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Mechanical Circulatory Support for
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BACKGROUND: Mechanical circulatory support (MCS) is increasingly used during complex high-risk indicated percutaneous coro-
nary intervention, yet whether different support strategies improve clinical outcomes remains uncertain. We sought to compare
the efficacy and safety of individual MCS strategies with standard care and with each other at short- and long-term follow-up.

METHODS: This frequentist random-effects network meta-analysis included randomized trials of patients undergoing nonemer-
gent complex high-risk indicated percutaneous coronary intervention and comparing percutaneous left ventricular assist de-
vices, intra-aortic balloon pump, venoarterial extracorporeal membrane oxygenation, or standard care. The primary efficacy
outcome was major adverse cardiovascular events. Secondary outcomes included death, myocardial infarction, stroke, or
repeat revascularization, and periprocedural major adverse events.

RESULTS: Eight trials (h=1856) were included. At 30days, no MCS was associated with lower major adverse cardiovascular events
compared with standard care, though percutaneous left ventricular assist devices (risk ratio [RR] 0.30, 95% CI 0.10-0.90) and
intra-aortic balloon pump (RR 0.26, 95% CI 0.07-0.90) reduced periprocedural major adverse events. At a weighted mean of 10.8
months, no significant differences in major adverse cardiovascular events were observed with percutaneous left ventricular assist
devices (incidence rate ratio 0.79; 95% Cl 0.47-1.35), intra-aortic balloon pump (incidence rate ratio 0.89, 95% CI 0.52—1.54), or
venoarterial extracorporeal membrane oxygenation (incidence rate ratio 1.47, 95% CI 0.64-3.40) compared with standard care.
Consistently, no MCS strategy reduced death, myocardial infarction, stroke, or repeat revascularization.

CONCLUSIONS: Among patients undergoing complex high-risk indicated percutaneous coronary intervention, MCS did not
improve clinical outcomes, despite fewer periprocedural adverse events with percutaneous left ventricular assist devices and
intra-aortic balloon pump. These findings do not support routine prophylactic use and suggest that MCS should be limited to
selected patients.

Key Words: extracorporeal membrane oxygenation m intraaortic balloon pump ® mechanical circulatory support ® microaxial flow
pump | percutaneous coronary intervention ® percutaneous left ventricular assist device

oronary artery disease involving the left main morbidity and mortality, particularly among patients
coronary artery and/or anatomically complex  with severely reduced left ventricular systolic function.!
multivessel disease is associated with increased In this population, coronary artery bypass grafting is
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CLINICAL PERSPECTIVE
What Is New?

e |n this network meta-analysis of 8 randomized
trials including 1856 patients undergoing non-
emergent complex high-risk indicated percu-
taneous coronary intervention, prophylactic
mechanical circulatory support with percutane-
ous left ventricular assist devices or intra-aortic
balloon pump did not reduce short- or long-
term ischemic clinical outcomes compared with
standard care, despite fewer periprocedural
hemodynamic adverse events. The effect of
venoarterial extracorporeal membrane oxy-
genation remained unclear, with large Cls com-
patible with both benefit and harm, reflecting its
more limited evidence base.

What Are the Clinical Implications?

e These findings do not support routine prophy-
lactic mechanical circulatory support during
complex high-risk indicated percutaneous cor-
onary intervention, suggesting that mechanical
circulatory support should be limited to highly
selected patients based on anticipated hemo-
dynamic vulnerability, procedural complexity,
and bleeding or vascular access risk.

e The subgroup of patients undergoing complex
high-risk indicated percutaneous coronary in-
tervention who may derive the greatest clinical
benefit from prophylactic mechanical circula-
tory support remains largely unknown and war-
rants further investigation in future randomized
studies.

Nonstandard Abbreviations and Acronyms

CHIP complex high-risk indicated
percutaneous coronary intervention

IABP intra-aortic balloon pump

IRR incidence rate ratio

MACE major adverse cardiovascular events

MCS mechanical circulatory support

pLVAD percutaneous left ventricular assist
device

VA-ECMO venoarterial extracorporeal

membrane oxygenation

the preferred revascularization strategy.? However,
many patients are not candidates for surgery because
of advanced age, significant comorbidity burden, and
poor distal targets, leading to high operative risk and
frequent surgical turndown.®
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Percutaneous coronary intervention (PCl) may be
considered in selected patients deemed unsuitable
for coronary artery bypass grafting.? In this setting,
PCl is often technically complex, frequently involving
severe coronary calcification, bifurcation disease, and
chronic total occlusions."* These procedures, com-
monly referred to as complex high-risk indicated PCI
(CHIP), are associated with an increased risk of intrap-
rocedural ischemia, which may further impair left ven-
tricular function, precipitate hemodynamic instability,
and worsen periprocedural outcomes."* Anticipation
or actual occurrence of these complications may lead
to deviation from the intended revascularization plan,
suboptimal PCI, or incomplete revascularization, re-
sulting in worse long-term outcomes.

