ab,kw
or "matched sample":ti,ab,kw or "matched case-control*:ti,ab,kw or "case-control
matching":ti,ab,kw or "matched-pair*:ti,ab,kw or "pair-matching™:ti,ab,kw or "pair-
matched":ti,ab,kw or mh "matched-pair analysis™ or mh "matched groups” or "matched case-
control studies":ti,ab,kw or (score NEXT matc*):ti,ab,kw or (NEXT score-matc*):ti,ab,kw or
"propensity-score":ti,ab,kw or "multivariable modeling™:ti,ab,kw or "randomized controlled
trial":ti,ab,kw or "controlled clinical trial:ti,ab,kw or mh "randomized controlled trials" or
mh “random allocation” or mh "double-blind method™ or mh "single-blind method" or
"clinical trial":ti,ab,kw or mh “clinical trials" or “clinical trial":ti,ab,kw or "latin
square™:ti,ab,kw or (NEXT random*):ti,ab,kw or mh "research design" or mh "follow-up
studies™ or mh "prospective studies” or mh "cross-over studies"” or (NEXT control*):ti,ab,kw
or (NEXT prospectiv*):ti,ab,kw or "randomized™:ti,ab,kw or “randomization":ti,ab,kw or
"randomly":ti,ab,kw or "randomised prospective study":ti,ab,kw or “random number
table":ti,ab,kw or "cluster-randomized":ti,ab,kw

#2 "impella™:ti,ab,kw or "axial":ti,ab,kw or "abiomed":ti,ab,kw or "percutaneous ventricular
assist device":ti,ab,kw or "percutaneous left ventricular assist device™:ti,ab,kw or
"unloading":ti,ab,kw or "intra aortic balloon™:ti,ab,kw or "intraaortic balloon™:ti,ab,kw or
"intra-aortic balloon pump:ti,ab,kw or "iabp":ti,ab,kw or mh "Counterpulsation” or (NEXT
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counterpulsat®):ti,ab,kw or (counter NEXT pulsat*):ti,ab,kw or (transaortic NEXT
catheter™®):ti,ab,kw or "tacv":ti,ab,kw or mh "Decompression, Surgical” or mh "Shock,
Cardiogenic™ or (NEXT decompress*):ti,ab,kw

#3 "ECMO":ti,ab,kw or "extracorporeal life support™:ti,ab,kw or “extracorporeal
circulation™:ti,ab,kw or "circulatory support":ti,ab,kw or "extracorporeal membrane
oxygenation":ti,ab,kw or "venoarterial extracorporeal membrane oxygenation™:ti,ab,kw or mh
"Extracorporeal Membrane Oxygenation” or mh "Extracorporeal Circulation™ or
"ECLS":ti,ab,kw

