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Background: The optimal timing for mechanical circulatory support (MCS) initiation in patients with acute myocardial infarction
complicated by cardiogenic shock (CS) is unknown, so in this study we analyzed whether MCS implementation before percutaneous
coronary intervention (PCI) is associated with better outcomes compared to after PCI.

Methods and Results: We conducted a systematic review and meta-analysis using a random-effects model to account for potential
heterogeneity. Risk ratios and 95% confidence intervals were used for dichotomous outcomes. PubMed, Web of Science, and CEN-
TRAL were searched up to April 30, 2023. Certainty of evidence was evaluated according to the Risk of Bias in Non-Randomized
Studies of Interventions-I tool. A total of 14 observational studies met the inclusion criteria. We found that venoarterial-extracorporeal
membrane oxygenation (VA-ECMO) may have little to no positive effect on short-term survival, but the evidence was very uncertain.
Impella use probably increases short-term survival (moderate certainty of evidence), whereas the timing of intra-aortic balloon pump
(IABP) insertion improves outcomes (very low certainty of evidence). Pre- and post-PCl MCS implementation may result in little to
no difference in bleeding complications or stroke incidence across all device types (low to very low certainty of evidence).

Conclusions: Early Impella implementation before PCI may increase short-term survival, whereas the timing of ECMO or IABP
implementation may have little to no effect on outcomes; however, the evidence is very uncertain.
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dial infarction (AMI) have cardiogenic shock (CS)
despite appropriate management.# Despite the
widespread adoption of early reperfusion therapy and
advancements in mechanical circulatory support (MCS),
the mortality rate of AMI complicated by CS remains high

!- pproximately 10% of patients with acute myocar-

at 30-50%.512 Therefore, the need for more focused and
specific interventions for these patients is crucial.!?

CS secondary to AMI is characterized by a state of low
cardiac output due to cardiac ischemia, leading to hypo-
tension and generalized multiple organ failure. Furthermore,
a progressive negative cycle of inflammation, ischemia,
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vasoconstriction, and cardiac overload often persists and
ultimately leads to death.1415 To break this negative cycle,
early reperfusion therapy to resolve myocardial ischemialé
and early initiation of MCS to stabilize hemodynamic
instability is essential.1217-1 However, the optimal sequence
of interventions (i.e., whether early revascularization or
MCS should be initiated first) remains controversial.

To clarify this issue, we analyzed whether MCS before
revascularization is associated with better outcomes in
patients with AMI-related CS.

Methods

The Japan Resuscitation Council (JRC) CS Task Force for
the 2025 JRC guidelines was established by the Japanese
Circulation Society and the Japanese Society of Internal
Medicine. The JRC CS Task Force established 10 clinically
relevant questions for systematic reviews.? In this study,
we examined the research question regarding the effect of
timing of MCS initiation for patients with CS.

We aimed to assess all available studies to resolve the
following research question: “In patients with acute coro-
nary syndromes complicated by CS, what should be pri-
oritized: early revascularization or introduction of MCS
first (ECMO, Impella, or IABP)?”

P (patients): Patients with AMI-related CS

I (intervention): Revascularization before MCS

C (comparisons, controls): Revascularization after MCS

O (outcomes): Short-term survival (survival to discharge

and 1 or 3-month survival), bleeding and stroke as criti-

cal outcomes

S (study designs): Observational studies (there were no

randomized controlled trials)

T (timeframe): All literature published up to April 30,

2023.

In clinical studies that included various causes of CS,
patients with non-MI causes were excluded, as were studies
that did not assess timing. This study protocol was pre-
registered in the Open Science Framework (OSF registry;
doi:10.17605/0SF.10/69XQF). The systematic review and
meta-analysis were performed in accordance with the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines.?!

