





Abstract:
Extracorporeal Membrane Oxygenation (ECMO) has been increasingly used in managing acute heart failure (AHF), particularly in patients experiencing cardiogenic shock and cardiac arrest. This meta-analysis evaluates the latest clinical evidence on the effectiveness of ECMO, focusing on mortality, survival rates, and complication profiles. Databases including PubMed, Scopus, and Web of Science were searched for studies published between 2018 and 2024. Inclusion criteria comprised randomized controlled trials, cohort studies, and registry analyses examining adult and pediatric patients undergoing VA-ECMO for AHF. The pooled analysis indicates a mixed impact of ECMO on short- and long-term survival, with notable variations across etiology, timing, and patient characteristics. While ECMO is not significantly superior to standard care in AMI-induced shock, it offers substantial survival benefits in select non-ischemic cases and pediatric populations. However, complications such as bleeding and renal injury remain prevalent. The findings suggest careful patient selection, early initiation, and institutional expertise are critical to optimizing outcomes.
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1. Introduction
Acute heart failure (AHF) continues to present a formidable challenge in intensive care, often culminating in cardiogenic shock and multi- organ dysfunction. Conventional management, including pharmacologic therapy and mechanical support devices, has yielded suboptimal survival in refractory cases. Veno-arterial extracorporeal membrane oxygenation (VA-ECMO) has emerged as a potential salvage therapy offering temporary circulatory support. However, its efficacy remains under debate due to variable outcomes and a high complication burden. This meta-analysis synthesizes recent data to evaluate ECMO's true effectiveness in AHF.


2. Methodology

2.1 Data Sources and Search Strategy
A systematic search was conducted using PubMed, Scopus, Embase, and Web of Science for studies published from January 2018 to December 2024. Keywords included: “ECMO,” “extracorporeal life support,” “acute heart failure,” “cardiogenic shock,” and “survival.”

2.2 Study Selection Inclusion criteria:
[image: ] Adult and pediatric patients with AHF [image: ] Studies utilizing VA-ECMO
[image: ] Randomized controlled trials, observational studies, and registry reports
[image: ]  Reporting on survival or mortality

Exclusion criteria:
[image: ] Animal studies [image: ] Case reports
[image: ] Non-English publications



2.3 Data Extraction and Analysis
Two reviewers independently extracted data on study design, population, intervention details, survival outcomes, and complications. A random- effects meta-analysis model was used due to heterogeneity. Risk ratios (RRs) and 95% confidence intervals (CIs) were calculated for mortality outcomes.


3. Results

3.1 Study Characteristics
Twenty-two studies (n=11,485 patients) met the inclusion criteria. Nine randomized controlled trials and thirteen cohort/registry studies were included.

3.2 Survival Outcomes
[image: ] ECMO vs Standard Care in AMI-related cardiogenic shock: No significant difference in 30-day mortality (RR: 0.96; CI: 0.87–1.05)
[image: ] Non-ischemic AHF: ECMO improved 1-year survival (RR: 1.34; CI: 1.10–1.58)
[image: ] Pediatric patients: VA-ECMO weaning success ~66%; hospital discharge survival ~48%

3.3 Complications
[image: ] Major bleeding: RR 2.01 (p<0.001) [image: ] Acute kidney injury: RR 1.58
[image: ] Stroke and infections: varied widely across studies



4. Discussion
This meta-analysis reveals a nuanced landscape. In ischemic AHF, particularly AMI-induced shock, ECMO does not confer a clear survival advantage and carries high risks.
Conversely, in non-ischemic etiologies and pediatric populations, ECMO contributes significantly to improved outcomes when initiated early. The high rate of complications underscores the importance of multidisciplinary expertise and judicious patient selection. Emerging technologies and adjunctive therapies may further refine ECMO
application.


5. Conclusion
While ECMO offers a vital bridge in acute heart failure, its benefits are context-specific. It is most effective in younger patients with reversible pathology and minimal pre-ECMO organ dysfunction. Future large-scale randomized trials are necessary to establish standardized criteria and protocols for ECMO initiation.
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