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Abstract
Introduction: With the increased demand for veno-venous extracorporeal membrane oxygenation (VV ECMO) during the
COVID-19 pandemic, guidelines for patient candidacy have often limited this modality for patients with a body mass index
(BMI) less than 40 kg/m2. We hypothesize that COVID-19 VV ECMO patients with at least class III obesity (BMI ≥ 40) have
decreased in-hospital mortality when compared to non-COVID-19 and non-class III obese COVID-19 VV ECMO
populations.
Methods: This is a single-center retrospective study of COVID-19 VV ECMO patients from January 1, 2014, to November
30, 2021. Our institution used BMI ≥ 40 as part of a multi-disciplinary VV ECMO candidate screening process in COVID-19
patients. BMI criteria were not considered for exclusion criteria in non-COVID-19 patients. Univariate and multivariable
analyses were performed to assess in-hospital mortality differences.
Results: A total of 380 patients were included in our analysis: The COVID-19 group had a lower survival rate that was not
statistically significant (65.7% vs.74.9%, p = .07). The median BMI between BMI ≥ 40 COVID-19 and non-COVID-19
patients was not different (44.5 vs 45.5, p = .2). There was no difference in survival between the groups (73.3% vs. 78.5%,
p = .58), nor was there a difference in survival between the COVID-19 BMI ≥ 40 and BMI < 40 patients (73.3, 62.7, p= .29).
Multivariable logistic regression with the outcome of in-hospital mortality was performed and BMI was not found to be
significant (OR 0.99, 95% CI 0.89, 1.01; p = .92).
Conclusion: BMI ≥ 40 was not an independent risk factor for decreased in-hospital survival in this cohort of VV ECMO patients
at a high-volume center. BMI should not be the sole factor when deciding VV ECMO candidacy in patients with COVID-19.
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Introduction

The 2019 novel coronavirus outbreak started in Wuhan,
China and rapidly spread worldwide causing the World
Health Organization (WHO) to declare a global health
emergency on January 20, 2020.1 On March 11, 2020, a
global pandemic was officially declared.2 SARS-CoV-2
(COVID-19) commonly causes respiratory symptoms
and in the most severe cases, acute respiratory distress
syndrome (ARDS).3 Some cases of COVID-19 ARDS
require veno-venous extracorporeal membrane oxygen-
ation (VV ECMO).3 However, with increased severity of
the pandemic, ECMO resources have become increas-
ingly limited, and efforts to discern which patients derive
the greatest benefit from this therapy have led to nu-
merous inclusion and exclusion criteria that are often
more stringent than criteria applied to non-COVID-19
ARDS.4

The Extracorporeal Life Support Organization
(ELSO) released interim guidelines for the selection of
patients for ECMO in COVID-195 which included
consideration of body mass index (BMI) during ca-
pacity limited situations. Subsequent guidelines from
ELSO removed the specific consideration of BMI but
significant comorbidities and individual institutional
guidelines remained as part of evaluation consider-
ation.6 A BMI greater than or equal to 40 kg/m2

(classified as class III obesity)7,8 is still used at facilities
including our own when evaluating patients for VV
ECMO.5 In COVID-19 patients not requiring VV
ECMO, increasing BMI corresponds with increased
risk of hospitalization, intensive care unit (ICU) ad-
mission, invasive mechanical ventilation, and increased
mortality.9,10 These findings might be partially ex-
plained at the cellular level with some studies that have
shown enhanced viral entry, inadequate immune re-
sponse and impaired viral clearance, and a pro-
inflammatory response from adipose cells leading to
cytokine storm in the obese patients with COVID-19.11

Though not specifically conducted in the VV ECMO
population, these studies suggest that critically ill, obese
COVID-19 patients have poor outcomes due to their
physiology.

The effects of BMI have been studied in the non-
COVID-19 VV ECMO population. In previous studies,
obesity was not associated with increased mortality in
the VV ECMO population12,13; even some patients with
BMIs greater than or equal to had favorable outcomes.14

In one small cohort of COVID-19 patients requiring VV
ECMO, obese patients were found to have improved
outcomes though this study compared patients with
BMIs above and below 30 kg/m2.15

The aim of this study was to examine in-hospital
mortality in obese COVID-19 and non-COVID-19

patients at a high-volume VV ECMO referral center. We
hypothesized that COVID-19 VV ECMO patients with
BMI ≥ 40 would have worse in-hospital mortality when
compared to non-COVID-19 VV ECMO patients with a
BMI ≥ 40. We also hypothesized that our BMI ≥ 40
COVID-19 VV ECMO patients would have greater in-
hospital mortality when compared to the BMI < 40
COVID-19 VV ECMO population.