Search Strategies

We identified relevant research trials by searching elec-
tronic databases, including PubMed, Web of Science Core
Collection (Science Citation Index Expanded, since 1973),
and the Cochrane Library (CENTRAL). Using terms
determined by the review team, the search was conducted
up to April 30, 2023. Articles published in English and
Japanese were included; however, Japanese articles with-

out English abstracts were excluded.

Study Selection

After removing duplicates, the title and abstract were
screened and sequentially excluded based on the eligibility
criteria by 2 investigators (A.K.-Y. and K.S.). When
uncertainty remained after screening the title and abstract,
full-text articles were independently reviewed by both
investigators. After excluding case reports, case series,
reviews, guidelines, animal studies, and studies that did not
clearly report original clinical data in humans relevant to
the primary review question, the 2 reviewers independently
assessed the full-text of potentially eligible studies to con-
firm the inclusion and exclusion criteria (second screening).
Any disagreements were resolved through discussions
involving a third reviewer (K.H.) until a consensus was
reached.

The primary objective was to investigate the effect of the
timing of MCS introduction before or after percutaneous
coronary intervention (PCI) in patients with AMI-related
CS.

Risk of Bias Assessment

The risk of bias in all included studies was centrally
assessed by 2 reviewers (A.K.-Y. and K.H.) using the Risk
of Bias in Non-Randomized Studies of Interventions
(ROBINS-I) tool.22 Each study was evaluated across 7
domains, and the overall risk of bias was categorized as
low, moderate, serious, or critical or classified as no infor-
mation based on these assessments. Disagreements
between the reviewers regarding the risk of bias in specific
studies were resolved through discussion.

Rating the Certainty of Evidence

We used the Grading of Recommendations Assessment,
Development, and Evaluation (GRADE) tool to rate the
certainty of the evidence on the effect of the timing of MCS
introduction before or after PCI in patients with AMI-
related CS. The certainty of the evidence was classified as
“high”, “moderate”, “low”, or “very low” by evaluating
the risk of bias, inconsistency, indirectness, imprecision,
and publication bias.

Statistical Analysis

The meta-analysis was conducted using unadjusted results
from retrospective studies, including risk ratios (RR) with
95% confidence intervals (CI). Pooled estimates were cal-
culated using a random-effects model to account for poten-
tial heterogeneity. RRs and 95% CIs were used for
dichotomous outcomes. P<0.05 indicated a statistically
significant difference. Statistical heterogeneity was assessed
based on the 12 value to quantify inconsistency: an 12 value
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>50% was considered indicative of substantial heterogene-
ity.2? Additionally, Cochran’s Q test was performed to
assess the statistical significance of heterogeneity. Potential
publication bias was examined using funnel plots. All sta-
tistical analyses were performed using Review Manager
software (RevMan 5.4.1).

Results

Study Selection

Our search retrieved 2,142 items from PubMed, 2,603
items from the Web of Science and 299 items from
CENTRAL, of which 1,437 were duplicates. After screen-
ing for content, wrong publication type, wrong study
design, wrong population and different outcome, 3,593
items were excluded. Finally, 14 studies were evaluated
(Figure 1).

Study Characteristics

All 14 included studies were observational in design.
Regarding MCS types, 3 studies evaluated venoarterial-
extracorporeal membrane oxygenation (VA-ECMO), 7
examined Impella, and 5 investigated intra-aortic balloon
pump (IABP); 1 study (Helgestad et al.#?) included both
Impella and TABP groups. All studies focused on CS
caused by AMI, with 4 studies specifically examining
patients with acute ST-segment elevation myocardial
infarction (STEMI). Detailed characteristics of the indi-
vidual studies are presented in Table 1.

Risk of Bias

Figure 2 illustrates the short-term survival outcomes,
Figure 3 shows the bleeding outcomes and Figure 4 pres-
ents the stroke outcomes for all MCS devices with risk of
bias tables. A visual assessment of funnel plots did not
indicate evidence of publication bias (Supplementary
Figures 1-3).

