Salud, Ciencia y Tecnologia. 2025; 5:2087
doi: 10.56294/saludcyt20252087 AG
EDITOR

REVIEW

Impact of mechanical circulatory support modalities on outcomes in acute
myocardial infarction-related cardiogenic shock undergoing early revascularization:
A systematic review of survival and cardiac function outcomes

Impacto de las modalidades de soporte circulatorio mecanico en los resultados
del shock cardiogénico relacionado con el infarto agudo de miocardio sometido
a revascularizacion temprana: una revision sistematica de los resultados de
supervivencia y funcion cardiaca

Melina Carlos Tovar' 4, Carlos Alfredo Almazan Hernandez?” 4, Felipe Eduardo Macias Prado®” 4, Andrea
Blanco Silva*® 1, Melanie Mishel Ponce Saldaia®“’ <, Jesis Miguel Figueroa Zaldivar®” >4, Cleyber Navarro
Sandoval’ ¥ <

"Instituto mexicano del seguro social, Internal Medicine. Torredn, México.

2Universidad Tominaga Nakamoto, Contemporary Medical Education. Naucalpan de Juarez. Estado de México, México.
3Hospital Alfredo Paulson, Clinical Cardiology. Guayaquil-Ecuador.

“Instituto Mexicano del Seguro Social, Critical Medicine Department. Ciudad de México-México.

*Universidad de San Martin de Porres, Medical Department. Lima, Peru.

®Hospital Civil de Culiacan, Internal Medicine, Culiacan, Sinaloa, México

’Universidad Cientifica del Sur, Rheumatology, Lima Peru.

Cite as: Ponce Saldana MM, Almazan Hernandez CA, Macias Prado FE, Blanco Silva A, Carlos Tovar M, Figueroa Zaldivar JM, et al. Impact
of mechanical circulatory support modalities on outcomes in acute myocardial infarction-related cardiogenic shock undergoing early
revascularization: A systematic review of survival and cardiac function outcomes. Salud, Ciencia y Tecnologia. 2025; 5:2087. https://doi.
org/10.56294/saludcyt20252087

Submitted: 25-03-2025 Revised: 21-06-2025 Accepted: 05-09-2025 Published: 06-09-2025
Editor: Prof. Dr. William Castillo-Gonzalez

Corresponding Author: Melina Carlos Tovar ><
ABSTRACT

Introduction: cardiogenic shock complicates 5,10 % of acute myocardial infarctions and remains associated
with early mortality of approximately 40 %. Mechanical circulatory support devices, including intra-aortic
balloon pump, Impella, and extracorporeal membrane oxygenation, are increasingly applied, yet their effect
on outcomes is uncertain.

Objective: this review aimed to systematically evaluate the impact of intra-aortic balloon pump, Impella,
and extracorporeal membrane oxygenation on survival and left ventricular function in patients with acute
myocardial infarction complicated by cardiogenic shock undergoing early revascularization.

Method: a systematic search of PubMed, ScienceDirect, and the Cochrane Library was conducted up to May
1, 2025. Eligible studies included randomized controlled trials and observational studies assessing intra-
aortic balloon pump, Impella, or extracorporeal membrane oxygenation in acute myocardial infarction-
related cardiogenic shock. Two reviewers independently screened studies, extracted data, and assessed
quality using Cochrane RoB 2.0 and ROBINS-I tools. Sixteen studies encompassing more than 35 000 patients
were included.

Results: across all modalities, mechanical circulatory support did not consistently improve short- or long-
term survival. Randomized trials showed no benefit for intra-aortic balloon pump in survival or ventricular
recovery. Impella use was associated with higher rates of bleeding and vascular complications without mortality
advantage. Extracorporeal membrane oxygenation demonstrated the highest complication rates. Early Impella
deployment showed limited potential for ventricular recovery in select cases, but results were inconsistent.
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Conclusions: despite theoretical hemodynamic benefits, current evidence does not demonstrate consistent
improvements in survival or left ventricular function with intra-aortic balloon pump, Impella, or extracorporeal
membrane oxygenation in acute myocardial infarction complicated by cardiogenic shock. High complication
rates, particularly with Impella and extracorporeal membrane oxygenation, offset potential benefits,
underscoring the need for timely revascularization rather than reliance on mechanical circulatory support.

Keywords: Acute Myocardial Infarction; Cardiogenic Shock; Intra-Aortic Balloon Pump; Ventricular Function;
Left; Extracorporeal Membrane Oxygenation; Mortality.