Methods

Study design

This is a single center, retrospective chart review. This
study was approved by the University of Maryland
School of Medicine Institutional Review Board (HP-
00099397) and the need for written consent was
waived.

Patient selection

Patients were evaluated between January 1, 2014, and
November 30, 2021. All patients greater than or equal to
18 who were cannulated for peripheral VV ECMO were
screened for inclusion. Patients placed on VV ECMO for
trauma-related respiratory failure and patients with an
alternate canulation strategy (veno-arterial, VVA, VAV)
were excluded.

COVID-19 VV ECMO candidate selection

Our institution utilizes a multi-disciplinary approach
for VV ECMO candidate selection. On each referral
call, an intensivist from the Critical Care Resuscitation
Unit (CCRU),16 an intensivist from the Lung Rescue
Unit (LRU),17 and a cardiac surgeon discuss the case
and apply institutional guidelines for selection. The
Critical Care Resuscitation Unit is a receiving intensive
care unit (ICU) for the R Adams Cowley Shock Trauma
Center and the University of Maryland Medical Center
and the Lung Rescue Unit is a dedicated VV ECMO
ICU.

Since the beginning of the pandemic, BMI (<40 kg/
m2) has been used as part of the COVID-19 VV ECMO
candidate screening process. Other screening guidelines
included age ≤ 55, co-morbidities, end organ function,
laboratory values, and ventilator settings and all guide-
lines were based on available literature.5,6,18 Gender and
race were not used as part of selection guidelines; how
ever, this information was collected as part of our elec-
tronic medical record so available for a retrospective
analysis. Physician discretion prevailed in borderline
cases.
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Data storage and analysis

Study data were collected and managed using REDCap
electronic data capture tools hosted at the University of
Maryland.19,20 REDCap (Research Electronic Data
Capture) is a secure, web-based application designed to
support data capture for research studies, providing: 1)
an intuitive interface for validated data entry; 2) audit
trails for tracking data manipulation and export pro-
cedures; 3) automated export procedures for seamless
data downloads to common statistical packages; and 4)
procedures for importing data from external sources.

Survival was determined at hospital discharge.
Centers for Disease Control and Prevention (CDC) and
World Health Organization (WHO) definitions for
body mass index were utilized.7,8 Weight classes were
used in our analysis including normal and overweight
(BMI 18.5–29.9 kg/m2), class I and class II obesity (BMI
30–39.9 kg/m2), and class III obesity (BMI ≥ 40 kg/m2).
As described by Kon et al.,14 class III obesity was further
separated into BMI ≥ 50 kg/m2 for analysis.

The primary outcome was in-hospital mortality. Our
secondary outcome was patient in-hospital mortality in
BMI ≥ 40 patients with and without COVID-19 on VV
ECMOandCOVID-19 patients that did and did not have
a BMI ≥ 40. Parametric or nonparametric statistics were
used based on the nature of the data. Normality was
assessed with the Shapiro-Wilk test, and examination of
stem-and-leaf as well as q-q plots. The student’s t-test was
used to assess differences with parametric continuous
data and the Kruskal-Wallis and Wilcoxon rank sum
tests were used to analyze nonparametric data. Normally
distributed data were presented with mean and standard
deviation (SD) while nonnormally distributed data was
presented with median and quartiles (Q1-Q3). Chi
square tests were used to analyze categorical data. All tests
were two-tailed and a p value of < .05 was used to define
statistical significance.

Logistic regression, with calculation of robust stan-
dard errors, was performed after variables were selected
based on Akaike’s information criterion (AIC) and
commonly used patient information and selection
guidelines from our institution. Regression diagnostics
were performed including a link test to assure proper
model specification and the Hosmer-Lemeshow chi-
square goodness-of-fit test. Model fit (p = .49) and
specification were confirmed. Deviance residuals and
Pearson residuals as well as leverage and influence were
also assessed to confirm the required assumptions for
the logistic regressionmodel. All tests were performed in
Stata version 17 (StataCorp. 2021. Stata Statistical
Software: Release 17. College Station, TX: StataCorp
LLC) and GraphPad Prism 7.0 for Mac (GraphPad
Software, La Jolla, CA).