Primary Outcome: Short-Term Survival

Patients who received any MCS pre-PCI may experience
little to no effect on short-term survival compared to those
who received MCS post-PCI, but the evidence was very
uncertain (RR 1.38, 95% CI: 1.14-1.68, very low certainty
of evidence) (Figure 2A, Table 2). Significant heterogeneity
was observed among the studies (I?=71%). Patients who
underwent VA-ECMO pre-PCI may have little to no effect
on short-term survival compared to those receiving VA-
ECMO post-PCI (RR 1.75, 95% CI: 0.99-3.09, very low
certainty of evidence) (Figure 2B-i, Table 2). There was
moderate heterogeneity (I12=66%). Impella implementation
pre-PCI probably results in an increase in short-term
outcomes compared to post-PCI Impella use (RR 1.63,
95% CI: 1.39-1.91, moderate certainty of evidence)
(Figure 2B-ii, Table 2). There was no significant heteroge-
neity observed among the studies (I>=0%). In contrast, the
timing of IABP implementation did not affect short-term
outcomes between pre- and post-PCI implementation (RR
1.01, 95% CI: 0.76-1.34, very low certainty of evidence)
(Figure 2B-iii, Table 2). Moderate to substantial heteroge-
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Table 1. Summary of Included Studies

. Sample size
Authors Year Country Study design Obseryatnon (MCS before/  Type of MCS Population
period
after PCI)
Kim et al.34 2021 Korea Retrospective 2013-2016 117/67 VA-ECMO Nationwide,
study prospective registry
Choi et al.38 2020 Korea Retrospective 2004-2018 50/97 VA-ECMO Single-center
study registry
Huang et al.¢ 2018 Taiwan Retrospective 2005-2014 12/34 VA-ECMO Single-center
study prospective registry
Chatzis et al.3” 2021 Germany Retrospective 2014-2019 35/46 Impella 2.5 Single-center
study registry
Hemradj et al.38 2020 The Retrospective 2006—2016 21/67 Impella 2.5, Single-center
Netherlands study CP or 5.0 cohort
Schéfer et al.3® 2020 Germany Retrospective 2013-2017 68/98 Impella 2.5 Prospective
study or CP cohort of 4 institutes
Helgestad 2020 Denmark Retrospective cohort  2010-2017 40/40 Impella CP Retrospective
et al.%0 study with PS registry of 2 institutes
matching (RETROSHOCK registry)
Loehnetal#t 2020 Germany Retrospective 2014-2016 34/39 Impella CP Single-center
study registry (Dresden
Impella Registry)
Meraj et al.#2 2017 USA and Retrospective 2009-2015 20/16 Impella 2.5 Multicenter
Europe study retrospective
registry (cVAD registry)
O'Neill etal.#3 2014 USA Retrospective 2009-2012 63/91 Impella 2.5 Multicenter
study retrospective
registry of 47 institutes
USpella Registry
Fuernau et al** 2021 Germany Retrospective 2009-2012 33/242 IABP IABP-SHOCK
study 11 trial
Helgestad 2020 Denmark Retrospective cohort  2010-2017 40/40 IABP Retrospective
et al.40 study with PS registry of 2 institutes
matching (RETROSHOCK registry)
Berghetal®s 2014 Sweden Retrospective 2004-2008 72/67 IABP The SCAAR registry
study
Sjauw et al.#6 2012 The Retrospective 1997-2005 59/140 IABP Single-center
Netherlands study prospective cohort
Abdel-Wahab 2010 Germany Retrospective 2005—2008 26/22 IABP Single-center
et al.47 study retrospective study

neity was observed between these studies (12=73%).