Mechanical circulatory support (MCS) devices, in-
cluding percutaneous left ventricular assist device
(PLVAD), intra-aortic balloon pump (IABP), and ve-
noarterial extracorporeal membrane oxygenation (VA-
ECMO), have emerged as an adjunctive option in CHIP,
aiming to provide hemodynamic assistance during
procedure-related ischemia associated with transient
vessel occlusion during balloon angioplasty and stent-
ing, coronary blood flow reduction related to catheter-
ization and intracoronary guidewires and devices, or in
case of intraprocedural complications, which are more
frequent in challenging coronary artery disease set-
tings.3* By limiting myocardial ischemia and maintain-
ing cardiac output and systemic perfusion, MCS may
reduce periprocedural hemodynamic compromise
and its sequelae and facilitate optimal procedural tech-
nigues and more complete revascularization, ultimately
improving clinical short- and long-term outcomes.3#

Despite increasing use, individual randomized trials
evaluating MCS in CHIP are most often characterized
by modest sample sizes and a primary focus on surro-
gate or procedural outcomes, leaving uncertainty about
their influence on clinically meaningful outcomes.>~'4
Although the recent CHIP-BCIS3 (Controlled Trial of
High-Risk Coronary Intervention with Percutaneous
Left Ventricular Unloading) trial has expanded the con-
temporary randomized evidence base, comparative
data among different MCS devices remains limited."
Accordingly, we performed a systematic review and
network meta-analysis of randomized trials to evaluate
the relative effectiveness and safety of individual MCS
devices and standard care during CHIP.

METHODS

This meta-analysis was prospectively registered in
PROSPERO, the International Prospective Register
of Systematic Reviews (registration number:
CRD420261330062), and conforms to the Preferred
Reporting ltems for Systematic Reviews and Meta-
Analyses for Network Meta-Analyses (PRISMA-NMA)
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recommendations.'® The PRISMA-NMA Checklist has
been included in the Supplemental Material. Ethics
committee approval was not required because the
study was based exclusively on aggregate data from
previously published randomized trials.

Availability of Data

The database compiled for the present meta-analysis
and the statistical analysis scripts used to generate the
reported results are available from the corresponding
author upon reasonable request.

Eligibility Criteria

Studies were considered eligible if they: (i) enrolled
patients undergoing nonemergent CHIP, as defined
by the individual trials, generally involving anatomically
and procedurally complex coronary artery disease
and/or severely impaired left ventricular systolic func-
tion; (i) provided random allocation to MCS or stand-
ard care and/or to different MCS devices; (iii) reported
at least one prespecified outcome of interest. Studies
were excluded if: (i) they included patients with cardio-
genic shock at randomization; (i) and/or with acute ST-
segment—elevation myocardial infarction. No language
restrictions were applied.

Search Strategy, Data Selection,
Extraction, and Qualitative Assessment
PubMed, Web of Science, and Cochrane Central
Register of Controlled Trials were screened from their
inception through March 31, 2026. The search strategy
is presented in Table S1. Additionally, websites of major
cardiovascular societies and conference proceed-
ings were screened, and backward citation chasing
of previously identified studies was performed. After
removing duplicates across databases, 2 co-authors
(M.S.M., S.F) independently screened articles at the
title and abstract level. Then, full texts of the remaining
reports that potentially met the inclusion criteria based
on the titles and abstracts were assessed for eligibility.
Discrepancies among reviewers were resolved by con-
sensus under the supervision of a third author (K.B.).
Reports belonging to the same trial were combined
before inclusion in the meta-analysis. Key trial-level
and arm-level data were extracted by 2 co-authors
(K.B., C.L). The included trials were independently as-
sessed for bias by 2 co-authors (K.B., C.L.) using the
Cochrane risk-of-bias tool for randomized trials, ver-
sion 2 (RoB 2),'6 and any discrepancies were resolved
by consensus. Publication bias was examined through
visual inspection of comparison-adjusted funnel plots.
Formal testing of asymmetry with the Egger test had
been prespecified if the number of included trials was
greater than 10.
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Outcomes

The primary efficacy outcome was a study-defined
composite of major adverse cardiovascular events
(MACE). When multiple definitions of MACE were re-
ported, definitions that more closely aligned with the
Academic Research Consortium definition (ie, a com-
posite of all-cause death, any myocardial infarction,
any stroke, or any repeat revascularization) were pri-
oritized." Secondary outcomes included the follow-
ing individual outcomes: all-cause death, myocardial
infarction, stroke, repeat revascularization, and study-
defined periprocedural major adverse events (prior-
itizing composite outcomes comprising prolonged
hypotension, malignant arrhythmia, and cardiopul-
monary resuscitation). Both primary and secondary
outcomes were assessed at short-term (30days or,
if unavailable, hospital discharge) and at the longest
available follow-up (except for periprocedural major
adverse events). The safety outcomes included major
bleeding, any bleeding, and vascular complications, all
assessed short term.