Results

Demographics and characteristics

A total of 517 records were screened for inclusion
criteria during the study period. There was a total of 380
patients: 105 patients were COVID-19 positive and 275
were COVID-19 negative (Table 1). The median total
age was 43 with 64.2% being male with an overall BMI of
33.1 and overall survival rate of 72.4%. There was no
difference in age or sex between the COVID-19 and
non-COVID-19 groups. More COVID-19 VV ECMO
patients were Hispanic (47.6% vs. 5.5%, p < .001) while
more non-COVID-19 patients were Caucasian and
African American. Non-COVID-19 patients had more
asthma/chronic obstructive pulmonary disease (COPD)
and substance abuse diagnoses. Each group had similar
median BMIs (34.2 vs 32.6, p = .22). Both ECMO length
in hours and hospital length of stay (LOS) in days was
significantly longer in the COVID-19 VV ECMO group.
The Sequential Organ Failure Assessment (SOFA) score
was higher in the non-COVID-19 group (10.49 vs 11.33,
p = .01) and the Respiratory ECMO Survival Prediction
(RESP) score was lower in the non-COVID-19 group (4
vs 3, p < .001). The COVID-19 group appeared to have a
lower survival rate that was not statistically significant
(65.7% vs. 74.9%, p = .07).

Comparison of COVID-19 and non-COVID-19 VV
ECMO patients with BMI ≥ 40 kg/m2

Thirty patients in the COVID-19 group and 65 pa-
tients in the non-COVID-19 group had a BMI ≥ 40
(Table 2). COVID-19 patients were significantly
younger (37 vs 44, p = .04), had significantly longer time
on ECMO, longer hospital LOS, and higher RESP scores
(5 vs 3, p = .01). The median BMI was not different
between groups (44.5 vs 45.5, p = .2). There was no
difference in survival between the groups (73.3% vs.
78.5%, p = .58).

A multivariable logistic regression was then per-
formed with in-hospital mortality as the dependent
variable. Only the RESP score was significant (OR 0.63,
95% CI 0.48, 0.82, p = .001) with a higher RESP score
corresponding to improved survival.

Comparison of COVID-19 VV ECMO patients
by BMI

There were 30 patients in the COVID-19 BMI ≥ 40
group and 75 patients in the COVID-19 BMI < 40 group
(Table 2). Patients in the ≥ 40 group were significantly
younger (37 vs 45, p = .002). There was no difference in
sex, ECMO length, LOS, or SOFA score. RESP score was
significantly higher in the ≥ 40 group (5 vs 4, p = .01). A
higher proportion of patients with BMI ≥ 40 survived;
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however, this was not statistically significant (73.3 vs
62.7, p = .29).

Multivariable logistic regression was performed with
mortality as the dependent variable. Female sex was
found to correlate with improved survival (OR 0.12, 95%
CI 0.03, 0.66, p= 0.014). BMI was not found to be
significantly associated with mortality (OR 0.99, 95% CI
0.89, 1.01, p = .92).

Survival analysis in the COVID-19 population was
performed based on BMI (Figure 1). Patients with a
BMI 18.5 to 29.9 had a survival rate of 61.3% (19/31).
Patients with a BMI 30 to 39.9 had a 63.4% survival
(26/41). Patients with a BMI ≥ 40 were split into 2
groups to further evaluate findings from Kon et al.14:
BMI 40-49.9 (survival 78.6%, 22/28) and BMI ≥ 50
(survival 40%, 2/5). There was no statistical difference
between the groups (p = .27). A Kaplan-Meier survival
curve was then constructed with the described groups
which did not demonstrate a mortality difference

between the groups (Figure 2) (Mantel-Cox log-rank
test 0.418).

Discussion

ECMO in the obese population

In this cohort of COVID-19 and non-COVID-19 VV
ECMO patients at a high-volume ECMO referral center,
BMI ≥ 40 was not associated with worse in-hospital
mortality. Prior to the pandemic, regardless of VV
ECMO indication, obesity was not considered a contra-
indication to VV ECMO,12,21 and even patients with a
BMI greater than 50 demonstrated similar outcomes
compared to non-obese VV ECMO patients.14 Whereas
obesity can pose challenges for the ECMO management
team, including cannulation, prone positioning, and
ventilator management, these challenges have not trans-
lated to poor outcomes.22 Prior to the pandemic, VV

Table 1. Demographics and Characteristics of all VV ECMO, COVID-19 and non-COVID-19 patients. Percentages calculated as a
proportion of the individual group. BMI Measurements expressed as kg/m2.