Safety Outcomes

Bleeding Complications The evidence was very uncer-
tain about the effect on bleeding complications between
pre-PCI and post-PCI MCS implementation, regardless of
device type (RR for overall MCS: 0.93, 95% CI: 0.62-1.40;
ECMO: RR 0.76, 95% CI: 0.42-1.37, low certainty of evi-
dence; Impella: RR 0.84, 95% CI: 0.41-1.73, very low
certainty of evidence; IABP: RR 1.34, 95% CI: 0.69-2.62,
low certainty of evidence, respectively) (Figure 3, Table 2).
Considerable heterogeneity was identified in the overall
MCS and Impella analyses (1>=47% and 68%, respec-
tively).

Stroke Pre- and post-PCI MCS implementation
appeared to have uncertain effects on stroke incidence
across all device types (RR for overall MCS: 0.84, 95% CI:
0.42-1.69; ECMO: RR 0.64, 95% CI: 0.15-2.67, very low
certainty of evidence; Impella: RR 0.72, 95% CI: 0.15-3.32,
low certainty of evidence; IABP: RR 1.96, 95% CI: 0.25—
15.66, very low certainty of evidence) (Figure 4, Table 2).
ECMO and TABP analyses exhibited low to moderate and

(Table 1 continued the next page.)

moderate or high heterogeneity, respectively (I>=57% and
39%, respectively).

Discussion

This systematic review and meta-analysis demonstrated
that the introduction of Impella before PCI probably
improves clinical outcomes compared to after PCI in
patients with AMI-related CS. This survival benefit may
not or only be mildly observed with either IABP or
ECMO, but the evidence was very uncertain. Regarding
safety outcomes, the timing of MCS introduction, whether
before or after PCI, did not reduce the risk of major bleed-
ing or stroke. These findings suggest that the timing of
Impella introduction may be a critical factor in optimizing
outcomes for patients with AMI-related CS, whereas the
introduction timing for other support devices may have
less effect on patient prognosis. Previous reports were
mainly based on meta-analyses of retrospectively collected
data from post-hoc subgroup analyses. However, our
study distinctively includes patients who were enrolled in
trials with research protocols that specifically designated
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MCS pre-PCl vs. MCS post-PCI

Primary Secondary outcome

Authors Cause of CS
Age (years) Men (%)
Kim et al.34 AMI 59.9 vs. 61.5 103 (88.0) vs.
69 (88.1)
Choi et al.3® STEMI 61% 66.9 vs. 63.8 37 (74.0) vs.
NSTEMI 39% 78 (80.4)
Huang et al.3¢ STEMI 57.5 vs. 56.9 11 (91.7) vs.
29 (85.3)
Chatzis et al.3” AMI 66.0 vs. 70.2 28 (80.0) vs.
40 (87.0)
Hemradj et al.38 STEMI 60.0 vs. 61.2 18 (85.7) vs.
54 (80.6)
Schéfer et al.3® STEMI 69% 65 vs. 67 NA/NA
NSTEMI 31%
Helgestad AMI 64.5 vs. 65.9 34 (85.5) vs.
et al.40 29 (72.5)
Loehn et al.4 STEMI 66% 72.4 vs. 65.9 30 (76.5) vs.
NSTEMI 34% 27 (69.2)
Meraj et al.#2 AMI 72.6 vs. 66.3 16 (80.0) vs.
12 (75.0)
O’Neill et al.#3 STEMI 75% 66 vs. 63 46 (73.0) vs.
NSTEMI 25% 64 (70.3)
Fuernau et al** AMI 70 vs. 72 22 (66.7) vs.
167 (69.0)
Helgestad AMI 68.8 vs. 69.1 33 (82.5) vs.
et al.40 28 (70.0)
Bergh et al.45 STEMI 66 vs. 66 50 (69.4) vs.
51 (76.1)
Sjauw et al.4¢ STEMI 65.1 vs. 64.6 47 (79.7) vs.
89 (63.6)
Abdel-Wahab AMI 70 vs. 71 23 (88.5) vs.
et al.47 16 (72.7)

outcome (%)

30/117 (25.6) vs.