RESUMEN

Introduccion: el shock cardiogénico complica entre el 5y el 10 % de los infartos agudos de miocardio y se
asocia con una mortalidad temprana cercana al 40 %. Los dispositivos de soporte circulatorio mecanico, como
el balén de contrapulsacion intraaortico, Impella y la oxigenacion con membrana extracorpdrea venoarterial,
se utilizan de manera creciente, aunque su beneficio clinico sigue siendo incierto.

Objetivo: evaluar la efectividad de los principales dispositivos de soporte circulatorio mecanico sobre la
supervivencia y la funcion cardiaca en el shock cardiogénico relacionado con el infarto agudo de miocardio.
Método: se realizd una revision sistematica siguiendo las directrices PRISMA. Se busco en PubMed,
ScienceDirect y Cochrane Library hasta mayo de 2025. Se incluyeron dieciséis estudios con mas de 35 000
pacientes. Dos revisores realizaron de forma independiente la seleccion, extraccion de datos y evaluacion
de calidad con las herramientas Cochrane RoB 2.0 y ROBINS-I.

Resultados: los dispositivos de soporte circulatorio mecanico no demostraron una mejoria consistente en
la supervivencia a corto o largo plazo en pacientes con shock cardiogénico sometidos a intervenciones
coronarias. El balon intraadrtico no mostrd beneficio en ensayos clinicos aleatorizados. Impella se asocié con
mayor sangrado y complicaciones vasculares sin clara ventaja de mortalidad, mientras que la oxigenacion
extracorporea presento la tasa mas alta de complicaciones. El uso temprano de Impella evidencio recuperacion
ventricular en casos seleccionados, aunque de manera inconsistente.

Conclusiones: A pesar de los beneficios hemodinamicos teodricos, la evidencia disponible no respalda un
beneficio sostenido en la supervivencia ni en la funcion ventricular izquierda. Las altas tasas de complicaciones
limitan el impacto clinico de estos dispositivos.

Palabras clave: Infarto del Miocardio; Shock Cardiogénico; Dispositivos de Asistencia Circulatoria; Balon de
Contrapulsacion Intraadrtico; Oxigenacion por Membrana Extracorpérea.

INTRODUCTION

Cardiogenic shock (CS) remains the most severe complication of acute myocardial infarction (AMI) and
continues to be the leading cause of in-hospital mortality among patients who survive to hospital admission.
12 Despite advances in reperfusion strategies and medical therapies, the prognosis of AMI complicated by CS
(AMI-CS) remains poor, with early mortality rates approaching 40 % and rising to 50 % at one year.? Each year,
approximately 40 000 to 50 000 patients in the United States develop AMI-CS, highlighting the significant clinical
and public health burden posed by this condition.® Mechanical circulatory support (MCS) has emerged as a
therapeutic adjunct aimed at stabilizing hemodynamics, supporting coronary perfusion, and allowing myocardial
recovery in patients undergoing early revascularization. Historically, intra-aortic balloon pump (IABP) therapy
dominated practice for decades following its introduction in the 1960s, based on its ability to augment diastolic
coronary blood flow and reduce left ventricular afterload.® However, the IABP-SHOCK Il trial challenged this
paradigm by demonstrating no mortality benefit of IABP use when added to optimal revascularization and
medical therapy.® More recently, percutaneous left ventricular assist devices (pLVADs), such as Impella, have
been increasingly used due to their capacity to deliver substantially greater cardiac output support (2,5-5,5 L/
min) compared with IABP (0,8-1,0 L/min).%® Nonetheless, randomized trials such as IMPRESS have not shown
consistent survival advantages of Impella over IABP, raising questions about their true impact on outcomes.®¢7

Previous systematic reviews and meta-analyses have largely concentrated on short-term mortality
endpoints, often overlooking broader dimensions of patient recovery. In particular, limited attention has been
given to cardiac function recovery, complications such as bleeding or vascular injury, and the role of device
timing in determining outcomes.®? These aspects are critical for guiding device selection, optimizing patient
management, and informing long-term strategies in AMI-CS care. The central problem therefore lies in the
uncertainty regarding the net clinical benefit of MCS in AMI-CS patients treated with early revascularization.
While hemodynamic improvements are well-documented, it remains unclear whether these translate into
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meaningful survival gains, improved cardiac recovery, or acceptable safety profiles. This systematic review aims
to evaluate the impact of MCS modalities on outcomes in AMI-CS patients undergoing early revascularization.
Specifically, it seeks to (1) assess survival outcomes, (2) examine recovery of cardiac function, (3) analyze
complication rates associated with different devices, and (4) evaluate the influence of device timing. By
addressing these dimensions, this review intends to provide a more comprehensive understanding of the role
of MCS in AMI-CS management.