All patients (n= 380) COVID-19 Patients
(n= 105)

Non-COVID-19 patients
(n= 275)

p value

Age- median (Q1-Q3) 43 (32-52.5) 43 (34-49) 43 (31-54) 0.97
Gender-male (n, %) 244 (64.2) 74 (70.5) 170 (61.8) 0.12
Race
Caucasian (n, %) 134 (35.3) 14 (13.3) 120 (43.6) <0.001
Hispanic (n, %) 65 (17.1) 50 (47.6) 15 (5.5) <0.001
African American (n, %) 146 (38.4) 31 (29.5) 115 (41.8) 0.03
Other (n, %) 35 (9.2) 10 (9.6) 25 (9.1) 0.90

Comorbidities
Smoker (n, %) 4 (1.1) 4 (3.8) 0 —

Asthma/COPD (n, %) 79 (20.8) 9 (8.6) 70 (25.5) <0.001
DM (n, %) 62 (16.3) 18 (17.1) 44 (16) 0.79
CHF (n, %) 18 (4.7) 0 18 (6.5) —

CAD (n, %) 23 (6.1) 0 23 (8.3) —

Cancer/malignancy (n, %) 19 (5) 0 19 (6.9) —

Liver disease/failure (n, %) 26 (6.8) 0 26 (9.5) —

Substance abuse (n, %) 66 (17.4) 2 (1.9) 64 (23.3) <0.001
Perniatal (n, %) 15 (3.9) 4 (3.8) 11 (4) 0.93
HIV (n, %) 9 (2.4) 0 9 (3.3) –

BMI- median (Q1-Q3) 33.1 (26.95-39.98) 34.2 (28.7-40.43) 32.6 (26.3-38.9) 0.22
ECMO length in hours- median (Q1-Q3) 408 (216-744) 838 (528-1499) 312 (191-552) <0.001
Hospital LOS in days-median (Q1-Q3) 35 (20-57) 51 (32-82) 30 (17-51) <0.001
SOFA- mean (SD) 11.09 (3) 10.49 (2) 11.33 (3) 0.01
RESP- median (Q1-Q3) 3 (1-5) 4 (2-5) 3 (0-5) <0.001
Survivors (n, %) 275 (72.4) 69 (65.7) 206 (74.9) 0.07

Abbreviations: Body mass index, BMI; Congestive heart failure, CHF; Chronic obstructive pulmonary disease, COPD; Coronary artery disease, CAD;
Diabetes mellitus, DM; Extracorporeal membrane oxygenation, ECMO; Human immunodeficiency virus, HIV; Length of stay, LOS; Respiratory ECMO
survival prediction, RESP; Sequential organ failure assessment, SOFA
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ECMO was shown to be safe and effective in the obese
population and at our institution, prior to COVID-19,

BMIwas not included in our selection guidelines.With the
rise in severe ARDS COVID-19 cases, additional guide-
lines were established to aide in the evaluation of VV
ECMO candidates and based on the anticipated care
challenges with obese patients, BMI criteria was added as a
criterion.5

Although obesity has been identified as a risk factor for
worse outcomes in COVID-19,23-25 This study may add to
an existing body of literature that supports the “obesity
paradox” in critically ill patients. In some studies, obese
patients have been shown to have equivocal, or even
improved outcomes compared to non-obese patients,26,27

whereas others have questioned the validity of this ob-
servation when appropriate statistical controls were im-
plemented.28 Whereas obesity places patients at risk for
hypertension, diabetes, heart disease, and other disease in
the normal population, the reasons why obesity in criti-
cally ill patients is associated with lower mortality in the
critically ill is not fully understood.27,29 Potential expla-
nations for the obesity paradox in critically ill patients may
be related to anti-inflammation, higher energy reserves,
greater endotoxin neutralization, increased adrenal steroid
synthesis, renin-angiotensin system activation, car-
dioprotective metabolic effects, and prevention of muscle
wasting in the obese.30

Our results are in contradistinction to a recently
published study of over 35,000 patients hospitalized
with COVID-19 in the Netherlands published by
Kooistra et al.31 In the Dutch study, patients with
COVID-19-related respiratory failure had worse mor-
tality. Other studies that have examined outcomes in
COVID-19 patients who require mechanical ventilation,
concluding that although higher driving pressures and

Table 2. Comparison of COVID-19 and non-COVID-19 VV ECMO Patients of Various Body Mass Indices. BMI measurements expressed
as kg/m2