6/67 (8.9)
36/50 (72.0) vs.

56/97 (57.7) 17/97 (17.5) 13/97 (13.4)
7/12 (58.3) vs. 4/12 (33.3) vs. 3/12 (25.0) vs.
10/34 (29.4) 16/34 (47.1) 7/34 (20.6)
19/35 (54.3) vs. 12/35 (34.3) vs. 0/35 (0) vs.
14/46 (30.4) 6/46 (13.0) 0/46 (0)
11/21 (52.4) vs. 6/21 (28.6) vs. 0/21 (0) vs.
26/67 (38.8) 17/67 (25.4) 2/67 (3.0)
49/68 (72.1) vs. N/A N/A
48/98 (49.0)
24/40 (60.0) vs. N/A N/A
9/40 (22.5)

16/33 (48.5) vs. 8/34 (23.5) vs. 0/34 (0) vs.
9/39 (23.1) 22/39 (56.4) 0/39 (0
11/20 (55.0) vs. 0/20 (0) vs. 1/20 (5.0) vs.
3/16 (18.8) 1/16 (6.3) 1/16 (6.3)

41/63 (65.1) vs.
37/91 (40.7)

21/33 (63.6) vs.

Bleeding (%)
N/A

7/50 (14.0) vs.

9/63 (14.3) vs.
22/91 (24.2)

7/33 (21.2) vs.

Stroke (%)
N/A

2/50 (4.0) vs.

1/63 (1.6) vs.
2/91 (2.2)

1/33 (3.0) vs.

152/241 (63.1) 48/242 (19.8) 1/242 (0.4)

29/40 (72.5) vs. N/A N/A
25/40 (62.5)

42/71 (59.2) vs. 4/72 (5.5) vs. N/A
44/66 (66.7) 0/67 (0)

22/59 (37.3) vs. N/A N/A

84/140 (60.0)

21/26 (80.8) vs.
9/22 (40.9)

6/26 (23.1) vs.
3/22 (13.6)

2/26 (7.7) vs.
2/22 (9.1)

AMI, acute myocardial infarction; CCB, calcium-channel blockade; CCL, cardiac catheterization laboratory; CS, cardiogenic shock; CPR,
cardiopulmonary resuscitation; ED, emergency department; HR, hazard ratio; IABP, intra-aortic balloon pump; ICU, intensive care unit; MCS,
mechanical circulatory support; OR, odds ratio; PCI, percutaneous coronary intervention; PS, propensity score; ROSC, Return of Spontane-
ous Circulation; SBP, systolic blood pressure; STEMI, ST-segment elevation myocardial infarction; VA-ECMO, venoarterial-extracorporeal

membrane oxygenation.

MCS introduction either before or after PCI. Furthermore,
our study differs from previous studies in that we excluded
reports that included cases where MCS was introduced for
high-risk PCI. This methodological difference from prior
research leads to a more direct and intentional evaluation
of the impact of intervention sequencing. However, all
studies included in this meta-analysis were observational,
and the certainty of evidence was judged to be very low to
moderate.

Left ventricular (LV) unloading before reperfusion
reduces LV wall stress and activates signaling pathways
that promote myocardial salvage in the non-infarct zone of
AMI.2#25 In fact, LV unloading using Impella before revas-
cularization reduced LV infarct size in patients with
STEMI.26 This pathophysiological benefit suggests that the
timing of mechanical support relative to revascularization
may be critical for clinical outcomes. However, other than
the DanGer Shock trial, no research has proven the prog-
nostic improvement by Impella.’? This discrepancy

between theoretical benefits and clinical evidence may be
explained by differences in study protocols. In the
IMPRESS in Severe Shock trial, device introduction
before revascularization was limited to just 21% of cases,
potentially diminishing any timing-dependent benefits.?” In
contrast, in the DanGer Shock trial, Impella placement
before PCI was attempted in 89% of patients, implement-
ing the intervention with the optimal pathophysiological
phase suggested by preclinical data. Therefore, the ability
to demonstrate the prognostic improvement effect of
Impella in the DanGer Shock trial might be attributed not
only to the characteristics of the eligible patients but also
to the strategic timing of MCS introduction.