#4 #1 and #2 and #3

Embase

(propensity score:de OR "propensity score matching™:ti,ab,kw OR "propensity score
analysis":ti,ab,kw OR "propensity-matched":ti,ab,kw OR "propensity-adjusted™:ti,ab,kw OR
"matching score™:ti,ab,kw OR "matched group™:ti,ab,kw OR "matched sample™:ti,ab,kw OR
"matched case-control™:ti,ab,kw OR "case-control matching™:ti,ab,kw OR "matched-
pair':ti,ab,kw OR "pair-matching":ti,ab,kw OR "pair-matched":ti,ab,kw OR "matched-pair
analysis":de OR "matched groups™:de OR "matched case-control studies™:de OR "score
matc*":ti,ab,kw OR "score-matc*":ti,ab,kw OR "propensity-score™:ti,ab,kw OR "propensity-
score™:ti,ab,kw OR "randomized controlled trial":it OR "controlled clinical trial":it OR
"randomized controlled trials":de OR "random allocation™:de OR "double-blind method™:de
OR "single-blind method":de OR “clinical trial":it OR "clinical trials":de OR "clinical
trial:ti,ab,kw OR "latin square™:ti,ab,kw OR "random™*":ti,ab,kw OR "research design":de
NOT "exp" OR "follow-up studies":de OR "prospective studies":de OR "cross-over
studies™:de OR "control*":ti,ab,kw OR "prospectiv*":ti,ab,kw OR "volunteer*":ti,ab,kw OR
"randomized":ti,ab,kw OR "randomization":ti,ab,kw OR "randomly":ti,ab,kw OR
"randomised prospective study":ti,ab,kw OR "post hoc analysis™:ti,ab,kw OR "post hoc
analyses":ti,ab,kw OR "random number table":ti,ab,kw OR "cluster-randomized":ti,ab,kw)
AND ("impella™:ti,ab,kw OR "axial":ti,ab,kw OR "abiomed":ti,ab,kw OR "percutaneous
ventricular assist device":ti,ab,kw OR "percutaneous left ventricular assist device":ti,ab,kw
OR "unloading":ti,ab,kw OR "intra aortic balloon":ti,ab,kw OR "intraaortic balloon":ti,ab,kw
OR "intra-aortic balloon pump":ti,ab,kw OR "iabp":ti,ab,kw OR "Counterpulsation":de OR
“counterpulsat®”:ti,ab,kw OR “counter pulsat™*”:ti,ab,kw OR “transaortic catheter*”:ti,ab,kw
OR "tacv":ti,ab,kw OR "Decompression, Surgical":de OR "Shock, Cardiogenic":de OR
“decompress™”:de)

AND ("ECMOQ™":ti,ab,kw OR "extracorporeal life support™:ti,ab,kw OR "extracorporeal
circulation™:ti,ab,kw OR "circulatory support":ti,ab,kw OR "extracorporeal membrane
oxygenation":ti,ab,kw OR "venoarterial extracorporeal membrane ozygenation":ti,ab,kw OR
"Extracorporeal Membrane Oxygenation":de OR "Extracorporeal Circulation™:de OR
"ECLS":ti,ab,kw)
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PRISMA 2020 checklist

TITLE

Title

1 I Identify the report as a systematic review.

ABSTRACT

Abstract

2 I See the PRISMA 2020 for Abstracts checklist.

INTRODUCTION

Rationale

Describe the rationale for the review in the context of existing
knowledge.

Objectives

Provide an explicit statement of the objective(s) or question(s) the
review addresses.

45

METHODS

Eligibility criteria

Specify the inclusion and exclusion criteria for the review and how
studies were grouped for the syntheses.

Information sources

Specify all databases, registers, websites, organisations, reference lists
and other sources searched or consulted to identify studies. Specify the
date when each source was last searched or consulted.

Search strategy

Present the full search strategies for all databases, registers and websites,
including any filters and limits used.

Supplemental
Material

Selection process

Specify the methods used to decide whether a study met the inclusion
criteria of the review, including how many reviewers screened each
record and each report retrieved, whether they worked independently,
and if applicable, details of automation tools used in the process.

5

Data collection
process

Specify the methods used to collect data from reports, including how
many reviewers collected data from each report, whether they worked
independently, any processes for obtaining or confirming data from
study investigators, and if applicable, details of automation tools used in
the process.

Data items

10a

List and define all outcomes for which data were sought. Specify
whether all results that were compatible with each outcome domain in
each study were sought (e.g. for all measures, time points, analyses), and
if not, the methods used to decide which results to collect.

10b

List and define all other variables for which data were sought (e.g.
participant and intervention characteristics, funding sources). Describe
any assumptions made about any missing or unclear information.

Study risk of bias
assessment

11

Specify the methods used to assess risk of bias in the included studies,
including details of the tool(s) used, how many reviewers assessed each
study and whether they worked independently, and if applicable, details
of automation tools used in the process.

Effect measures

12

Specify for each outcome the effect measure(s) (e.g. risk ratio, mean
difference) used in the synthesis or presentation of results.

