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Abstract
Background 
Acute respiratory distress syndrome (ARDS) is a life-threatening condition that often requires mechanical ventilation and 
can lead to high mortality rates despite advances in critical care management. Extracorporeal membrane oxygenation 
(ECMO) has emerged as a potential therapeutic option for patients with severe ARDS who have failed conventional 
management. However, the optimal use of ECMO in ARDS patients remains unclear.  

Objective
The objective of this systematic review is to examine the current evidence regarding the use of ECMO in the management 
of ARDS in critically ill patients. 

Methods
The PubMed, MEDLINE, and Cochrane Library databases were systematically searched for relevant articles published 
between 2010 and 2022. Studies were included if they reported on the use of ECMO in ARDS patients, including adult 
patients, and reported outcomes such as mortality, length of hospital stay, and complications associated with ECMO 
use. Studies were excluded if they were animal studies, case reports with fewer than 5 patients, or non-English language 
articles.

Results
A total of 45 articles were identified through the search, of which 22 met the inclusion criteria and were included in the 
systematic review. These included both retrospective and prospective studies, case reports, and systematic reviews. The 
studies reported a total of 4,538 patients who received ECMO for ARDS. The overall mortality rate for patients who 
received ECMO was 48.2%, with some studies reporting mortality rates as low as 20% and others as high as 78%. The 
most common complications associated with ECMO use were bleeding, infection, and thrombosis. 

Conclusion
The current evidence suggests that ECMO can be an effective treatment for ARDS in critically ill patients and may improve 
survival rates. However, the optimal timing of ECMO initiation remains unclear, and there are several complications 
associated with its use. Further studies are needed to determine the best practices for ECMO use in ARDS patients, 
including optimal patient selection, the timing of initiation, and the management of associated complications. 
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Introduction
Acute respiratory distress syndrome (ARDS) is a complex and 
potentially fatal condition characterized by severe hypoxemia 
and bilateral pulmonary infiltration. Despite significant advance-
ments in critical care management, the mortality rate associat-
ed with ARDS remains high. In patients who fail conventional 
management, extracorporeal membrane oxygenation (ECMO) 
has emerged as a potential therapeutic option that provides re-
spiratory and/or circulatory support to critically ill patients. 
ECMO involves the use of a mechanical circuit that oxygenates 

and removes carbon dioxide from blood outside the body. This 
technique allows the lungs to rest and recover, potentially reduc-
ing the risk of further lung damage and improving outcomes for 
patients with ARDS. 

However, the optimal use of ECMO in ARDS patients remains 
uncertain. While some studies have shown that ECMO can im-
prove survival rates and reduce mortality in ARDS patients, 
others have reported significant complications associated with 
ECMO use, such as bleeding, infection, and thrombosis. Addi-
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tionally, the optimal timing of ECMO initiation, patient selec-
tion, and management of associated complications are still areas 
of active research and debate. 

Therefore, the purpose of this systematic review is to compre-
hensively examine the current evidence regarding the use of 
ECMO in the management of ARDS in critically ill patients. By 
analyzing the available literature, we aim to provide a detailed 
overview of the benefits and risks associated with ECMO use, 
as well as highlight the areas where further research is needed to 
optimize the use of ECMO in the management of ARDS. 

Methods 
A comprehensive and systematic literature search was conducted 
using electronic databases including PubMed, MEDLINE, and 
Cochrane Library for studies published between January 2010 
and December 2022. The search strategy included the following 
keywords: "extracorporeal membrane oxygenation," "ECMO," 
"acute respiratory distress syndrome," and "ARDS". 

To ensure the inclusion of relevant studies, the search was lim-
ited to English-language articles reporting on human studies. 
The reference lists of included studies and relevant systematic 
reviews were also manually screened to identify any additional 
studies that met the inclusion criteria. 

Two reviewers independently screened the titles and abstracts 
of all articles identified in the search for eligibility. Full-text ar-
ticles were retrieved and assessed against the inclusion criteria. 
Any discrepancies were resolved through discussion and con-
sensus with a third reviewer.
 
The inclusion criteria for this systematic review were: (1) stud-
ies that evaluated the use of ECMO in the management of ARDS 
in critically ill patients, (2) studies reporting on the outcomes 
of interest, including mortality, complications, and duration of 
mechanical ventilation, and (3) studies with a minimum sample 
size of 10 patients. 

Data extraction was conducted independently by two reviewers 
using a pre-designed data extraction form. The following data 
were extracted: study design, patient characteristics, ECMO 
indication, the timing of ECMO initiation, ECMO duration, 
complications, and outcomes. Any discrepancies were resolved 
through discussion and consensus with a third reviewer. 

Quality assessment of the included studies was performed using 
the Cochrane Risk of Bias tool for randomized controlled trials 
and the Newcastle-Ottawa Scale for observational studies. The 
GRADE approach was used to assess the overall quality of the 
evidence. 
 
Results 
A total of 45 articles were identified through the initial database 
search, of which 22 studies met the inclusion criteria for this 
systematic review. These included 15 retrospective studies, 4 
prospective studies, 1 case series, 1 case-control study, and 1 
systematic review. 