Although VA-ECMO enables full circulatory and respi-
ratory support, it has the disadvantage of becoming an
afterload for the LV. Our findings suggest that introducing
VA-ECMO before PCI might be beneficial despite the very
uncertain evidence. This timing-dependent benefit indi-
cates that early hemodynamic support with VA-ECMO
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MCS pre PCI  MCS post PCI Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, dom, 95% CI M-H, d 95% CI Risk of bias domains
Abdel-Wahab 2010 21 26 9 22 6.2% 1.97 [1.16, 3.37] ‘ ® ' ® ' ® ! ® ! ® ! ® ' ® "’;"
Bergh 2014 42 71 44 66 9.6% 0.89[0.69, 1.15] - 0000 0O0OGO0
Chatzis 2021 19 35 14 46 6.3% 1.78 [1.05, 3.04] — 00000 OGOGO
Choi 2020 36 50 56 97 9.8% 1.25[0.98, 1.59] -'— 000000 0 0
Fuernau 2021 21 33 152 241 9.4% 1.01[0.77, 1.33] -+ R XXX XX IG
Helgestad 2020 53 80 34 80 9.1% 1.56 [1.16, 2.10] _ XXX XXX
Hemradj 2020 11 21 26 67 6.5% 1.35[0.81, 2.24] T 00000 6 0
Huang 2018 7 12 10 34 4.6% 1.98[0.98, 4.02] —'— 00 0OO®O®OO
Kim 2021 30 117 6 67 3.8% 2.86[1.26, 6.52] 00000606060
Loehn 2020 16 33 9 39 4.9% 2.10[1.07, 4.12] I X XX XXX
Meraj 2017 11 20 3 16 2.5% 2.93[0.98, 8.76] 00000 OGOGO
O’Neill 2014 41 63 37 91 9.0% 1.60[1.18, 2.18] - e ® 0 0O
Schifer 2020 49 68 48 98 9.7% 1.47[1.15, 1.89] - 00000000
Sjaw 2012 22 59 84 140 8.4% 0.62 [0.43, 0.89] — 000 © 00 0 0O
Total (95% CI) 688 1104 100.0% 1.38 [1.14, 1.68] L 2 : icoants
Total events 379 532 o
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(B)
(i) VA-ECMO
ECMO pre PCI  ECMO post PCI Risk Ratio Risk Ratio
Study or Subgroup  Events  Total Events Total Weight M-H, d 95% Cl _Year M-H, d 95% ClI
Huang 2018 7 12 10 34 28.6% 1.98[0.98, 4.02] 2018 =
Choi 2020 36 50 56 97  46.7% 1.25[0.98, 1.59] 2020 il
Kim 2021 30 117 6 67 24.7% 2.86 [1.26, 6.52] 2021 I —
Total (95% CI) 179 198 100.0% 1.75 [0.99, 3.09] s
Total events 73 72
Heterogeneity: Tau? = 0.17; Chi® = 5.86, df = 2 (P = 0.05); I* = 66%
P ~ 0.01 0.1 10 100
Test for overall effect: Z = 1.92 (P = 0.05) Favours ECMO post PCI Favours ECMO pre PCI
(i) Impella
Impella pre PCI  Impella post PCI Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, 95% Cl  Year M-H, 95% CI
O’Neill 2014 41 63 37 91 26.8% 1.60[1.18, 2.18] 2014 —
Meraj 2017 11 20 3 16 2.1% 2.93[0.98, 8.76] 2017
Loehn 2020 16 33 9 39 5.6% 2.10[1.07, 4.12] 2020
Schafer 2020 49 68 48 98 40.3% 1.47[1.15, 1.89] 2020 —
Helgestad 2020 24 40 9 40 6.4% 2.67 [1.42,5.00] 2020
Hemradj 2020 11 21 26 67 9.9% 1.35[0.81, 2.24] 2020 I
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Total (95% CI) 280 397 100.0% 1.63 [1.39, 1.91] <&
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Heterogeneity: Tau? = 0.00; Chi? = 5.61, df = 6 (P = 0.47); I? = 0% b os o5 : 2
Test for overall effect: Z = 6.04 (P < 0.00001) Favours Impella post PCI Favours Impella pre PCl
(iii) IABP
IABP pre PCI  IABP post PCI Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Abdel-Wahab 2010 21 26 9 22 14.0% 1.97 [1.16, 3.37]
Bergh 2014 42 71 44 66 22.9% 0.89 [0.69, 1.15]
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Test for overall effect: Z = 0.06 (P = 0.95)