Synthesis methods

13a

Describe the processes used to decide which studies were eligible for
each synthesis (e.g. tabulating the study intervention characteristics and
comparing against the planned groups for each synthesis (item #5)).

13b

Describe any methods required to prepare the data for presentation or
synthesis, such as handling of missing summary statistics, or data
conversions.

13c

Describe any methods used to tabulate or visually display results of
individual studies and syntheses.

13d

Describe any methods used to synthesize results and provide a rationale
for the choice(s). If meta-analysis was performed, describe the model(s),
method(s) to identify the presence and extent of statistical heterogeneity,
and software package(s) used.

13e

Describe any methods used to explore possible causes of heterogeneity
among study results (e.g. subgroup analysis, meta-regression).
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13f | Describe any sensitivity analyses conducted to assess robustness of the 7
synthesized results.
Reporting bias 14 | Describe any methods used to assess risk of bias due to missing results 7
assessment in a synthesis (arising from reporting biases).
Certainty 15 | Describe any methods used to assess certainty (or confidence) in the 7
assessment body of evidence for an outcome.
RESULTS
Study selection 16a | Describe the results of the search and selection process, from the 7, Fig. 1
number of records identified in the search to the number of studies
included in the review, ideally using a flow diagram.
16b | Cite studies that might appear to meet the inclusion criteria, but which 7
were excluded, and explain why they were excluded.
Study 17 | Cite each included study and present its characteristics. 7-8
characteristics
Risk of bias in 18 | Present assessments of risk of bias for each included study. 8, Supplemental
studies material
Results of 19 | For all outcomes, present, for each study: (a) summary statistics for each | 7, Table 1
individual studies group (where appropriate) and (b) an effect estimate and its precision
(e.g. confidence/credible interval), ideally using structured tables or
plots.
Results of syntheses 20a | For each synthesis, briefly summarise the characteristics and risk of bias | 8, Table 1,
among contributing studies. Additional file 1
20b | Present results of all statistical syntheses conducted. If meta-analysis 8, Table 2
was done, present for each the summary estimate and its precision (e.g.
confidence/credible interval) and measures of statistical heterogeneity. If
comparing groups, describe the direction of the effect.
20c | Present results of all investigations of possible causes of heterogeneity 8, Table 2
among study results.
20d | Present results of all sensitivity analyses conducted to assess the 8, Supplemental
robustness of the synthesized results. material
Reporting biases 21 | Present assessments of risk of bias due to missing results (arising from Supplemental
reporting biases) for each synthesis assessed. material
Certainty of 22 | Present assessments of certainty (or confidence) in the body of evidence | Supplemental
evidence for each outcome assessed. material
DISCUSSION
Discussion 23a | Provide a general interpretation of the results in the context of other 9-10
evidence.
23b | Discuss any limitations of the evidence included in the review. 12
23c | Discuss any limitations of the review processes used. 12
23d | Discuss implications of the results for practice, policy, and future 11
research.
OTHER INFORMATION
Registration and 24a | Provide registration information for the review, including register name | 5
protocol and registration number, or state that the review was not registered.
24b | Indicate where the review protocol can be accessed, or state that a 5
protocol was not prepared.
24c | Describe and explain any amendments to information provided at Not applicable
registration or in the protocol.
Support 25 | Describe sources of financial or non-financial support for the review, 13
and the role of the funders or sponsors in the review.
Competing interests 26 | Declare any competing interests of review authors. 13
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Availability of data, 27 | Report which of the following are publicly available and where they can | 13
code and other be found: template data collection forms; data extracted from included
materials studies; data used for all analyses; analytic code; any other materials

used in the review.
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Fig. S1. Funnel plot for mortality at the longest follow-up available
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Fig. S2. Forest plot for mortality at the longest follow-up according to the indication of venoarterial extracorporeal membrane
oxygenation

