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Impact of obesity on outcomes @
of extracorporeal membrane oxygenation
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analysis
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Abstract

Background Extracorporeal membrane oxygenation (ECMO) is used when standard methods of standard treatment
methods are not successful. Obese patients present unique challenges during ECMO due to large body size hindering
sufficient flows, difficulties with patient positioning and anatomical landmark identification, and restricted radiology
scans. This meta-analysis aims to investigate the impact of obesity on the outcomes of patients undergoing ECMO.

Methods Databases (PubMed, Embase, and Scopus databases) were searched to identify relevant studies published
until July 2023. Data were reported as odds ratios (OR) with 95% confidence interval (Cl), and the descriptive data
were reported as standard difference of means (SDM) by a random effects model.

Results A literature search identified 345 studies. Of them, 18 studies met the inclusion criteria. The findings from the
meta-analysis revealed no significant association between obesity and survival outcomes after ECMO (odds ratio (OR):
0.91, 95% confidence interval (Cl): 0.70-1.17, p: 0.46). Moreover, no comparative significant differences were found
between obese and non-obese individuals on the duration of ECMO procedure (standardized mean difference (SMD):
0.07,-0.03-0.17), length of hospital stay (-0.03,-0.19 to 0.12), and duration of ventilation support (-0.10, -0.44 to 0.24).

Conclusion The meta-analysis findings suggest no significant impact of obesity on the survival outcomes after the
ECMO procedure. There was no significant impact of obesity on the duration of ECMO procedures, length of hospital
stay, and duration of ventilation support.
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Introduction

Obesity is a global health issue that presents formidable
challenges to healthcare providers, particularly during
life-saving interventions such as extracorporeal mem-
brane oxygenation (ECMO) procedures [1-3]. Obesity, as
defined by the Centers for Disease Control and Preven-
tion, is characterized by a Body Mass Index (BMI) of 30.0
or higher. BMI is calculated by dividing a person’s weight
in kilograms by the square of their height in meters, serv-
ing as a screening tool for evaluating body fatness. The
CDC classifies BMI into four categories: underweight
(BMI less than 18.5), healthy weight (BMI 18.5 to <25),
overweight (BMI 25.0 to <30), and obesity (BMI 30.0 or
higher) [4]. ECMO is used in patients with severe respi-
ratory or cardiac failure when other conventional treat-
ments fail [1, 5-7]. However, for obese patients, the
management of ECMO remains particularly complex due
to the unique anatomical and physiological characteris-
tics of this group of patients [8, 9], the presence of various
comorbidities, such as diabetes mellitus and hyperten-
sion [10, 11], or difficulties in diagnosing and monitor-
ing [3, 8, 10—12]. However, despite these potential issues,
obesity has not been identified as a significant risk factor
for hospital mortality in patients with acute lung failure
and cardiac diseases [3, 10, 11, 13]. Therefore, existing
guidelines do not categorize obesity as an absolute con-
traindication for ECMO support [3, 10, 11]. There is still
a lack of comprehensive reviews summarizing the overall
evidence in this area [9, 13-16].

This review and meta-analysis aims to summarize all
existing data and evaluate the impact of obesity on out-
comes, such as mortality rates post-ECMO, the dura-
tion of ECMO procedures, lengths of hospital stays, and
ventilation requirements, in patients undergoing ECMO.
Our study is particularly relevant to the nursing field
due to the integral role nurses play in the care of ECMO
patients and may contribute to development of evidence-
based guidelines, optimizing the management of obese
patients on ECMO and potentially improving their sur-
vival and recovery rates in critical care settings.

Methods

The review was performed in adherence to the guidelines
of the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) [17]. The paper was regis-
tered at PROSPERO, No. CRD42023448406.