Statistical Analysis

The analysis was performed in the intention-to-treat
population. Risk ratios (RRs) and incidence rate ratios
(IRRs) with corresponding 95% Cls were used as meas-
ures of relative treatment effect for short- and long-term
outcomes, respectively, the latter accounting for variable
follow-up duration across trials by expressing events as
rates per person-time rather than proportions.

A frequentist random-effects network meta-analysis
using both direct and indirect evidence on treatment
effects was conducted to compare the following
nodes: standard care, pLVAD, IABP, and VA-ECMO. A
0.5 continuity correction was used for trials with zero
events in either arm.

Between-study heterogeneity was assumed
to follow a single common variance (t°) across all
comparisons within each outcome network, which
is reasonable given the sparse number of trials in-
forming most individual comparisons and the clini-
cal comparability of the included trial populations; 2
was estimated using the DerSimonian-Laird method.
Heterogeneity in the network meta-analysis was as-
sessed using the Cochrane Q statistic, 2, and 12,
and categorized as low, moderate, or high based
on I? values of <25%, 25% to 50%, and >50%, re-
spectively. Because 1?2 depends on trial precision as
well as true heterogeneity, these categories served
only as a descriptive reference; heterogeneity was
interpreted primarily through 2, the between-study
variance on the log effect scale. Assuming normally
distributed true effects, 1 implies an expected mul-
tiplicative difference of exp(y2x1) between the true
effects of any 2 individual trials, allowing comparison
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against the pooled treatment effect to gauge clinical
relevance.'®

Network meta-analysis further assumes consis-
tency between direct and indirect evidence, relying
on transitivity across trials with respect to effect
modifiers other than randomized treatment; given
the comparability of trial populations and clinical
context, transitivity was considered plausible. Local
inconsistency was checked by splitting direct and in-
direct evidence (Separate Indirect from Direct Design
Evidence [SIDDE] method) and formally testing the
contrast.

To illustrate the network configuration, network
plots were generated. Relative treatment effects were
presented in forest plots, using standard care as the
reference treatment, and league tables. Treatments
were ranked using the surface under the cumula-
tive ranking curve, which can be interpreted as the
estimated fraction of competing treatments that a
given treatment outperforms. Surface under the
cumulative ranking curve values range from 0 to 1,
with higher values indicating that a treatment is esti-
mated to outperform a greater fraction of competing
treatments.'®

A prespecified sensitivity analysis was performed
by limiting the studies to trials evaluating devices ap-
proved in the United States and Europe to reduce
heterogeneity arising from differences in device
type, availability, and regulatory status across trials.
An additional sensitivity analysis was performed by
restricting the trials to those that tested contem-
porary devices. Moreover, as a post hoc sensitivity
analysis addressing potential bias from rare-event
trials in the primary contrast-based frequentist 2-
stage network meta-analysis, a one-stage, arm-
based Bayesian network meta-analysis was fitted
directly to observed event counts per person-years.
Long-term outcomes were modeled with a Poisson
likelihood (log link) using event counts and person-
time to estimate IRRs; short-term outcomes were
modeled analogously using a modified Poisson ap-
proach, with patients at risk as the exposure, to es-
timate RRs. Random-effects models used weakly
informative priors and were fitted via Hamiltonian
Monte Carlo sampling (4 chains, 4000 iterations,
2000 warm-up).

Finally, within trials directly comparing any MCS with
standard care, an exploratory pairwise meta-analysis
was performed after collapsing individual MCS device
classes into a single group to assess the overall effect
of MCS versus standard care.

A 2-tailed P value less than 0.05 was considered
significant. All statistical analyses were conducted in R
version 4.3.2 (R Foundation for Statistical Computing,
Vienna, Austria).
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RESULTS

Study Selection, Characteristics of
Included Trials, and Bias Assessment

After removing duplicates, 690 unique records were
identified and screened by title and abstract, and
13 were assessed for eligibility. Of them, 5 records
were excluded, with ST-segment—elevation myocar-
dial infarction presentation being the most common
exclusion criterion (Table S2). Finally, 8 randomized
trials were included in the meta-analysis.’>'* The flow
diagram illustrating the study identification process is
included in Figure S1. The inclusion and exclusion cri-
teria of individual studies pooled in the meta-analysis
are shown in Table S3. Briefly, the trials consistently in-
cluded hemodynamically stable patients with reduced
left ventricular ejection fraction undergoing elective
CHIP. Two trials compared standard care with IABP,5"°
one with pLVAD,'* and another with VA-ECMQ,'° while
four compared different MCS devices.®8"13 |In the
pLVAD arms, Impella 2.5 was the most tested device
(30.8%), followed by Impella CP (20.9%). The main
characteristics of the included trials are provided in
Table. CHIP definitions, details on tested devices, and
MCS characteristics are shown in Table S4.