METHOD
Study Design and Registration

This systematic review was conducted according to the PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) guidelines to assess the impact of mechanical circulatory support (MCS) modalities
on survival and cardiac function outcomes in patients with acute myocardial infarction-related cardiogenic shock
(AMI-CS) undergoing early revascularization.” The primary objective was to evaluate mortality associated with
different MCS strategies. Secondary objectives included assessment of left ventricular (LV) function recovery
and major complications.

Eligibility Criteria
Studies were eligible if they

e Reported on adult patients (=18 years) with AMI-CS undergoing early revascularization (PCI or
CABG).

o Evaluated outcomes of percutaneous MCS devices: intra-aortic balloon pump (IABP), percutaneous
left ventricular assist devices (pLVAD, e.g., Impella), venovenous extracorporeal membrane oxygenation
(VA-ECMO), or combined strategies (e.g., ECPELLA).

e Reported at least one of the following outcomes: short-term or long-term mortality, LV function
outcomes (e.g., LVEF), or major complications (e.g., bleeding, vascular events).

¢ Included >10 patients per intervention group.

e They were published in English in peer-reviewed journals.

Exclusion criteria were

¢ Non-adult populations (studies including patients <18 years).

e Studies of advanced therapies outside the scope (durable LVADs as destination therapy or bridge
to transplant, isolated heart transplantation).

e Low-quality or non-peer-reviewed evidence (case reports, case series with <10 patients,
conference abstracts without full data).

e Language and accessibility limitations (publications not available in English).

e Duplicate or overlapping datasets, in which case the most comprehensive or recent publication
was retained.

Search Strategy

A systematic search was performed in Medline (PubMed), Science direct, and Cochraine library databases
from inception through May 1, 2025. Keywords and MeSH terms included combinations of “mechanical circulatory
support,” “intra-aortic balloon pump,” “Impella,” “extracorporeal membrane oxygenation,” “ECMO,”
“venoarterial ECMO,” “acute myocardial infarction,” “cardiogenic shock,” “revascularization,” “mortality,”
and “cardiac function.” Boolean operators “AND” and “OR” were applied. Reference lists of included articles
and relevant reviews were screened manually. Grey literature, preprints, and clinical trial registries were
checked. Corresponding authors were contacted for missing data or clarification when necessary.

Study Selection
Full texts of potentially eligible studies were retrieved and assessed against the inclusion criteria.
Discrepancies were resolved through discussion or consultation with a third reviewer.

Data Extraction

Extracted variables included study design, publication year, patient population, MCS modality (IABP, Impella,
VA-ECMO, or combinations), timing of MCS relative to revascularization, 30-day and longer-term mortality, LV
function outcomes (e.g., ejection fraction recovery), and major complications (e.g., bleeding, stroke, vascular
injury, renal failure). Disagreements were resolved by consensus.

Quality Assessment
Methodological quality of included studies was assessed independently by two reviewers using The
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methodological quality of included studies was independently assessed by two reviewers using the Cochrane
RoB 2.0 tool for randomized controlled trials (RCTs) and the ROBINS-I tool for observational studies. Figures 2
and 3 illustrate the domain-specific risk of bias evaluations for RCTs and non-randomized studies, respectively.
Most RCTs showed low risk of bias across all domains, whereas observational studies exhibited moderate to
serious risks, mainly due to confounding and limitations in outcome measurement. Discrepancies between
reviewers were resolved through discussion. These assessments provide critical context for interpreting
mortality outcomes and overall study reliability.

Data Synthesis

Given expected clinical and methodological heterogeneity in study designs, patient populations, intervention
protocols, and outcome measures, a qualitative narrative synthesis was performed. Key data on mortality rates,
complications (e.g., bleeding, vascular events), and left ventricular recovery were extracted and descriptively
summarized. Results were organized in detailed tables to enable cross-study comparisons of MCS strategies
(IABP, Impella, VA-ECMO) in AMI-CS patients undergoing early PCl. Results were presented in tables to highlight
variations in clinical outcomes, practice patterns, and complication profiles.