Search strategy

PubMed, Embase, and Scopus databases were searched
by using appropriate keywords. We initially compared the
complications with ECMO in between obese and non-
obese individuals. Search items were as follows: “Obe-
sity,” “Extracorporeal membrane oxygenation,’, “ECMO’,
“Body mass index’; “BMI;, “Impact, “Outcomes,

Page 2 of 11

” o«

“Systematic review;” “Meta-analysis,” “ECMO outcomes,’
“ECMO complications,” “ECMO survival,” “ECMO mor-
tality, “Obesity and critical care,” “ECMO and obesity,’
“Extracorporeal life support, “ECMO effectiveness,’
“ECMO complications in obese patients” These terms
were combined using the OR operator to ensure compre-
hensive coverage of relevant literature.

Inclusion criteria (as per the PECOS criteria)

1. Population: Obese individuals who underwent
ECMO procedure.

2. Exposure: Extracorporeal membrane oxygenation
(ECMO) procedures.

3. Comparison: Non-obese who underwent ECMO
procedure.

4. Outcome: Mortality, ECMO procedure duration,
length of hospital stay, and length of ventilation.

5. Study Design: Randomized controlled trials
(RCTs), cohort studies, case-control studies, and
observational studies.

6. Language: English.

Exclusion criteria

1. Studies are not reporting comparative outcomes
between obese and non-obese individuals who
underwent ECMO procedures.

2. Non-English languages studies.

3. Incomplete studies, unavailable data, case reports,
editorials, commentaries, and letters.

The eligibility of the identified studies was indepen-
dently assessed by two reviewers. Each study underwent
a thorough evaluation based on predetermined criteria
to ensure its relevance to the research question. The lit-
erature search was also independently conducted by the
same two reviewers to minimize bias and improve the
accuracy of study selection.

In instances where discrepancies or differences of opin-
ion arose between the reviewers regarding the inclusion
or exclusion of a particular study. The outcome of the
discussion between the two reviewers was to address any
conflicts and facilitate consensus on the final selection
of studies. This consensus-based approach among the
reviewers ensured a comprehensive and unbiased selec-
tion of studies for inclusion in the meta-analysis.

Quality assessment

To assess the potential bias in the cohort trials included
in this study, ROBINS-I tool was used [18]. Two indepen-
dent reviewers conducted a thorough evaluation of the
methodological quality of the included studies. In cases
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where discrepancies arose, the outcome of the discussion
between the two reviewers was to resolve any disagree-
ments and reach a consensus.

Data extraction

Data were systematically extracted from the selected
studies, and included study type, groups involved, sample
size, and age of obese and non-obese cohorts, BMIs of
the respective groups, type of ECMO procedures, length
of hospital stay, duration of ECMO procedure, mortality
events, and period of ventilation.

Statistical analysis

The Meta-analysis version 3.0 was employed for the sta-
tistical analysis. Only a random effects model was imple-
mented [19]. The mortality outcomes between obese and
non-obese individuals undergoing ECMO procedures
was analyzed. Odds ratios (OR) were computed on the
basis of the number of events reported in the included
studies. The analysis further examined various factors,
including the duration of the ECMO procedure, length
of hospital stay, and duration of ventilation. For quanti-
fying these changes standard difference of means (SDM)
were computed based on the descriptive data provided
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in the included studies. Heterogeneity among the stud-
ies was assessed by I” statistics. I* values between 0 and
25% indicated negligible heterogeneity, 25-75% indicated
moderate heterogeneity, and >75% indicated substan-
tial heterogeneity [20]. Publication bias was assessed by
Duval and Tweedy’s trim and fill procedure [21]. Addi-
tionally, as we had used both adjusted and unadjusted
values for the primary outcome of mortality in our analy-
sis due to paucity of data present in the included stud-
ies, we conducted a leave-one-out sensitivity analysis to
strengthen the interpretation of our primary outcome.
All analyses conducted in this study adhered to a signifi-
cance level of 5%.

Results

Study selection and characteristics

Among the 345 papers initially retrieved, 18 papers were
eligible, as shown in Fig. 1. All of the included stud-
ies were retrospective cohort studies [3, 5, 8-11, 14-16,
22-30]. The extracted data from these studies are sum-
marized in Table 1.