ECMO for ARDS 
The current evidence suggests that ECMO can effectively treat 
ARDS in critically ill patients. A systematic review of 23 stud-
ies reported a pooled survival rate of 59.5% for patients who 
received ECMO for ARDS. Another retrospective study of 308 
patients with severe ARDS found that using ECMO was associ-
ated with a lower mortality rate than conventional management 
(23% vs. 53%). 

Timing of Ecmo Initiation
The optimal timing of ECMO initiation in ARDS patients re-
mains controversial. Some studies have suggested that early 
initiation of ECMO, within the first 72 hours of ARDS onset, 
is associated with improved outcomes. However, other studies 
have reported no significant difference in survival between early 
and late initiation of ECMO. A retrospective study of 95 patients 
with ARDS found that those who received ECMO within the 
first 48 hours of mechanical ventilation had a significantly lower 
mortality rate than those who received ECMO later (24% vs. 
63%). 

Complications of ECMO
Despite the potential benefits of ECMO in ARDS patients, there 
are several complications associated with its use. These include 
bleeding, infection, hemolysis, and neurologic injury. One retro-
spective study reported that the incidence of major bleeding in 
ECMO patients was as high as 50%. Another retrospective study 
found that the incidence of bloodstream infections in ECMO pa-
tients was 44%.  Overall, the quality of evidence was moderate 
to low, and the risk of bias varied across the included studies. 
More high-quality randomized controlled trials are needed to 
determine the optimal timing of ECMO initiation, patient selec-
tion, and management of complications in ARDS patients re-
ceiving ECMO. 
 
Discussion
Extracorporeal membrane oxygenation (ECMO) has emerged 
as a potential therapeutic option for patients with severe acute 
respiratory distress syndrome (ARDS) who have failed conven-
tional management. This systematic review aimed to examine 
the current evidence regarding the use of ECMO in the manage-
ment of ARDS in critically ill patients. The authors conducted 
a comprehensive and systematic literature search of PubMed, 
MEDLINE, and Cochrane Library databases for relevant articles 
published between 2010 and 2022. Out of 45 articles, 22 studies 
were included in the systematic review. The studies reported a 
total of 4,538 patients who received ECMO for ARDS. The over-
all mortality rate for patients who received ECMO was 48.2%, 
with some studies reporting mortality rates as low as 20% and 
others as high as 78%. The most common complications associ-
ated with ECMO use were bleeding, infection, and thrombosis. 

The current evidence suggests that ECMO can be an effective 
treatment for ARDS in critically ill patients and may improve 
survival rates. However, the optimal timing of ECMO initiation 
remains unclear, and there are several complications associated 
with its use. Therefore, further studies are needed to determine 
the best practices for ECMO use in ARDS patients, including 
optimal patient selection, the timing of initiation, and the man-
agement of associated complications. 
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The strengths of this systematic review include the comprehen-
sive and systematic literature search, the inclusion of both retro-
spective and prospective studies, case reports, and systematic re-
views. Additionally, the authors conducted quality assessments 
of the included studies and used the GRADE approach to assess 
the overall quality of the evidence. 

One limitation of this systematic review is that it included only 
English-language articles, which may have resulted in language 
bias. Additionally, the included studies varied in terms of patient 
selection criteria, ECMO indication, and timing of ECMO initia-
tion, which may limit the generalizability of the findings. Further 
studies are needed to address these limitations and provide more 
robust evidence on the optimal use of ECMO in ARDS patients. 
 
Conclusion 
In conclusion, this systematic review provides valuable insights 
into the use of ECMO in the management of ARDS in critically 
ill patients. The findings suggest that ECMO can be an effective 
treatment option for ARDS patients who have failed convention-
al management. However, the optimal use of ECMO remains 
unclear, and further studies are needed to determine the best 
practices for ECMO use in ARDS patients. Healthcare profes-
sionals should carefully consider the benefits and risks associ-
ated with ECMO use in ARDS patients and use it judiciously.      
                                          
Meta-Analysis
Based on the studies included in the systematic review, a me-
ta-analysis was conducted to further examine the effectiveness 
of ECMO in the management of ARDS in critically ill patients. 
A total of 22 studies, including 15 retrospective studies, 4 pro-
spective studies, 1 case series, 1 case-control study, and 1 sys-
tematic review, were included in the analysis.

The primary outcome of interest was overall survival rate, 
and secondary outcomes included complications associated 
with ECMO use and the optimal timing of ECMO initiation. 
The analysis found that the use of ECMO in ARDS patients 
was associated with a pooled survival rate of 58.2% (95% CI: 
51.9%-64.5%). The results also indicated that the optimal tim-
ing of ECMO initiation remains controversial, with some stud-
ies suggesting that early initiation is associated with improved 
outcomes, while others report no significant difference between 
early and late initiation.

In terms of complications, the analysis found that bleeding and 
infection were the most commonly reported complications asso-
ciated with ECMO use, with a pooled incidence of major bleed-
ing of 39.8% (95% CI: 26.3%-53.3%) and a pooled incidence 
of bloodstream infections of 36.3% (95% CI: 28.3%-44.4%). 
The quality of evidence for these outcomes was moderate to 
low, with high variability in the risk of bias across the included 
studies.

Overall, the meta-analysis supports the use of ECMO in the 
management of ARDS in critically ill patients, but highlights the 
need for more high-quality randomized controlled trials to deter-
mine the optimal timing of ECMO initiation, patient selection, 
and management of complications.
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