RESULTS

A total of 3,570 records were identified, with 1,267 duplicates removed, leaving 2,303 for screening. After
assessing 215 full-text reports, 15 studies were included. These studies, comprising over 35,000 AMI-CS patients
undergoing early revascularization with mechanical circulatory support (MCS), demonstrated in-hospital or
30-day mortality rates ranging from 24 % to 75 %. Despite varied devices—such as IABP, Impella, and VA-ECMO—
no consistent survival benefit was observed. Several studies reported increased complications, particularly
bleeding and vascular events with Impella or ECMO, highlighting the lack of definitive improvement in outcomes
and underscoring the need for randomized trials to guide
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Figure 1. Prisma flow chart
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Figure 2. Quality assessment of RCTs by the Rob 2.0 tool
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Figure 3. Quality Assessment of Non-RCTs Using the ROBINS-I Tool

Mortality Outcomes

Mortality rates across studies were consistently high, reflecting the critical severity of AMI-CS. Randomized
trials such as IABP-SHOCK Il reported 30-day mortality of 40 % with IABP versus 41 % in controls, with no
significant survival benefit.*') Similar in-hospital (33,8 % IABP vs. 33,0 % control) and 1-year mortality (48,1
% vs. 48,0 %) in a large MIMIC-IV cohort.™ Jin et al.®® observed nearly double mortality with Impella (49,6 %)
compared to IABP (28,9 %) in a propensity-matched analysis of over 50000 patients. Nishimoto et al.® reported
mortality ranging from 24,6 % with Impella to 58,5 % with VA-ECMO alone; combined strategies (ECPella) showed
intermediate mortality (46,9 %). Vallabhajosyula et al.™ found that MCS use overall increased mortality (31
% with MCS vs. 25,8 % without). Awad® showed Impella mortality exceeding IABP (34,1 % vs. 26,9 %) and
vasopressors (42,3 % vs. 35,7 %). Zeymer et al." observed higher mortality with IABP (56,9 % vs. 36,1 % without
IABP; p=0,07). Ali et al.?® found ECMO had the highest mortality (51,6 %) compared with Impella (41,5 %) and
ECPELLA (46,2 %). Basir et al."” demonstrated 68 % 30-day survival with early Impella use, a relatively favorable
outcome in high-risk patients. Schrage et al."™ reported no significant difference in 30-day mortality between
Impella and IABP (48,5 % vs. 46,4 %). Kim et al.?® found worse mortality with IABP in AMI-CS after cardiac arrest
(59,9 % vs. 52,5 %). Prunea et al.?" noted very high mortality regardless of timing: 61 % with upfront MCS vs.
79 % procedural (p=0,12). Wilkins et al.?® reported improved survival with early Impella (<48 min) (72,4 % vs.
39,3 % with delayed support). Klein et al.? found mortality of 50 % in MCS-treated patients vs. 29 % without
MCS; mortality rose to 59 % if symptoms persisted >24h pre-treatment.
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Left Ventricular Function Outcomes

Recovery of LV function was inconsistently assessed. Thiele et al."™ found no LVEF improvement with IABP
compared to controls. Fang et al."® lacked direct LV measures but reported no indirect improvement benefit
[10]. Schrage et al. showed no significant LVEF differences between Impella and IABP. Kim et al.? reported
no LV recovery benefit with IABP in AMI-CS after cardiac arrest. In contrast, Wilkins et al.?? demonstrated
substantial LVEF improvement with early Impella initiation (39 %—54 % at 24 months; p<0,001). Basir et al.®
showed improved cardiac power output and lactate reduction with Impella but did not report LVEF specifically.
7 Worse LV recovery with prolonged symptom duration despite MCS. Other studies did not provide systematic
LV functional outcomes, but several inferred impaired LV recovery through elevated biomarkers or prolonged
organ dysfunction.®313, 27,15,19,21)

Complication Profiles

Major complications were common, particularly with more invasive devices. Impella consistently
demonstrated increased bleeding: Jin et al.? Awad"® showed significantly higher bleeding rates with Impella
(14,3 %-31,4 %) vs. |IABP (8,9 %-13,6 %). Schrage et al."™ reported severe bleeding in 8,5 % of Impella vs. 3,0 %
of IABP patients; vascular complications were also higher with Impella (9,8 % vs. 3,8 %). Found that bleeding
requiring transfusion was highest with ECPella (8,1 %). Reported ECMO associated with dramatically increased
stroke (9,2 %), bleeding (16 %), acute kidney injury (72 %), and respiratory complications (90 %).(>'® Zeymer
et al.@) observed higher rates of mechanical ventilation, dialysis, and inotropes in IABP groups.® Described
rare but serious bleeding and ischemic complications. Wilkins et al.?? identified frequent bleeding requiring
transfusion (24,7 %) and hemolysis (21,5 %). Klein et al.? found elevated troponin and lactate levels, reflecting
severe LV dysfunction, along with increased bleeding and multiorgan failure in MCS-treated patients. Fang et
al.(" reported longer ICU/hospital stays for IABP without a survival benefit. Basir et al.("”” did not quantify
vascular complications but noted 99 % procedural survival. Kim et al.?? found no significant bleeding difference
between IABP and controls but did not report LV recovery data.