A total of 1856 patients, with a weighted mean
age of 66.0years and 17.3% women, were included.
Among them, 727 were randomized to pLVAD sup-
port, 512 to IABP, 273 to VA-ECMO, and 344 to stan-
dard care. The weighted mean Synergy Between
Percutaneous Coronary Intervention with Taxus and
Cardiac Surgery score was 35, indicating high angio-
graphic complexity of coronary artery disease, and the
average left ventricular ejection fraction was 28%. The
baseline clinical, angiographic, and procedural char-
acteristics were overall comparable across the trials,
suggesting no major violations of the transitivity as-
sumption underlying indirect comparisons (Tables S5
and S6).

Two trials were deemed at low risk of bias, whereas
the other 6 raised some concerns, mostly because of
potential bias in the selection of reported outcomes
(Figure S2). The visual inspection of the comparison-
adjusted funnel plots did not reveal asymmetry, sug-
gesting the absence of publication bias (Figure S3).

Network Meta-Analysis

Available outcomes across the included studies, and
the components of MACE and periprocedural major
adverse events, are presented in Tables S7 and S8.
The network configuration showed closed loops
across all analyzed outcomes (Figure S4). The event
rates across individual trials and per arm are shown in
Tables S9 and S10.



9202 ‘€2 $800100 U0 Aq Bio'sfeuino feye/:dny wouy papeojumoq

Bujak et al

MCS for Nonemergent CHIP

Table. Characteristics of Included Trials
No. of patients
Tested (intervention/ Primary safety | Primary efficacy
Trial Year Intervention Control device control) end point end point Follow-up*
CHIP-BCIS3 2026 pLVAD Standard care Impella CP 148/151 NA Hierarchical 22 mo
composite end (median)
point at minimum
12 mo
Pan et al 2025 VA-ECMO Standard care VA-ECMO 33/33 Life-threatening | Reduction in 12 mo
complications SYNTAX score
during PCI after PCI
SAVE-PCI 2025 pLVAD IABP NyokAssist 113/115 NA MACCE at 30-d 1mo
REC- 2025 pLVAD VA-ECMO CorVad 133/127 MAE at 30 d NA 3 mo
CHIPMCS 4.0/6.0
PERSIST Il 2025 pLVAD VA-ECMO SynFlow 3.0 109/113 MAE at 30 d NA 3 mo
Zelias et al 2020 IABP Standard care IABP 27/9 Composite NA 12 mo
hemodynamic
end point
PROTECT Il 2012 IABP pLVAD Impella 2.5 219/224 MAE at 30 d NA 3 mo
BCIS-1 2010 IABP Standard care IABP 151/150 NA MACCE 1 mo
at hospital (MACCE); 51
discharge mo (death)

BCIS-1 indicates the Balloon Pump-Assisted Coronary Intervention Study; CHIP-BCIS3, Controlled Trial of High-Risk Coronary Intervention with Percutaneous
Left Ventricular Unloading; IABP, intra-aortic balloon pump; MACCE, major adverse cardiac and cerebrovascular events; MAE, major adverse events; NA, not
applicable; PCI, percutaneous coronary intervention; pLVAD, percutaneous left ventricular assist device; PERSIST ll, Prospective Evaluation for Receiving
SynFlow 3.0 Interventional Circulatory Support in High-Risk PCl; PROTECT I, Prospective, Randomised Clinical Trial of Haemodynamic Support With Impella
2.5 Versus IABP in Patients Undergoing High-Risk PCl; REC-CHIPMCS, Interventional Ventricular Assist System for PCI in Complex High-Risk Indicated PCI
Patients; SAVE-PCI, NyokAssist Small-Bore pVAD versus IABP in Elective High-Risk PCl; SYNTAX, Synergy Between Percutaneous Coronary Intervention with
Taxus and Cardiac Surgery; and VA-ECMO, veno-arterial extracorporeal membrane oxygenation.

*Refers to the longest available follow-up.

Primary and Secondary Efficacy at
Short-Term Follow-Up

At short term, no significant reduction in MACE
was observed with pLVAD (RR 0.50; 95% CI 0.15-
1.69; P=0.27), IABP (RR 0.61; 95% CI 0.25-1.51;
P=0.29), or VA-ECMO (RR 0.92; 95% CI 0.19-4.39;
P=0.92) compared with standard care (Figure 1).
Similarly, no significant differences emerged across
individual MCS devices in the network estimates
(Table S11). Between-study heterogeneity was mod-
erate (°=43.9%; 1°=0.26; P=0.15), corresponding to
an expected ~2-fold difference in true RR between
individual trials, and no evidence of inconsistency be-
tween direct and indirect comparisons was identified
(Table S12).