Mechanical unloading Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% ClI
1.10.1 Cardiogenic shock
Ro SK 2014 42 60 139 193 7.1% 0.97 [0.81, 1.17] 2014 —
Aso S 2016 298 533 344 533 14.2% 0.87[0.79, 0.96] 2016 -
Pappalardo F 2017 10 21 31 42 1.4% 0.65 [0.40, 1.05] 2017 .
Brechot N 2018 28 63 35 63 2.5% 0.80[0.56, 1.14] 2018 —_—
Schrage B 2020 145 255 162 255 10.1% 0.90[0.78, 1.03] 2020 -
Grandin EW 2022 1719 3079 1805 3079 20.6% 0.95 [0.91, 0.99] 2022 =
Radakovic D 2022 33 57 43 57 4.1% 0.77 [0.59, 1.00] 2022 I
Bjornsdottir B 2022 73 114 66 114 6.1% 1.11 [0.90, 1.36] 2022 T
Park H 2023 14 30 15 30 1.2% 0.93 [0.55, 1.58] 2023 I E—
Kim MC 2023 27 58 26 58 2.1% 1.04 [0.70, 1.54] 2023 A
Subtotal (95% Cl) 4270 4424 69.4% 0.92 [0.87, 0.98] ¢
Total events 2389 2666

Heterogeneity: Tau? = 0.00; Chi? = 11.43,df =9 (P = 0.25); I? = 21%
Test for overall effect: Z = 2.80 (P = 0.005)

1.10.2 ECPR

Kuroki N 2021 Non-ACS 44 68 45 68 4.8% 0.98 [0.77, 1.25] 2021 E— —
Kuroki N 2021 ACS 33 59 46 59 4.2% 0.72 [0.55, 0.93] 2021 I —
Thevathasan T 2023 24 34 31 34 4.9% 0.77 [0.61, 0.99] 2023 —
Kashiura M 2023 293 421 349 421 16.7% 0.84[0.78, 0.91] 2023 -
Subtotal (95% CI) 582 582 30.6% 0.83 [0.77, 0.90] 3
Total events 394 471

Heterogeneity: Tau? = 0.00; Chi? = 3.27,df = 3 (P = 0.35); 1> = 8%
Test for overall effect: Z = 4.43 (P < 0.00001)

Total (95% CI) 4852 5006 100.0% 0.89 [0.84, 0.94] ¢
Total events 2783 3137
Heterogeneity: Tau? = 0.00; Chi? = 23.27, df = 13 (P = 0.04); |> = 44% :O > 055 T é

Test for overall effect: Z = 3.84 (P = 0.0001)

Favours unloading Favours control
Test for subgroup differences: Chi? = 3.89, df = 1 (P = 0.05), I> = 74.3% 9

ACS, acute coronary syndrome; ECPR, extracorporeal cardiopulmonary resuscitation

48



Fig. S3. Forest plot for mortality at the longest follow-up in studies with low risk of bias

Mechanical unloading Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% ClI
Ro SK 2014 42 60 139 193 7.6% 0.97 [0.81, 1.17] 2014 —
Aso S 2016 298 533 344 533  14.9% 0.87 [0.79, 0.96] 2016 =
Pappalardo F 2017 10 21 31 42 1.6% 0.65 [0.40, 1.05] 2017 I —
Brechot N 2018 28 63 35 63 2.8% 0.80[0.56, 1.14] 2018 —
Schrage B 2020 145 255 162 255 10.7% 0.90[0.78, 1.03] 2020 -
Kuroki N 2021 ACS 33 59 46 59 4.5% 0.72 [0.55, 0.93] 2021
Kuroki N 2021 Non-ACS 44 68 45 68 5.1% 0.98 [0.77, 1.25] 2021 —
Bjornsdottir B 2022 73 114 66 114 6.5% 1.11 [0.90, 1.36] 2022 B B
Grandin EW 2022 1719 3079 1805 3079 21.2% 0.95 [0.91, 0.99] 2022 =
Kashiura M 2023 293 421 349 421 17.5% 0.84 [0.78, 0.91] 2023 -
Thevathasan T 2023 24 34 31 34 5.3% 0.77 [0.61, 0.99] 2023 —_—
Kim MC 2023 27 58 26 58 2.3% 1.04 [0.70, 1.54] 2023 S A—
Total (95% CI) 4765 4919 100.0% 0.89 [0.84, 0.95] ¢
Total events 2736 3079
Heterogeneity: Tau® = 0.00; Chi® = 21.62, df = 11 (P = 0.03); I> = 49% I I