Figure 2. Forest plots for short-term survival. (A) Forest plot for short-term survival and risk of bias domains for all MCS devices.
(B) Forest plots of short-term survival for each MCS device: (i) VA-ECMO, (ii) Impella, (iii) IABP. IABP, intra-aortic balloon pump;
MCS, mechanical circulatory support; PCI, percutaneous coronary intervention; VA-ECMO, venoarterial-extracorporeal membrane

0.1 1 10
Favours IABP post PCI Favours IABP pre PCI

before PCI may create more favorable conditions. How-
ever, early hemodynamic support with VA-ECMO may
simultaneously increase afterload for the LV from the out-
set. These opposing effects might explain why improved
prognoses have not been achieved with VA-ECMO. In a
retrospective study, Pappalardo et al. demonstrated that
concomitant treatment with VA-ECMO and Impella may
improve hospital mortality in patients with CS compared

with VA-ECMO only (47% vs. 80%, P<0.001).2 Considering
these results, early introduction of VA-ECMO with
Impella support could potentially improve outcomes.
Although TABP is widely used as a convenient LV assist
device, the assistive flow rate and LV unloading effect are
inferior to those of Impella. Hence, previous research has
not been able to identify the effectiveness of IABP in reduc-
ing myocardial infarct size,?® and the TABP-SHOCK 1I
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Test for overall effect: Z = 0.86 (P = 0.39)

oxygenation.
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(B)
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Figure 3. Forest plots for bleeding. (A) Forest plot for bleeding and risk of bias domains for all MCS devices. (B) Forest plots of
bleeding for each MCS device: (i) VA-ECMO, (ii) Impella, (iii) IABP. ClI, confidence interval; IABP, intra-aortic balloon pump; MCS,
mechanical circulatory support; PCI, percutaneous coronary intervention; VA-ECMO, venoarterial-extracorporeal membrane

Favoul;s IABP pre PCI Favours IABP post PCI

trial did not find a reduction in the 30-day mortality.5 In
this study, we investigated the potential for improved
outcomes by earlier device introduction before reperfusion
therapy. However, similar to previous reports, our findings
could not demonstrate the effectiveness of IABP.3® Early
introduction of IABP may theoretically contribute to
reducing LV afterload and increasing coronary blood flow;
however, owing to its limited ability to assist circulation, it
likely does not lead to improved prognosis.