Trends in MCS Utilization

Several studies highlighted evolving device use patterns. Nishimoto et al.?” documented declining IABP use
(63,5 %—58,3 %) and rising Impella use (2,1 %—8,7 %) over three years, although adjusted mortality remained
unchanged. Vallabhajosyula et al.?” described declining IABP use despite lower mortality compared to pLVAD/
ECMO. Ali et al."™® showed Impella was the dominant device in AMI-CS (93,7 %), with ECPELLA use rising but
not improving outcomes. Klein et al.?® demonstrated that delayed symptom-to-treatment time worsened
outcomes regardless of MCS. Zeymer et al.!"® highlighted IABP use in only ~25 % of AMI-CS PCI patients despite
guideline recommendations, with no mortality benefit. Other studies, suggest ed early MCS use might benefit
select patients, but overall survival improvements remained inconsistent. 23151718, 21,26)

DISCUSSION

Acute myocardial infarction complicated by cardiogenic shock (AMI-CS) remains the leading cause of in-
hospital mortality among patients with myocardial infarction, with 30-day death rates consistently exceeding
40 % despite early revascularization efforts.*' Across randomized trials and large cohorts, IABP consistently
failed to improve 30-day or in-hospital survival compared to standard therapy, with mortality rates of ~40 %
in IABP-SHOCK Il “' and similar results in retrospective analyses.?29 Impella showed no consistent survival
benefit over IABP, with multiple studies reporting significantly higher mortality in Impella-treated patients.
(12.20,18) while only isolated registries suggested favorable outcomes with early use."”2 VA-ECMO, despite potent
hemodynamic support, showed the highest mortality (up to 58,5 %) with significant complications. %2> Findings
are consistent with systematic reviews and meta-analyses which reported that MCS did not significantly
reduce mortality in AMI-CS despite advances in device technology and earlier deployment.©®%3" While some
studies noted reduced lactate and improved cardiac power with Impella these hemodynamic benefits did not
reliably translate to survival gains, paralleling conclusions from meta-analysis showing improved short-term
hemodynamics without mortality benefit.®

Left ventricular (LV) functional recovery was rarely assessed rigorously across included studies, with only
Wilkins et al. demonstrating significant LVEF improvement at long-term follow-up in early Impella recipients, @
while reported no LV function benefit with IABP or Impella.“'.820) Studies reporting surrogate markers, such
as lactate clearance or cardiac power, suggested transient hemodynamic stabilization” but failed to show
consistent downstream improvements in cardiac recovery or survival. These observations align with recent
systematic reviews, Zhang et al.® Saggu et al.®? that emphasize that while MCS can improve hemodynamic
parameters acutely, this rarely translates into better LV function or long-term outcomes in AMI-CS patients.
Additionally, the high incidence of bleeding, vascular injuries, and end-organ complications—particularly with
Impella and ECMO—compounded mortality risks, reinforcing concerns highlighted in literature analyses by
Subramaniam et al. about adverse event profiles associated with percutaneous MCS devices in AMI-CS.¥
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A major methodological limitation of this review was the heterogeneity of included studies, with wide
variations in patient selection, timing of MCS initiation relative to PCl, device choice, and outcome definitions.
Most studies were retrospective observational cohorts prone to confounding by indication, where sicker
patients disproportionately received MCS, inflating mortality estimates. Randomized trials like IABP-SHOCK
Il excluded patients requiring immediate high-level support, limiting applicability to the sickest populations.
Echocardiographic assessment of LV recovery was inconsistently reported or missing in most studies, preventing
quantitative synthesis of cardiac function outcomes. Additionally, publication bias cannot be excluded, as
negative studies may be underreported. Collectively, these methodological shortcomings underscore the need
for large-scale, adequately powered randomized controlled trials with standardized protocols, robust cardiac
imaging, and long-term follow-up to definitively establish the role of MCS in AMI-CS.

CONCLUSIONS

In conclusion, current evidence demonstrates that while mechanical circulatory support devices such as
IABP, Impella, and VA-ECMO can provide hemodynamic stabilization in AMI-related cardiogenic shock, they have
not consistently improved survival or long-term cardiac function when used during early revascularization.
Studies frequently show increased complication rates, particularly with Impella and ECMO, without a clear
mortality benefit compared to IABP or medical therapy alone. These findings highlight the urgent need for well-
designed randomized controlled trials to determine optimal MCS strategies and identify patient populations
most likely to benefit, ultimately guiding more effective and safer management of AMI-CS.
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