I
0.2 0.5 1 2

Test for overall effect: Z = 3.49 (P = 0.0005) Favours unloading Favours control
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Fig. S4. Trial sequential analysis for mortality at the longest follow-up
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Fig. S5. Forest plot for major hemorrhage

Mechanical unloading Control Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Pappalardo F 2017 8 21 12 42 6.9% 1.33 [0.65, 2.75] 2017 .
Schrage B 2020 98 255 45 252 18.0% 2.15[1.58, 2.93] 2020 -
Bjornsdottir B 2022 47 114 46 114 17.8% 1.02 [0.75, 1.40] 2022 —
Grandin EW 2022 551 3079 420 3079 25.8% 1.31[1.17,1.47] 2022 =
Thevathasan T 2023 31 34 29 34  23.7% 1.07 [0.90, 1.27] 2023 -
Kim MC 2023 6 58 8 58 4.1% 0.75[0.28, 2.03] 2023 — T
Park H 2023 6 30 5 30 3.6% 1.20 [0.41, 3.51] 2023 B R —
Total (95% Cl) 3591 3609 100.0% 1.27 [1.02, 1.59] L3
Total events 747 565

ity 2 _ . iZ = = = 12 = 9 I 1 } |
Heterogeneity: Tau® = 0.04; Chi“ = 19.74, df = 6 (P = 0.003); I* = 70% 0.01 01 1 10 100

Test for overall effect: Z = 2.17 (P = 0.03)
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Fig. S6. Forest plot for hemolysis

Mechanical unloading Control Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Pappalardo F 2017 16 21 14 42  22.5% 2.29[1.40, 3.73] 2017 —a—
Schrage B 2020 79 235 43 192 33.6% 1.50[1.09, 2.06] 2020 -
Grandin EW 2022 136 3079 116 3079 39.6% 1.17 [0.92, 1.49] 2022 . 5
Thevathasan T 2023 4 34 3 34 4.3% 1.33[0.32,5.51] 2023 e
Total (95% Cl) 3369 3347 100.0% 1.49 [1.10, 2.02] <
Total events 235 176

P 2 _ - Chi2 — _ — 12 = £30 } } ; {
Heterogeneity: Tau® = 0.05; Chi 6.34,df = 3 (P = 0.10); | 53% 01 01 i o 100

Test for overall effect: Z = 2.54 (P = 0.01)
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Fig. S7. Forest plot for renal replacement therapy

Mechanical unloading Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% ClI Year M-H, Random, 95% ClI
Aso S 2016 141 533 150 533 14.8% 0.94 [0.77, 1.14] 2016 -
Pappalardo F 2017 10 21 8 42 5.2% 2.50[1.16, 5.39] 2017
Brechot N 2018 41 63 45 63 13.9% 0.91[0.72, 1.16] 2018 -
Schrage B 2020 148 253 99 253 15.0% 1.49[1.24, 1.80] 2020 -
Radakovic D 2022 16 57 29 57 8.9% 0.55 [0.34, 0.90] 2022 B
Bjornsdottir B 2022 53 114 64 114 13.6% 0.83 [0.64, 1.07] 2022 =
Kim MC 2023 27 58 24 58 10.3% 1.13 [0.74, 1.70] 2023 B
Thevathasan T 2023 14 34 14 34 7.6% 1.00[0.57, 1.77] 2023 —
Park H 2023 19 30 18 30 10.6% 1.06 [0.71, 1.57] 2023 -
Total (95% CI) 1163 1184 100.0% 1.03 [0.83, 1.27]
Total events 469 451