Identification of studies via databases and registers

Records removed before screening:
Duplicate records (n = 55)
Title/Abstract Screening (n = 45)

Marked as ineligible by automation tools (n
=0)

> Records excluded** (n = 0)

» Reports not retrieved (n = 0)

Reports excluded:

)
c Records identified from*:
.g Databases (n = 345)
S Registers: 0
B PubMed: 140
q‘:; Embase: 60
2 Web of Science: 145
| —
) l
Records screened
(n =245)
Reports sought for retrieval
® (n=245)
=
3 '
g
(%]
& Reports assessed for eligibility
(n=245)
—
v
)
g Studies included in review
'g (n=18)
Ts:’ Reports of included studies
= (n=18)
—

Fig. 1 PRISMA flowchart

Full-text article excluded, with reasons (n =
227)

Review articles: 70

Case studies: 30

Not English: 57

Posters, conference proceedings: 70
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Table 1 Details of included studies

Study Design Country  Groups and BMI Age ECMO ECMO Mortality Length of Ventila-
sample size (M£SD type duration hospital tion time
years) stay (days)
(days)
Prasad, RCS USA N-Obese: 83 (65 M, N-Obese: N-Obese Veno- N-Obese: N-Obese: - N-Obese:
Elkholey et 19 F) Obese: 126 269+24 (445+116) arte- 3244283 42 Obese: 390.8+34
al. (2023) (92 M, 33 F) Obese: Obese rial: 7 days Obese: 43 Obese:
347426 (43.1+£10.7) Ve- 31.1+27 days 3824321
nove-
nous:
170
Peetermans, RCS Belgium N-Obese: 13,822 N-Obese: N-Obese - N-Obese: N-Obese: - -
Guler et al. (9104 M, 4718 F) 26.7 Obese:  (49) Obese 206 h Obese: 5608
(2023) Obese: 4707 424 47) 237 h Obese:
(2724 M, 1983 F) 1786
Javidfar, RCS USA N-Obese: 315 N-Obese: 29  N-Obese - N-Obese: 16 h  N-Obese: N-Obese:  N-Obese:
Zaaqoq et (229 M, 86 F) Obese: 44 (53) Obese Obese: 4 h 126 Obese: 32 Obese: 24 Obese:
al. (2023) Obese: 39 (21 M, (40) 17 28 16
18 F)
Lu, Ortoleva RCS USA N-Obese: 93 (-) N-Obese: 25- N-Obese - N-Obese: N-Obese: - -
etal. (2022) Obese: 118 (-) 29.9 Obese:  (58) Obese 4 days59 43 Obese:
>30 (60) Obese: 4 days 73
Djordjevic,  RCS Germany  N-Obese: 179 N-Obese: 25 N-Obese Cen-  N-Obese:76 h N-Obese:  N-Obese:  N-Obese:
lvanov et al. (137 M, 49 F) Obese: 33 (60) Obese  tral: 59 Obese: 69 h 125 Obese: 12 Obese: 8 Obese:
(2022) Obese: 59 (43 M, (66) Pe- 48 10 8
16 F) riph-
eral:
179
Con-
comi-
tant
IABP:
171
Balik, Svo- RCS Czech N-Obese: 121 N-Obese: N-Obese - N-Obese: 14  N-Obese: N-Obese: -
bodova et Republic (85 M, 36 F) Obese: 263 Obese:  (61) Obese days Obese: 59 Obese: 27 Obese:
al. (2022) 171 (109 M, 62 F) 351 (56) 14 days 85 27
Powell, RCS USA N-Obese: 75 (55 M, N-Obese: N-Obese - N-Obese: N-Obese: N-Obese: -
Haase et al. 20 F) Obese: 30 44.5 Obese:  (45) Obese 838 h Obese: 28 Obese: 8 500bese:
(2022) (T9M, 11 F) 319 (37) 7915h 52
Mongero, RCS USA N-Obese: 129 N-Obese: N-Obese Veno- N-Obese: - - -
Stammers (102 M, 27°F) <30 Obese:  (50.5) arte- 552 h Obese:
etal. (2021) Obese: 211 (138 M, >30 Obese rial: 24 496 h
73F) (47.9) Ve-
nove-
nous:
304
Alvarez, RCS USA N-Obese: 59 (42 M, N-Obese: N-Obese - N-Obese: 9 N-Obese: - -
O'Malley et 17 F) Obese: 64 18.5-249 (47) Obese days Obese: 9 24 Obese:
al. (2021) (49 M, 15 F) Obese: (55) days 27
25-29.9
Salna, Fried  RCS USA N-Obese: 111 N-Obese: N-Obese - N-Obese: 3.7 N-Obese: N-Obese: -
etal. (2021) (80 M, 31 F) Obese: 224 Obese:  (61) Obese days Obese: 56 Obese: 30 Obese:
150 (111 M, 39F) 273 61) 4.6 days 80 26
Verkerk, RCS USA N-Obese: 43 (16 M, N-Obese: 26 N-Obese - N-Obese: 86  N-Obese: N-Obese: -
Dzierba et 27 F) Obese: 38 Obese: 37 (44) Obese days Obese: 13 Obese: 8 29.8
al. (2020) (11 M, 27F) (43) 11.1 days Obese:
355
Merritt- RCS USA N-Obese: 76 (-) N-Obese: N-Obese: - N-Obese: 25  N-Obese: N-Obese: -
Genore, Obese: 59 (-) - Obese: - - Obese: - Obese: 30 48 Obese: 245
Lyden et al. 49 Obese: 20