Both pLVAD (RR 0.30; 95% CI 0.10-0.90; P=0.03)
and IABP (RR 0.26; 95% CI 0.07-0.90; P=0.03) were
associated with lower rates of periprocedural major ad-
verse events compared with standard care, whereas
VA-ECMO was not (RR 0.45; 95% CI 0.12-1.69; P=0.24)
(Figure 1). No significant differences were observed
among individual devices (Table S11). Heterogeneity
was high (°=58.1%; 1°=0.32; P=0.07), corresponding
to an expected ~2.2-fold difference in true RR be-
tween individual trials. Significant local inconsistency
was observed for the comparison between plLVAD
and standard care (P =0.04) (Table S12). In

inconsistency

J Am Heart Assoc. 2026;15:052609. DOI: 10.1161/JAHA.126.052609

ranking analyses, IABP had the highest surface under
the cumulative ranking curve value (0.797), followed by
pLVAD (0.722).

No individual MCS strategy was associated with
a reduction in all-cause death, myocardial infarction,
stroke, or repeat revascularization at short-term fol-
low-up. Heterogeneity remained low across all sec-
ondary efficacy outcomes, with no evidence of local
inconsistency (Figure 1; Tables S11 and S12).

Primary and Secondary Efficacy
Outcomes at the Longest Available
Follow-Up

At a weighted mean follow-up of 10.8 months, nei-
ther pLVAD (IRR 0.79; 95% CI 0.47-1.35; P=0.40),
IABP (IRR 0.89; 95% CI 0.52-1.54; P=0.68), nor VA-
ECMO (IRR 1.47; 95% CI 0.64-3.40; P=0.36) was as-
sociated with reduced MACE compared with standard
care (Figure 2). No significant differences were ob-
served among individual MCS devices in the network
comparisons (Table S11). Heterogeneity was moder-
ate (°=39.4%; 1°=0.09; P=0.14), corresponding to an
expected ~1.5-fold difference in true IRR between
individual trials, and local inconsistency was found
for the comparisons of VA-ECMO versus standard
care (P =0.03) and VA-ECMO versus pLVAD

inconsistency
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Short-term outcomes RR (95% Cl) P-value 12
MACE 43.9%
pLVAD —— 0.50 (0.15-1.69) 0.265

IABP —i— 0.61(0.25-1.51) 0.288
VA-ECMO —— 0.92 (0.19 - 4.39) 0.916

All-cause death 7.4%
pLVAD 1.09 (0.18 — 6.48) 0.924

IABP 1.08 (0.20 — 5.74) 0.925
VA-ECMO 1.18 (0.15 - 9.00) 0.875
Myocardial infarction 0%
pLVAD 1.30 (0.62 — 2.74) 0.488

IABP 0.95 (0.54 — 1.66) 0.844
VA-ECMO 1.19(0.12-11.88) 0.885

Stroke 20.2%
pLVAD L 0.24 (0.02 - 3.36) 0.288

IABP —®— 0.62(0.07-5.41) 0.667
VA-ECMO L 0.33 (0.02-4.72) 0.417

Repeat revascularization 0%
pLVAD —— 0.20 (0.03 — 1.47) 0.115

IABP —— 0.50 (0.09 — 2.68) 0.418
VA-ECMO L 0.35(0.03 - 4.81) 0.436
Periprocedural MAE 58.1%
pLVAD —i— 0.30 (0.10 — 0.90) 0.031

IABP —— 0.26 (0.07 — 0.90) 0.033
VA-ECMO —— 0.45 (0.12 - 1.69) 0.236

0.61 0!1 0}5 1| é EIS 1‘0
Favors MCS Favors Standard Care
Figure 1. Forest plot presenting the results of network meta-analysis for the primary and

secondary efficacy outcomes at short-term follow-up.
The forest plot presents network estimates for the comparisons of individual MCS devices with standard
care. IABP indicates intra-aortic balloon pump; MACE, major adverse cardiovascular events; MAE, major
adverse events; MCS, mechanical circulatory support; pLVAD, percutaneous left ventricular assist device;

RR, risk ratio; and VA-ECMO, veno-arterial extracorporeal membrane oxygenation.

(Pinconsistency=0-03), with direct and indirect estimates
going in different directions (Table S12).

For secondary efficacy outcomes, the weighted mean
follow-up was 10.8 months, except for all-cause death
(14.1 months). The risks of all-cause death, myocardial
infarction, stroke, and repeat revascularization remained
not significantly different across all MCS strategies and
standard care, with low heterogeneity and no detectable
local inconsistency (Figure 2; Tables S11 and S12).

J Am Heart Assoc. 2026;15:052609. DOI: 10.1161/JAHA.126.052609

Safety Outcomes

The rates of safety outcomes were low overall. No sig-
nificant differences in major bleeding were observed,
but there was a trend toward higher risk of any bleed-
ing with IABP compared with standard care (RR 1.53;
95% CI 0.98-2.42; P=0.06). Similarly, vascular com-
plications did not differ significantly across strategies,
although pLVAD showed a trend toward higher risk ver-
sus standard care (RR 1.71; 95% CI 0.97-3.01; P=0.07).
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Long-term outcomes IRR (95% Cl) P-value &
MACE 39.4%
pLVAD 0.79 (0.47 — 1.35) 0.396