Heterogeneity: Tau? = 0.07; Chi? = 31.57, df = 8 (P = 0.0001); I> = 75%
Test for overall effect: Z = 0.24 (P = 0.81)
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Fig. S8. Forest plot for limb ischemia

Mechanical unloading Control Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% ClI
Schrage B 2020 55 255 31 252 26.6% 1.75[1.17, 2.63] 2020 L—I—
Grandin EW 2022 281 3079 270 3079 49.2% 1.04 [0.89, 1.22] 2022
Radakovic D 2022 0 57 3 57 0.9% 0.14 [0.01, 2.70] 2022 ¢
Bjornsdottir B 2022 16 114 11 114 12.1% 1.45[0.71, 3.00] 2022 B
Thevathasan T 2023 3 34 3 34 3.2% 1.00 [0.22, 4.61] 2023
Kim MC 2023 3 58 4 58 3.6% 0.75[0.18, 3.20] 2023 ——
Park H 2023 4 30 4 30 4.4% 1.00 [0.28, 3.63] 2023 S E—
Total (95% CI) 3627 3624 100.0% 1.20 [0.91, 1.60] »
Total events 362 326

[T 2 . 22 .2 0, I 1 1 |
Heterogeneity: Tau® = 0.04; Chi = 8.27,df =6 (P = 0.22); I = 27% 501 oh 1 ) 100

Test for overall effect: Z = 1.29 (P = 0.20)
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Fig. S9. Forest plot for stroke

Mechanical unloading Control Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% ClI Year M-H, Random, 95% ClI
Schrage B 2020 16 230 22 242  11.8% 0.77[0.41, 1.42] 2020 A-i
Grandin EW 2022 137 3079 124 3079 79.9% 1.10[0.87, 1.40] 2022
Park H 2023 8 30 4 30 3.8% 2.00[0.67, 5.94] 2023 B B —
Thevathasan T 2023 3 34 1 34 0.9% 3.00[0.33, 27.42] 2023
Kim MC 2023 6 58 5 58 3.5% 1.20[0.39, 3.71] 2023 R
Total (95% CI) 3431 3443 100.0% 1.10 [0.89, 1.35] *
Total events 170 156

H . 2 . =2 .12 0, Il Il |
Heterogeneity: Tau® = 0.00; Chi* = 3.30, df = 4 (P = 0.51); I = 0% 01 1 10 100

Test for overall effect: Z = 0.84 (P = 0.40)
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Fig. S10 Forest plot for bridge to heart transplant or durable ventricular assist device

Mechanical unloading Control Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Pappalardo F 2017 4 21 4 42 10.2% 2.00[0.55, 7.22] 2017 R
Brechot N 2018 10 63 15 63 32.5% 0.67[0.32, 1.37] 2018 — &
Bjornsdottir B 2022 6 114 4 114 11.0% 1.50[0.43, 5.17] 2022 —_—t—
Park H 2023 12 30 11 30 40.8% 1.09 [0.57, 2.07] 2023 —a—
Kim MC 2023 3 58 2 58 5.5% 1.50 [0.26, 8.65] 2023 -
Total (95% CI) 286 307 100.0% 1.04 [0.69, 1.57] <o
Total events 35 36

T 2 . 2 .2 9 | f |
Heterogeneity: Tau® = 0.00; Chi = 2.99, df = 4 (P = 0.56); I = 0% 0.01 01 i 10 100

Test for overall effect: Z = 0.20 (P = 0.84) Favours unloading Favours control
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Fig. S11 Forest plot for favorable neurological outcome

Mechanical unloading Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Kashiura M 2023 61 421 26 421 B88.2% 2.35[1.51, 3.64] 2023
Thevathasan T 2023 10 34 3 34 11.8% 3.33 [1.00, 11.06] 2023 o
Total (95% Cl) 455 455 100.0% 2.45 [1.62, 3.69] L
Taotal events 71 29