(2020)
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Table 1 (continued)
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Study Design Country  Groups and BMI Age ECMO ECMO Mortality Length of Ventila-
sample size (M£SD type duration hospital  tion time
years) stay (days)
(days)
Lee, Moon  RCS South N-Obese: 27 (16 M, N-Obese: N-Obese - N-Obese: 7 N-Obese: N-Obese: -
etal. (2020) Korea 11 F) Obese: 33 21+14 (73.6+10) days Obese: 7 24 Obese: 9 Obese:
(26 M, 7 F) Obese: Obese days 19 14
256+2 (66.1£11.3)
Galvagno, RCS USA N-Obese: 37 (-) N-Obese: N-Obese - N-Obese: 15 N-Obese: - -
Pelekhaty et Obese: 42 (-) <30 Obese:  (28) Obese days Obese: 10 Obese: 8
al. (2020) >30 (39) 23.8 days
Salna, RCS USA N-Obese: 131 N-Obese: 25 N-Obese - - N-Obese: N-Obese: -
Chicotka et (74 M, 57 F) Obese:  Obese: 34 (47) Obese 44 Obese: 27 Obese:
al. (2018) 63 (41 M,22F) 41) 28 21
Cho,Ohet  RCS South N-Obese: 58 (41 M, N-Obese: N-Obese Veno- N-Obese: N-Obese: N-Obese: -
al. (2018) Korea 17 F) Obese: 26 214425 (58.1+147) arte- 1724164 37 Obese: 8 58.6+55.1
(19M, 7 F) Obese: Obese rial: 8 days Obese: Obese:
278425 (523+14.8) Ve- 14£11.6 days 56.1+44.6
nove-
nous:
71
Veno-
arteri-
al-ve-
nous:
5
Lazzeri, RCS ltaly N-Obese: 45 (-) N-Obese: N-Obese - N-Obese: N-Obese: - N-Obese:
Bonizzoli et Obese: 25 (-) 219428 (49.8+£15.8) 134+135 28 Obese: 7 19.1+214
al. (2017) Obese: Obese days Obese: Obese:
338+3.1 (53.6+11.8) 19.2+204 2724274
days
Kon, Dahiet RCS USA N-Obese: 43 29 M, N-Obese: 29 N-Obese - N-Obese: 9 N-Obese: N-Obese: -
al. (2015) 14 F) Obese: 12 Obese: 49 (35) Obese days Obese: 18 Obese: 4 28 Obese:
(2M,10F) (43.5) 14 days 35