IABP I 0.89 (0.52 — 1.54) 0.678
VA-ECMO —— 1.47 (0.64 — 3.40) 0.364
All-cause death 18.6%
pLVAD - 1.19 (0.74 — 1.93) 0.474

IABP - 0.72 (0.46 — 1.13) 0.153
VA-ECMO — B 1.99 (0.57 - 7.00) 0.282
Myocardial infarction 0%
pLVAD 0.74 (0.42 - 1.30) 0.297

IABP 0.86 (0.51 — 1.43) 0.550
VA-ECMO 1.31 (0.16 — 10.58) 0.800

Stroke 0%
pLVAD —i 0.50 (0.16 — 1.60) 0.243

IABP — @  1.37(0.33-5.79) 0.667
VA-ECMO —®— 0.72(0.10-5.12) 0.743

Repeat revascularization 0%
pLVAD —— 0.26 (0.05 - 1.29) 0.100

IABP —— 0.50 (0.11 — 2.16) 0.353
VA-ECMO —— 0.25 (0.04 — 1.64) 0.150

0.61 Of1 0ﬁ5 4 é EIS 1[0
Favors MCS Favors Standard Care

Figure 2. Forest plot presenting the results of network meta-analysis for primary and secondary
efficacy outcomes at the longest available follow-up.

The forest plot presents network estimates for the comparisons of individual MCS devices with
standard care. IABP indicates intra-aortic balloon pump; IRR, incidence rate ratio; MACE, major adverse
cardiovascular events; MCS, mechanical circulatory support; pLVAD, percutaneous left ventricular assist
device; and VA-ECMO, veno-arterial extracorporeal membrane oxygenation.

No significant heterogeneity or inconsistency was ob-
served for these outcomes (Figure 3; Tables S11 and
S$12).

Sensitivity and Exploratory Analyses

In sensitivity analyses restricted to MCS devices ap-
proved in the United States and Europe, pLVAD was
associated with a higher incidence rate of long-term
all-cause death compared with IABP (IRR 1.84; 95%
Cl 1.22-2.79; P=0.004), whereas no significant differ-
ences were observed among the remaining strategies.
Conversely, pLVAD was associated with a lower inci-
dence rate of long-term repeat revascularization com-
pared with standard care (IRR 0.19; 95% CI 0.04-0.94;
P=0.04).

J Am Heart Assoc. 2026;15:052609. DOI: 10.1161/JAHA.126.052609

All other findings were directionally consistent with
the primary analysis, with only minor variations likely at-
tributable to reduced statistical power after restricting
the network, and no local inconsistency (Tables S13
through S16).

Similarly, the results of the repeated analysis, re-
stricted to trials testing contemporary devices, were
generally consistent with the main findings (Tables S17
through S20).

In a 1-stage Bayesian sensitivity analysis model-
ing arm-level event counts directly, effect estimates
for the primary outcome were consistent in direction
and magnitude with the primary analysis (Table S21).
Across secondary and safety outcomes, point esti-
mates were generally directionally concordant with the
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Safety outcomes

Major bleeding

pLVAD -+

IABP T
VA-ECMO

P-value E

0%

RR (95% Cl)

1.57 (0.77 — 3.20) 0.215
1.15 (0.49 — 2.69) 0.753

0.93 (0.10 — 8.54) 0.948

Any bleeding 0%
pLVAD —— 1.58 (0.78 — 3.23) 0.205
IABP —— 1.54 (0.98 — 2.42) 0.063
VA-ECMO i 0.93 (0.10 — 8.59) 0.952
Vascular complications 0%

pLVAD — 1.71(0.97-3.01)  0.065

IABP ———®—— 346 (0.79-15.16)  0.100

VA-ECMO ——®—— 3.01(0.62-14.62) 0.172
01 051 2 5 10

VFavors MCS Favors Standard Caré

Figure 3. Forest plot presenting the results of network meta-analysis for the safety outcomes.

The forest plot presents network estimates for the comparisons of individual MCS devices with
standard care. IABP indicates intra-aortic balloon pump; MCS, mechanical circulatory support; pLVAD,
percutaneous left ventricular assist device; RR, risk ratio; and VA-ECMO, veno-arterial extracorporeal

membrane oxygenation.

primary 2-stage analysis; however, credible intervals
were considerably wider for outcomes with few ob-
served events, reflecting uncertainty in the estimates
(Table S21).

In the exploratory pairwise meta-analysis, MCS in-
creased the risk of any bleeding compared with stan-
dard care (RR 1.54; 95% CI 1.05-2.26; P=0.03), with
no other significant differences in primary or second-
ary outcomes (Figure S5).