Heterogeneity: Tau® = 0.00; Chi* = 0.29,df = 1 (P = 0.59); I = 0%

Test for overall effect: Z = 4,25 (P < 0.0001) 0.01 0.1 1 10 100

Favours control Favours unloading
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Table S1. Major exclusions and reasons for exclusion, in order of year of publication

Author, year

Reason for exclusion

Schrage B, 2016 (1)

Congress abstract

Lee H, 2016 (2)

Congress abstract

Lin LY, 2016 (3)

Lack of mortality data after matching

Hou G, 2016 (4)

Wrong population

Ostadal P, 2017 (5)

Wrong population

Rivera M, 2017 (6)

Congress abstract

Zipfel S, 2018 (7)

Congress abstract

Kuroki N, 2018 (8)

Congress abstract

Reichenspurner H, 2018 (9)

Congress abstract

Scatola A, 2019A (10)

Congress abstract

Scatola A, 2019B (11)

Congress abstract

Singh A, 2019A (12)

Congress abstract

Zaid S, 2019 (13)

Congress abstract

Ok YJ, 2019 (14)

Wrong study design

Patel SM, 2019 (15)

Wrong study design

Singh A, 2019B (16)

Wrong study design

Tepper S, 2019 (17)

Wrong study design

Akanni O, 2019 (18)

Wrong study design

Barge-Caballero, 2019 (19)

Wrong study design

Ye FM, 2021 (20)

Full text unavailable

Thevathasan T, 2021 (21)

Congress abstract

Ibrahim M, 2021 (22)

Study protocol

Djordjevic I, 2021 (23)

Wrong study design

Kim AR, 2021 (24)

Wrong study design

Hasde Al, 2021 (25)

Wrong study design

Udongwo N, 2022 (26)

Congress abstract

Chen X, 2022 (27)

Full text unavailable

Hendrickson MJ, 2022 (28)

Wrong study design

Kida H, 2022 (29)

Wrong study design

Gaisendrees C, 2022 (30)

Wrong study design
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Denisenko A, 2022 (31)

Lack of mortality data after matching

Unoki T, 2022 (32)

Wrong intervention

Bogerd M, 2023 (33)

Congress abstract

Pan CL, 2023 (34)

Full text unavailable

Ginder K, 2023 (35)

Congress abstract

Girish A, 2023 (36)

Congress abstract

Kieserman J, 2023 (37)

Congress abstract

Yeo I, 2023 (38)

Congress abstract

Char S, 2023 (39)

Wrong study design

Kim MC, 2023 (40)

Study protocol

Radakovic D, 2023 (41)

Wrong intervention

Arafat AA, 2023 (42)

Wrong study design

ISRCTN82431978 (43)

Clinical trial registration without study data

NCT05577195 (44)

Clinical trial registration without study data

NCT05913622 (45)

Clinical trial registration without study data

NCT03431467 (46)

Clinical trial registration without study data
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Table S2. Risk of bias assessment of included studies

ROB-2 tool for randomized controlled trials

Risk of bias domains

> ® @
©
=
Z ® &6 @6 ¢ © ©
Domains: Judgement
D1: Bias arising from the randomization process.
D2: Bias due to deviations from intended intervention. ‘ Some concerns
D3: Bias due to missing outcome data. . Low

D4: Bias in measurement of the outcome.
D5: Bias in selection of the reported result.

ROBINS-I tool for non-randomized studies

Risk of bias domains

Study

0000000 OO®®
000000 OOOO®
P00 OOOO®

000000 OOOO®
@000 OOOO®S®

Domains: Judgement
D1: Bias due to confounding.

D2: Bias due to selection of participants. = Moderate
Da3: Bias in classification of interventions. . Low

D4: Bias due to deviations from intended interventions.

D5: Bias due to missing data.

D6: Bias in measurement of outcomes.