ECMO: Extracorporeal membrane oxygenation, IABP: Intra-aortic balloon pump, N-Obese: Non-obese, RCS: Retrospective cohort study

Participant information

The analysis incorporated data from 21,361 patients
undergoing ECMO. A total of 15,447 patients (10,075
males, 5129 females) were non-obese, and 5914 (3405
males, 2323 females) were obese. Sex distribution was
not reported by four of the included studies [5, 15, 16,
24]. The mean age of the non-obese and obsess patients
was 51.3110.6 years and 50.119.4 years, respectively.

Assessment of study quality

The methodological quality of the cohort studies
included in the analysis was evaluated using the ROB-
INS-I tool [18]. As summarized in Table 2, there was a
high risk of bias across the included studies. However, it
was noted that several studies had missing data, showed
signs of deviation from intervention, and selection bias
suggesting possible sources of bias (Table 2).

Mortality

Our analysis of 17 cohort studies (Fig. 2A) indicates a
non-significant effect of obesity on overall mortality in
patients who underwent ECMO procedure (odds ratio

[OR]: 0.91, 95% confidence interval [CI]: 0.70-1.17,
p=0.46), with moderate heterogeneity (I>: 38.5%). Fig-
ure 2B indicates leave one out sensitivity analysis for this
analysis.

Publication bias

To assess publication bias, we employed Duval and
Tweedy’s trim and fill method, which estimates the num-
ber of missing studies on either side of the mean effect
of the funnel plot. According to this method, three stud-
ies were missing on the right side of the mean effect. The
overall random effect models provided a point estimate
and 95% confidence interval for the studies as 0.90 (95%
CI 0.85-0.96). The trim and fill imputed point estimates
were calculated as 0.92 (95% CI 0.86—0.98). The results of
the publication bias assessment are presented in Fig. 3.

ECMO procedure duration

Our analysis of 18 cohort studies (Fig. 4) indicates no
difference in the duration of ECMO procedure in obese
individuals as compared to non-obese individuals
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Table 2 Risk of bias as per the ROBINS-I methodological tool (low risk of bias: +, high risk of bias: -, lack of clarity:?)
Study Confound- Selec-  Deviation Missing Measure- Selective  Classifica- Overall
ing bias tion from the data ment of reporting  tion of the risk of
bias intervention outcomes intervention Bias
Prasad, Elkholey et al. (2023) + + ? + + ? + Moderate
Peetermans, Guler et al. (2023) + + + - + + + Moderate
Javidfar, Zaaqoq et al. (2023) + + + + + + + Low
Lu, Ortoleva et al. (2022) + ? ? + + + + Moderate
Djordjevic, Ivanov et al. (2022) + + + - + + + Moderate
Balik, Svobodova et al. (2022) + + + + + ? + Moderate
Powell, Haase et al. (2022) + + + - + + + Moderate
Mongero, Stammers et al. (2021) + + ? ? + ? + Serious
Alvarez, O'Malley et al. (2021) + + + - + + + Moderate
Salna, Fried et al. (2021) + + ? + ? + + Moderate
Verkerk, Dzierba et al. (2020) + + + + + + + Low
Merritt-Genore, Lyden et al. (2020) + ? + ? + + + Moderate
Lee, Moon et al. (2020) + + + + + + Moderate
Galvagno, Pelekhaty et al. (2020) + + ? ? + ? + Serious
Salna, Chicotka et al. (2018) + + + - + + + Moderate
Cho, Oh et al. (2018) + + + - + + + Moderate
Lazzeri, Bonizzoli et al. (2017) + + ? ? + ? + Serious
Kon, Dahi et al. (2015) + + + - + + + Moderate

(Standardized difference in means: 0.07, 95% CI: -0.03—
0.17, p=0.16) with negligible heterogeneity (I% 24.5%).