DISCUSSION

In this network meta-analysis of 8 randomized trials,
including 1856 hemodynamically stable patients un-
dergoing nonemergent CHIP, prophylactic MCS did
not improve ischemic clinical outcomes compared with
standard care, either in the early postprocedural phase
or at the longest available follow-up. The absence of sig-
nificant differences was consistent across MCS device
classes for MACE and its major individual components,
including death, myocardial infarction, stroke, and re-
peat revascularization. However, Cls for VA-ECMO
were wide and compatible with both benefit and harm,
such that only extreme effects could be excluded, re-
flecting its more limited evidence base. On the other
hand, both pLVAD and IABP were associated with

J Am Heart Assoc. 2026;15:052609. DOI: 10.1161/JAHA.126.052609

fewer periprocedural major adverse events, comprising
prolonged hypotension, malignant arrhythmia, and car-
diopulmonary resuscitation, suggesting that temporary
hemodynamic support may enhance hemodynamic
stability during the procedure, although without trans-
lating into improved long-term clinical outcomes.

Unlike previous meta-analyses that incorporated
both observational and randomized data, the present
analysis was restricted to randomized trials to minimize
confounding.?®?" Moreover, whereas prior evidence
syntheses often combined cardiogenic shock and
CHIP populations, we focused exclusively on hemo-
dynamically stable patients undergoing nonemergent
CHIP, a distinct clinical scenario in which MCS is used
prophylactically during planned high-risk revasculariza-
tion rather than as rescue therapy for overt hemody-
namic collapse.?? In addition, by including the recent
CHIP-BCIS3," the present analysis provides the most
up-to-date overview of comparative evidence on pre-
ventive MCS use for CHIP. Importantly, the accrued
sample size substantially exceeds that of the largest
individual trial in this field,® allowing a more precise and
statistically robust assessment of clinically relevant
outcomes.

The findings of the meta-analysis consistently reflect
some important conclusions of landmark trials. In the



9202 ‘€2 $800100 U0 Aq Bio'sfeuino feye/:dny wouy papeojumoq

Bujak et al

BCIS-1 (Balloon Pump-Assisted Coronary Intervention
Study), elective IABP use did not improve early clini-
cal outcomes, although a lower risk of death was later
reported during long-term follow-up, but these results
were based on administrative data rather than formal
event adjudication.”® The mechanism underlying this
late mortality finding remained unclear.”® Similarly, the
PROTECT Il (Prospective, Randomised Clinical Trial of
Haemodynamic Support With Impella 2.5 Versus IABP
in Patients Undergoing High-Risk PCI) showed no
meaningful difference in early adverse events between
Impella 2.5 and IABP, despite numerically favorable
trends with pLVAD support at 90 days.®® More recently,
the CHIP-BCIS3 trial extended these observations to
Impella CP, again showing no reduction in major ad-
verse clinical outcomes at a minimum follow-up of 12
months.'* Taken together, these trials suggest that the
procedural hemodynamic advantages of MCS do not
necessarily translate into fewer ischemic events in the
long term.

The distinction between periprocedural hemody-
namic stability and long-term prognosis remains clini-
cally important. The reduction in periprocedural major
adverse events observed with pLVAD and IABP is
mechanistically plausible, as temporary support may
attenuate the hemodynamic consequences of pro-
longed ischemia during complex procedural steps, in-
cluding atherectomy, left main intervention, bifurcation
treatment, or prolonged balloon inflations.® However,
long-term outcomes in CHIP are likely determined pre-
dominantly by factors extending beyond the proce-
dure itself, including the severity of baseline ventricular
dysfunction, residual coronary disease burden, com-
pleteness of revascularization, follow-on medication
optimization, and non-cardiovascular comorbidities.!
As a result, any procedural hemodynamic benefit may
be diluted by these competing determinants of risk.

At the same time, any potential advantage must be
interpreted alongside the possibility of device-related
harm. Although no statistically significant differences
in bleeding or vascular complications were observed,
there were directional trends toward more vascular
complications and more bleeding with MCS. Given that
these outcomes were relatively infrequent and not uni-
formly reported across all trials, the absence of a signif-
icant difference should not be interpreted as evidence
that excess harm is absent, particularly in the setting
of large-bore support devices. Importantly, although
there were directional trends toward more vascular
and bleeding complications with MCS, these events
did not necessarily translate into worse hard clinical
outcomes in the present analysis. Nevertheless, it re-
mains plausible that a reduction in procedure-related
hemodynamic instability may, at least in part, be offset
by access-site or bleeding complications, supporting
careful patient selection for MCS based on procedural
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complexity, anticipated hemodynamic vulnerability,
and the risk of access-related complications. Whether
future device and sheath miniaturization may mitigate
these safety signals remains uncertain, although the
development of lower-profile support systems, such
as the 9 French Impella ECP, may potentially reduce
access-site and vascular complications.*

Nonetheless, these data should not be interpreted
as arguing against the selective use of MCS in all cases.
Indeed, although the enrolled patients consistently rep-
resented a high-risk population with severely reduced
left ventricular function and complex coronary anatomy,
it remains possible that patients considered to be at
the highest anticipated risk may have been underrep-
resented because prophylactic support was deemed
necessary upfront. This is an inherent challenge in ran-
domized CHIP studies and may reduce the ability to de-
tect benefits in the subgroup most likely to derive them.
In patients perceived to be at the highest procedural
risk, the potential acute benefits of MCS, particularly
avoiding severe hemodynamic compromise, may exert
a greater influence than potential longer-term benefits
related to more complete revascularization. However,
previous large, randomized trials have not clearly iden-
tified such patients," and it remains uncertain whether
ongoing studies will adequately clarify which specific
clinical features, hemodynamic profiles, severity of left
ventricular dysfunction, coronary anatomy, or a combi-
nation thereof define this population.