D7: Bias in selection of the reported result.
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Table S3. GRADE evaluation

Certainty assessment Ne of patients “

Ne of panical LV Relati Absolut Certainty Importance
o of . ' . . . - . . mechanical elative solute
studies Study design Risk of bias Inconsistency Indirectness Imprecision Other considerations loading (95% Cl) (95% Cl)

Mortality at the longest follow-up

13 randomised serious? not serious not serious not serious none 2783/4852 (57.4%) | 3137/5006 (62.7%) RR 0.89 69 fewer per O CRITICAL
trials and (0.84 t0 0.94) 1,000 @ @ @
non- (from 100 Moderate
randomized fewer to 38
studies fewer)

S ful VA-ECMO

7 randomised serious? serious® not serious not serious none 631/873 (72.3%) 615/1027 (59.9%) RR1.15 90 more per @ @ O O CRITICAL
trials and (1.02t0 1.29) 1,000
non- (from 12 Low
randomized more to 174
studies more)
Major hemorrhage
7 randomised serious? seriouse not serious not serious none 747/3591 (20.8%) 565/3609 (15.7%) RR1.27 42 more per @ @ O O CRITICAL
trials and (1.02 to 1.59) 1,000
observational (from 3 more Low
studies to 92 more)
Hemolysis
4 non- not serious serious? not serious not serious none 235/3369 (7.0%) 176/3347 (5.3%) RR 1.49 26 more per @ @ @ O IMPORTANT
randomised (1.10t0 2.02) 1,000
studies (from 5 more Moderate
to 54 more)

Renal replacement therapy

9 randomised serious? seriouse not serious serious none 469/1163 (40.3%) 451/1184 (38.1%) RR1.03 11 more per IMPORTANT
trials and (0.83t0 1.27) 1,000 GBOOO
non- (from 65 Very low
randomized fewer to 103
studies more)
Limb ischemia
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Certainty assessment Ne of patients “

Ne of mechanical LV Relative Absolute Certainty Importance
o . ) . . . e ’ " i (\7 u
studies Study design Risk of bias Inconsistency Indirectness Imprecision Other considerations loading (95% CI) (95% CI)
7 randomised serious? seriousd not serious not serious none 362/3627 (10.0%) 326/3624 (9.0%) RR 1.20 18 more per @ @ O O IMPORTANT
trials and (0.91t0 1.60) 1,000
non- (from 8 fewer Low
randomized to 54 more)
studies
Stroke
5 randomised serious? not serious not serious not serious none 170/3431 (5.0%) 156/3443 (4.5%) RR 1.10 5 more per @ @ @ O IMPORTANT
trials and (0.89 to 1.35) 1,000
non- (from 5 fewer Moderate
randomized to 16 more)
studies
Bridge to heart transplant or durable VAD
5 randomised serious? not serious not serious serioush none 35/286 (12.2%) 36/307 (11.7%) RR1.04 5 more per @ @ O O IMPORTANT
trials and (0.69 to 1.57) 1,000
non- (from 36 Low
randomized fewer to 67
studies more)
Favorable neurological outcome
2 Non- serious? not serious not serious serioush none 71/455 (15.6%) 29/455 (6.4%) RR 2.45 92 more per @ @ O O IMPORTANT
randomized (1.62 to 3.69) 1,000
studies (from 40 Low
more to 172
more)

Cl: confidence interval; RR: risk ratio; VA-ECMO: venoarterial extracorporeal membrane oxygenation; VAD: ventricular assist device

Explanations

a. Non-randomised studies were included.

b. Criteria to wean VA-ECMO were not standardized across studies.

c. Considerable heterogeneity

d. Diagnosis of hemolysis was not standardized across studies.

e. Criteria to initiate renal replacement therapy were not standardized across studies.

f. Criteria to initiate renal replacement therapy were not defined.

g. Diagnosis of limb ischemia was not standardized across studies.

h. The sample size was small.
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