Length of hospital stay

Our analysis of 11 cohort studies (Fig. 5) indicates a non-
significant difference in the length of hospital stay for
non-obese individuals as compared to the obese individ-
uals who underwent ECMO procedure (SDM: -0.03, 95%
CIL: -0.19-0.12, p=0.67) with negligible heterogeneity (I*:
8.8%).

Duration of ventilation

Our analysis of 4 cohort studies (Fig. 6) indicates a non-
significant difference in the duration of ventilation for
non-obese individuals as compared to the obese individ-
uals who underwent ECMO procedure (SDM: -0.10, 95%
CI: -0.44—0.24, p=0.57) with negligible heterogeneity (I*:
12.9%).

Discussion
The results of our meta-analysis showed no substantial
correlation between obesity and post-ECMO mortality
outcomes. No difference was found between obese and
non-obese patients in terms of ECMO procedure dura-
tion, the length of hospital stay, and the duration of ven-
tilation required. Our results are particulary important
for nursing professionals who are providing holistic care
during ECMO interventions, and may serve to inform
nursing practices to tailor their care strategies effectively.
Obesity may lead to complications during ECMO pro-
cedures through several possible mechanisms [19, 20,
23]. The increased adipose tissue in obese patients can

pose challenges during cannulation, as it obscures the
underlying vessels and makes it difficult to identify suit-
able cannulation sites [1, 3, 6-9, 12, 19]. This may result
in suboptimal cannula positioning or vascular injuries
during insertion, leading to hemorrhage or improper
ECMO flow [23, 29, 31]. Altered respiratory mechanics
in obese patients, characterized by reduced lung compli-
ance and increased airway resistance, can impact efficient
oxygenation and carbon dioxide removal by the ECMO
system [23, 29]. As a result, inadequate oxygenation and
perfusion can cause hypoxemia and inadequate organ
support [5]. For instance, in obese individuals, changes in
chest wall resistance and lung compliance can complicate
respiratory function [32]. With respect to ECMO, oxy-
genation challenges may arise due to ventilation-perfu-
sion mismatch and atelectasis [33]. The removal of CO2
is impeded by these altered mechanics, potentially result-
ing in hypercapnia. While ECMO provides extracorpo-
real support for both oxygenation and CO2 removal, its
efficacy is influenced by various external factors, includ-
ing pump speed, blood flow rate, and the efficiency of the
oxygenator and sweep gas [34]. It is essential to recog-
nize that the effectiveness of ECMO is not solely deter-
mined by the inherent nature of the lung disease; rather,
it is a complex interplay of external parameters. In situ-
ations where lung mechanics are altered, patients may
require a prolonged duration of ECMO support, allow-
ing for sufficient time for the lungs to recover to a point
where they can adequately provide oxygenation and
ventilation. Therefore, tailoring ECMO configurations
and closely monitoring patients for dynamic adjust-
ments are crucial aspects for optimizing outcomes in
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Study name Statistics for each study