COVID-19 patients
BMI ≥ 40 (n= 30)

Non-COVID-19 patients
BMI ≥ 40 (n= 65)

COVID-19 patients
BMI < 40 (n = 75)

p value*
COVID/Non

p value**
COVID BMIs

Age- median (Q1-Q3) 37 (29–43) 44 (31–53) 45 (37–51) 0.04 0.002
Gender- male (n, %) 19 (63.3) 33 (50.8) 55 (73.3) 0.26 0.31
BMI- median (Q1-Q3) 44.5 (41.6–48.63) 45.5 (42.1–50.5) 31.9 (26.81–35.2) 0.20 <0.001
ECMO length in hours-
median (Q1-Q3)

791.5 (552–1416) 336 (216-552) 838 (480–1536) <0.001 0.92

Hospital LOS in days-
median (Q1-Q3)

52 (38–85) 35 (18–50) 50 (30-76) <0.001 0.41

SOFA- mean (SD) 10.77 (2) 11.49 (4) 10.37 (2) 0.50 0.89
RESP- median (Q1-Q3) 5 (4–6) 3 (1-5) 4 (2–5) 0.01 0.01
Survivors (n, %) 22 (73.3) 51 (78.5) 47 (62.7) 0.58 0.29

*p Value COVID/Non compared the COVID-19 Patients BMI ≥ 40 with Non-COVID-19 Patients BMI ≥ 40
**p Value COVID BMIs compared COVID-19 Patients BMI ≥ 40 with COVID-19 Patients BMI < 40
Abbreviations: Body mass index, BMI (measured in Kg/m2); Extracorporeal membrane oxygenation, ECMO; Length of stay, LOS; Respiratory ECMO
survival prediction, RESP; Sequential organ failure assessment, SOFA

Figure 1. Survival Across a Range of Body Mass Indices in
COVID-19 Patients. Survival reported as percentage of total
for each body mass index category. Body mass index range
divided as: normal and overweight (BMI 18.5–29.9 kg/m2), class I
and class II obesity (BMI 30–39.9 kg/m2), and class III obesity
(BMI ≥ 40 kg/m2). Class III obesity was further separated into BMI
≥ 50 kg/m2 for analysis.
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positive end-expiratory pressure was required in obese
patients, mortality was not worse.32 Regardless of the
observations found in our study, obesity is associated
with increased risk for organ failures such as acute
kidney injury, infection, and may require adjustments
for drug dosing and nutrition prescriptions.29 Despite
the challenges associated with performing procedures,
diagnostic tests, and other logistical problems, the re-
sults of our study do not support withholding VV
ECMO therapy for BMI ≥ 40 patients and support the
current ELSO guidelines which removed obesity as a
specific consideration in resource limited situations.6

Additional data from larger, multi-institutional studies
is needed to confirm or refute our results.

Limitations
This is a retrospective, observational single center study.
Applicability to other institutions may be limited. Wemay
have observed a selection bias in patients with morbid
obesity cannulated for VV ECMO. Specifically, when
examining BMI ≥ 40 COVID-19 and BMI < 40 COVID-
19 patients on VV ECMO, the BMI ≥ 40 group was
younger with higher RESP scores. This indicates that
BMI ≥ 40 COVID-19 patients are predicted to have better
outcomes compared to their BMI < 40 COVID-19
counterparts. We also had a fewer number of BMI ≥
40 COVID-19 patients on VV ECMO so we may have
screened for healthier and younger BMI ≥ 40 patients
overall though non-selected patients were not examined as
part of this study.

Also, our study was not larger enough to employ
additional statistics to examine the potential for an
obesity paradox without the risk of overfitting models.

Larger studies comparing BMI ≥ 40 patients with similar
risk stratification scores for outcomes is required to
confirm our findings.

Conclusions

Our large, retrospective, single-center study demonstrated
that COVID-19 VV ECMOpatients with a BMI ≥ 40 have
similar mortality rates compared to non-COVID-19 VV
ECMO patients with a BMI ≥ 40 and COVID-19 VV
ECMO patients with a BMI < 40. The COVID-19 BMI ≥
40 patients had other screening characteristics indicating
that they may have had a higher chance of survival
compared to their non-COVID-19 and COVID-19 BMI <
40 counterparts. Developing accurate screening tools and
identifying patients who would most benefit from VV
ECMO is important, especially in resource limited situ-
ations. Our study indicates that obesity in the COVID-19
population should not be used in isolation when selecting
or declining patients for VV ECMO.
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