In addition, the recent CHIP-BCIS3 trial demon-
strated similar rates of complete revascularization be-
tween study arms, although patients in the non-pLVAD
arm more frequently underwent staged procedures.'
This observation raises the possibility that alternative
strategies, including optimization of guideline-directed
medical therapy before CHIP, intentional staging of
procedures, improved preprocedural planning, and
procedural techniques aimed at reducing ischemic
time and burden, may reduce the need for prophylac-
tic MCS in selected patients. Taken together, while the
present analysis does not support routine prophylac-
tic MCS use, a potential role in carefully selected pa-
tients cannot be excluded, particularly in the setting of
limited hemodynamic reserve, poor tolerance to pro-
longed ischemia, or procedures in which the quality or
completeness of revascularization might otherwise be
compromised.*

An additional consideration relates to generaliz-
ability across device platforms. Although Impella CP
is currently the most widely adopted support device
in CHIP, it represented only a minority of supported
patients in the present data set. Nevertheless, pLVADs
not available in the United States or Europe that were
included in the main analysis (and excluded in a pre-
specified sensitivity analysis) shared a similar micro-
axial design and provided comparable peak flow to
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Impella CP*"-"3 although direct randomized compari-
sons between those devices are lacking. Reassuringly,
both sensitivity analyses, restricted to contemporar-
ily available devices and to devices approved in the
United States and Europe, remained generally direc-
tionally consistent with the primary findings. Within the
latter restricted analysis, the isolated signal of lower
repeat revascularization with pLVAD compared with
standard care should be interpreted cautiously in an
unblinded setting. Likewise, the apparent mortality
excess in the pLVAD versus IABP comparison, but
not relative to standard care, more likely reflects the
difficult-to-interpret low mortality observed with IABP
in the BCIS-1 trial, rather than a true adverse effect of
pLVAD support.”

The ongoing PROTECT IV trial (NCT04763200), the
largest randomized controlled trial in this field and the
first adequately powered for long-term clinical outcomes,
will provide important supplementary evidence.?® By
randomizing 1252 patients with complex coronary ar-
tery disease and reduced left ventricular ejection fraction
who are deemed at excessive surgical risk, and by incor-
porating a 3-year composite end point including death,
ischemic events, and heart failure hospitalizations, the
trial is expected to clarify whether routine Impella CP
support during high-risk PCI can improve long-term clin-
ical outcomes.?® Importantly, the trial also incorporates
several mechanistic sub-studies, including an explor-
atory right heart catheterization hemodynamic sub-study
designed to evaluate the prognostic utility of invasive he-
modynamic assessment during high-risk PCl and its role
in guiding MCS weaning, which may provide additional
insights into patient selection and procedural manage-
ment strategies.?® Until those data become available, the
present meta-analysis represents the most complete
synthesis of randomized evidence in this setting.

This study has some limitations. First, as a trial-
level meta-analysis, it was based on aggregate rather
than patient-level data, limiting the ability to identify
subgroups most likely to benefit from MCS. Similarly,
the available data did not allow assessment of poten-
tial sex-, or race-related differences in the treatment
effects of MCS among patients undergoing CHIP, al-
though such disparities may influence outcomes in
other high-risk settings, including acute myocardial in-
farction complicated by cardiogenic shock.?* Second,
definitions of MACE and periprocedural major adverse
events varied across trials, although the consistency
of findings across individual ischemic end points sup-
ports the robustness of the main conclusions. Third,
local inconsistency was observed in selected net-
work comparisons. However, the included trials ap-
plied broadly similar inclusion and exclusion criteria
and enrolled clinically comparable CHIP populations,
suggesting that these signals are more likely related
to imprecision and sparse data than to a true violation
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of transitivity. Fourth, although different devices were
grouped within some MCS categories, their overall
technical characteristics and hemodynamic support
profiles were broadly similar. Finally, the evidence base
remains limited for some device classes, particularly
VA-ECMO, and Cls for several short-term outcomes,
including safety end points, were wide, reflecting lower
precision for these estimates despite synthesis of the
total available randomized evidence.

CONCLUSIONS

In patients undergoing CHIP, prophylactic MCS with
pLVAD or IABP was not associated with improved
short- or long-term ischemic clinical outcomes, de-
spite enhancing hemodynamic stability during the
procedure. The effect of VA-ECMO remained unclear,
with wide Cls reflecting limited evidence. Overall, these
findings do not support routine prophylactic use and
suggest that any potential role for MCS should be lim-
ited to highly selected patients.
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