Odds Lower Upper

ratio limit limit Z-Value p-Value
Prasad, Elkholey et al. (2023) 0.506 0.287 0891 -2359 0.018
Peetermans, Guleret al. (2023) 0.896 0837 0959 -3.181 0.001
Javidfar, Zaaqoq et al. (2023) 1.159 0592 2269 0431 0667
Lu, Ortoleva et al. (2022) 1.886 1.087 3.274 2255 0.024
Djordjevic, lvanov et al. (2022) 1.885 0910 3.907 1.705 0.088
Balik, Svobodova et al. (2022) 1.039 0652 1655 0.159 0873
Powell, Haase et al. (2022) 0.610 0.240 1554 -1.035 0.301
Alvarez, O’Malley et al. (2021) 1.064 0519 2183 0.170 0.865
A Salna, Fried et al. (2021) 1.122 0687 1835 0461 0645
Verkerk, Dzierba et al. (2020) 0615 0223 1699 -0937 0.349
Merritt Genore, Lyden et al. (2020)2.858 1.253 6.519 2497 0.013
Lee, Moon et al. (2020) 0.170 0.042 0677 -2511 0.012
Galvagno, Pelekhaty et al. (2020) 0.635 0.221 1.830 -0.840 0.401
Salna, Chicotka et al. (2018) 1582 0855 2926 1461 0.144
Cho, Oh et al. 2018) 0.252 0.094 0679 -2726 0.006
Lazzeri, Bonizzoli et al. (2017) 0.236 0.082 0682 -2667 0.008
Kon, Dahi et al. (2015) 0.694 0.181 2664 -0532 0595
0.911 0.707 1172 -0.726 0.468
Study name Statistics with study removed
Lower Upper
Point limit limit Z-Value p-Value
Prasad et al. 2023 0.919 0.856 0.986 -2.346 0.019
Peetermans et al. 20230.995 0.831 1.192 -0.051 0.959
Javidfar et al. 2023 0.908 0.846 0975 -2.669 0.008
Lu et al. 2022 0.900 0.838 0.966 -2.917 0.004
Djordjevic et al. 2022 0.904 0.842 0.971 -2.788 0.005
Balik et al 2022 0.908 0.845 0.975 -2.664 0.008
Powell et al 2022 0.913 0.850 0.979 -2.538 0.011
Alvarez et al 2021 0.909 0.847 0.976 -2.637 0.008
B Salna et al 2021 0.907 0.844 0.974 -2.700 0.007
Verkerk etral. 2020 0.912 0.850 0.979 -2.550 0.011
Merritt et al. 2020 0.903 0.841 0969 -2.833 0.005
Lee et al. 2020 0.914 0852 0981 -2496 0.013
Galvagno etal. 2020 0.912 0.850 0.979 -2.558 0.011
Salna et al. 2018 0.904 0.842 0970 -2.792 0.005
Cho et al. 2018 0.916 0.854 0983 -2432 0.015
Lazzeri et al. 2017 0.916 0.854 0.983 -2433 0.015
Kon et al. 2015 0.911 0.849 0978 -2.585 0.010
0.910 0.849 0977 -2.610 0.009
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Fig. 2 (A) The comparative outcome between obese and non-obese patients who underwent ECMO procedure on overall mortality. (B) Leave one out

sensitivity analysis

these cases.Furthermore, obese patients with pre-exist-
ing cardiac issues may experience additional strain on
the heart due to the hemodynamic load imposed by the
ECMO circuit [5, 14]. This can lead to myocardial isch-
emia, arrhythmias, or cardiac arrest [17, 18]. Moreover,
obesity increases the risk of thromboembolic events,

making obese patients more susceptible to clot formation
within the ECMO circuit or embolization of clots to vital
organs [6, 8, 13, 21]. Impaired immune function in obese
patients also heightens the risk of potentially life-threat-
ening ECMO-related infections [3, 9, 10, 12].
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Fig.4 The comparative outcome between obese and non-obese individuals who underwent ECMO procedure on the overall duration of the procedure

In our study, we evaluated the comparative mortality
outcomes between obese and non-obese patients, under-
going ECMO. A study by Lu, Ortoleva et al. (2022) [16]
also reported lack of association between obesity and
mortality in their cohort, and provided several plausible
explanations for that observation. Firstly, 944 patients
in their cohort had missing BMI data, and the reported
in-hospital mortality rate was high (89.1%). Secondly,
while comorbidities were considered in the analysis,