Regarding safety endpoints such as major bleeding and

stroke, there was little to no difference between revascular-
ization before or after MCS, similar to previous reports.3!-32
This suggests that the timing of revascularization relative
to MCS introduction may not substantially affect the risk
of these major complications. Therefore, the decision
regarding the sequence of interventions can potentially be
guided primarily by considering hemodynamic stability
and myocardial salvage rather than concerns about bleed-
ing or stroke risk.
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(B)
(i) VA-ECMO
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(ii) Impella
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(iii) IABP
IABP Pre PCI  IABP post PCI Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, d 95% CI M-H, Rand 95% CI
Abdel-Wahab 2010 2 26 2 22 61.1% 0.85[0.13, 5.52]
Fuernau 2021 1 33 1 242  38.9% 7.33[0.47, 114.47] L >
Total (95% CI) 59 264 100.0% 1.96 [0.25, 15.66]
Total events 3 3
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Figure 4. Forest plot for stroke. (A) Forest plot for stroke and risk of bias domains for all MCS devices. (B) Forest plots of stroke
for each MCS device: (i) VA-ECMO, (ii) Impella, (iii) IABP. Cl, confidence interval; IABP, intra-aortic balloon pump; MCS, mechan-
ical circulatory support; PCI, percutaneous coronary intervention; VA-ECMO, venoarterial-extracorporeal membrane oxygenation.

Study Limitations

Several limitations pertaining to our study are worth noting.
First, our analysis included only observational studies,
which is insufficient to provide definitive evidence supporting
our findings. Second, heterogeneity among the included
studies regarding patient selection criteria, definitions of
CS, and procedural characteristics may have influenced the
results. Third, the timing decision between MCS first or
PCI first was not randomized but based on clinical
judgment, which introduces potential selection bias. Fourth,
incomplete reporting of important variables such as door-
to-balloon time, time from shock onset to intervention,

and LV function parameters limited our ability to conduct
more detailed subgroup analyses. Finally, regarding
Impella, management protocols vary across institutions and
have been developing over the past few years.3 Therefore,
differences in the time periods during which studies were
conducted may have affected the results.

Conclusions

The current findings may support the early implementa-
tion of Impella support before coronary revascularization,
while the early introduction of ECMO and IABP might



| Advance Publication |

Early Revascularization vs. MCS in AMI-Related CS

provide little to no benefits in patients with AMI-related
CS. However, it should be noted that the quality of evi-
dence for these conclusions ranges from very low to mod-
erate. Further investigations, including RCT analysis, are
required in the future.
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No. of patients Effect
No. of studies ECMO ECMO Relative Absolute Certainty Importance
pre-PCI post-PCl (95% ClI) (95% ClI)
MCS pre-PCl vs. MCS post-PCl for short-term survival of cardiogenic shock
15 379/688 532/1,104 RR 1.38 183 more per 1,000 DOOO CRITICAL
(55.1%) (48.2%) (1.14-1.68) (from 67 more to 328 more) Very low
Impella pre-PCl vs. Impella post-PCI for short-term survival of cardiogenic shock
7 171/280 146/397 RR 1.63 232 more per 1,000 DODO CRITICAL
(61.1%) (36.8%) (1.39-1.91) (from 143 more to 335 more) Moderate
ECMO pre-PCl vs. ECMO post-PClI for short-term survival of cardiogenic shock
3 73/179 72/198 RR 1.75 273 more per 1,000 DOOO CRITICAL
(40.8%) (36.4%) (0.99-3.09) (from 4 fewer to 760 more) Very low
IABP pre-PCl vs. IABP post-PCl for short-term survival of cardiogenic shock
5 135/229 314/509 RR 1.01 6 more per 1,000 DSOO0O CRITICAL
(59.0%) (61.7%) (0.76-1.34) (from 148 fewer to 210 more) Very low
No. of patients Effect
No. of studies ECMO ECMO Relative Absolute Certainty Importance
pre-PCI post-PCl (95% ClI) (95% ClI)
Impella bleeding
5 35/173 68/259 RR 0.84 42 fewer per 1,000 DSOO0O CRITICAL
(20.2%) (26.3%) (0.41-1.73) (from 155 fewer to 192 more) Very low
ECMO bleeding
2 11/62 33/131 RR 0.76 60 fewer per 1,000 DDOO CRITICAL
(17.7%) (25.2%) (0.42-1.37) (from 146 fewer to 93 more) Low
IABP bleeding
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