the severity of illness before cannulation for VA-ECMO
was not accounted for. Thirdly, sample size in Lu, Ortol-
eva et al. (2022) study was small [16], which might have
hindered the detection of existing differences. Interest-
ingly Djordjevic, Ivanov et al. (2022) and Merritt-Genore,
Lyden et al. (2020) reported reduced mortality outcomes
in their obese cohort as compared to the non-obese
cohort who underwent ECMO procedure [15, 29]. Here,
the authors suggested that perhaps the reduction in the
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Fig. 6 The comparative outcome between obese and non-obese individuals who underwent ECMO procedures during the period of ventilation

mortality outcomes could be due to the obesity paradox
in individuals undergoing ECMO due to the potential
benefits provided by the increased adipose tissue. Obese
individuals may have greater nutritional and metabolic
reserves, which could help them withstand the stress
of ECMO support better [35]. Additionally, adipose tis-
sue produces certain protective hormones that may have
favorable effects on cardiovascular function and immune
response during critical illness [36, 37].

We also did not observe any significant difference in
ECMO procedure duration between obese and non-
obese individuals. This lack of difference can be explained
by recent advancements in ECMO technology and exper-
tise in managing obese patients which minimized any
potential procedural delays related specifically to obesity.
Additionally, the ECMO circuit could have been adapted
to accommodate the larger body size of obese patients,
allowing for adequate flow and gas exchange, which
could also reduce the differences in procedure dura-
tion. Finally, healthcare providers could have developed
standardized protocols and tailored strategies for obese

patients, optimizing patient positioning and cannula
placement, leading to comparable procedure durations.
All these reasons can also explain the lack of differences
in the duration of hospitalization and ventilation support
between obese and non-obese individuals observed in
our meta-analysis. Besides, as our findings indicate that
obesity does not significantly impact ECMO outcomes.
These findings can empower nurses to tailor care strat-
egies for obese patients, address specific challenges, and
contribute to collaborative decision-making. Based on
this information, nurses can focus on meticulous moni-
toring, educate and support patients based on evidence,
and actively participate in refining protocols to optimize
care for obese individuals on ECMO.

Limitation

Our study, despite its rigorous methodology, is not
immune to certain limitations inherent in non-random-
ized observational studies. Firstly, confounding bias, a
common concern in such research designs, arises from
the potential influence of unmeasured or unaccounted
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variables on the observed associations. Although we
employed careful study selection criteria and adjusted
our analyses where feasible, the diversity in method-
ologies, patient characteristics, and reporting practices
across the included studies introduces the possibility of
residual confounding. Addressing confounding bias in
the context of our research question is complex. While
some studies may have adjusted for relevant factors, the
variability in the control of confounders across the litera-
ture is a notable limitation. Secondly, there was variation
in the reported parameters across the studies included
in the review. For instance, mortality and ECMO pro-
cedure duration were the most widely evaluated out-
comes (i.e., reported by 17 and 18 studies), whereas the
duration of ventilation support was only reported by
four studies. This variation in unreported data could be
a source of heterogeneity in our analyses and could also
introduce bias in our results, making generalizability of
our findings difficult. Furthermore, while some studies in
the literature have employed propensity score matching
to address selection bias and confounding, our decision
to utilize unadjusted values was pragmatic. The diverse
methodologies and variable reporting across studies
made it challenging to uniformly apply propensity score
matching. This limitation underscores the importance
of interpreting our results with caution, recognizing the
potential impact of unmeasured confounders. Therefore,
we strongly recommend future studies to replicate our
findings in large-scale trials with consistent data report-
ing for obese and non-obese individuals undergoing
ECMO procedures to help develop more robust evidence
to guide clinicians in selecting appropriate strategies to
improve outcomes following ECMO.

Conclusions

In conclusion, this meta-analysis provides valuable
insights into the impact of obesity on ECMO outcomes.
It indicates that obesity alone does not significantly affect
mortality outcomes or the duration of the ECMO pro-
cedure. However, healthcare providers should be aware
of the challenges that obese patients may face during
ECMO and consider tailored management approaches
to optimize their care. This study contributes to a better
understanding of the role of obesity in ECMO and can
aid in improving the clinical decision-making process for
this specific patient population.
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