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Abstract
Introduction:Obesity is associated with a worse prognosis in COVID-19 patients with acute respiratory distress syndrome
(ARDS). Veno-venous (V-V) Extracorporeal Membrane Oxygenation (ECMO) can be a rescue option, however, the direct
impact of morbid obesity in this select group of patients remains unclear.
Methods: This is an observational study of critically ill adults with COVID-19 and ARDS supported by V-V ECMO. Data are
from 82 institutions participating in the COVID-19 Critical Care Consortium international registry. Patients were admitted
between 12 January 2020 to 27 April 2021. They were stratified based on Body Mass Index (BMI) at 40 kg/m2. The endpoint
was survival to hospital discharge.
Results: Complete data available on 354 of 401 patients supported on V-V ECMO. The characteristics of the high BMI
(>40 kg/m2) and lower BMI (≤40 kg/m2) groups were statistically similar. However, the ‘high BMI’ group were com-
paratively younger and had a lower APACHE II score. Using survival analysis, older age (Hazard Ratio, HR 1.49 per-10-
years, CI 1.25–1.79) and higher BMI (HR 1.15 per-5 kg/m2 increase, CI 1.03–1.28) were associated with a decreased patient
survival. A safe BMI threshold above which V-V ECMO would be prohibitive was not apparent and instead, the risk of an
adverse outcome increased linearly with BMI.
Conclusion: In COVID-19 patients with severe ARDS who require V-V ECMO, there is an increased risk of death associated
with age and BMI. The risk is linear and there is no BMI threshold beyond which the risk for death greatly increases.
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Introduction

The potential effectiveness of veno-venous (V-V) Extra-
corporealMembraneOxygenation (ECMO) for severe acute
respiratory distress syndrome (ARDS) has been demon-
strated in two randomized-controlled trials.1,2 During the
Influenza A H1N1 pandemic, V-V ECMO was associated
with a 71% survival to intensive care unit (ICU) discharge.3

More broadly in patients with severe respiratory failure,
EOLIA andCESAR showed improved outcomes for patients
who received their care at a high volume ECMO center.1,2 A
portion of patients with Severe Acute Respiratory Syndrome
Coronavirus 2 (SARS-CoV-2) go on to develop severe re-
spiratory failure refractory to mechanical ventilation and
require extracorporeal support. Similar to its use in the
treatment of other respiratory viruses, ECMO provided a
viable rescue option. In an early analysis of Extracorporeal
Life Support Organization (ELSO) registry data, the esti-
mated in-hospital 90-day mortality was 37% for COVID-19
infected patients on V-V ECMO.4

Obesity has been associated with worse outcomes in
COVID-19 infected patients and is prevalent in the
United States.5 Twenty percent of the population have
Class 2 Obesity with a Body Mass Index (BMI) 35–
39.9 kg/m2 and 10% have Class 3 obesity (BMI >40 kg/
m2).6 Patients with Class 3 Obesity often have metabolic
syndrome and carry the associated comorbidities of
diabetes and hypertension.7 Additional risk factors for
poor outcomes in COVID-19 include advanced age, and
chronic pulmonary disease.8 Obese patients with
COVID-19 infection have experienced higher rates of
hospitalization and ICU admission for severe respira-
tory difficulties,9,10 This is likely attributed to the im-
paired respiratory mechanics and exercise intolerance
caused by morbid obesity. As such, effective respiratory
support in obese patients requiring mechanical venti-
lation or V-V ECMO can be a challenge.11

The impact of Class 2 or 3 Obesity on patients with
ARDS secondary to COVID-19 who then require
ECMO remains under explored. In the initial COVID-
19 ELSO guidelines, Class 3 Obesity or a BMI >40 kg/m2

was a relative contraindication for ECMO.12 However,
this was based on the limited available evidence at the
time and through gained experience, reconsideration of
patient selection criteria may be needed.

The COVID-19 Critical Care Consortium (CCCC) is
an international registry currently of 240 hospitals in 54
nations enrolling critically ill patients with COVID-19. It
was formed to create a platform to prospectively collect
data in ICU patients with the SARS-CoV-2 virus and allow
for real time analysis of a litany of variables and factors
impacting outcomes such as patient survival. This included
collecting data in collaboration with ELSO on patients
requiring ECMO. The aim of our study is to use the CCCC

database to examine the effect of BMI on the outcome of
obese patients with COVID-19 that went on to develop
ARDS requiring veno-venous ECMO. We will assess for
an association between obesity and poor outcomes so that
it may better inform selection criteria for V-V ECMO.

Patients and methods

Study design

This is an observational study of critically ill, adult
patients with COVID-19 supported by V-V ECMO. At
the time of analysis the data were drawn from 82 in-
stitutions participating in the CCCC international
registry. Each participating institution obtained Insti-
tutional Review Board approval and waivers of informed
consent were granted at each site. Site-specific investi-
gators received detailed instructions by the Con-
sortium’s data team. A data dictionary was used to
gather and record the patient data. (Supplemental Data
Dictionary) Specialized case report forms were com-
pleted for patients on ECMO. The data were then de-
identified and using Research Electronic Data Capture
(REDCap) submitted to an encrypted central repository,
hosted by the Oxford University, United Kingdom. The
full protocol for the wider study has been published.13–15

This study examined patients admitted between 12
January 2020 to 27 April 2021. We included adults (18
years or older) with confirmed COVID-19 who required
V-V ECMO in addition to invasive mechanical venti-
lation. The primary outcomes were survival to discharge
and death at 90 days following ECMO cannulation.

Data collection

The collected data included demographics, comorbid
conditions, date of admission and discharge from the
ICU, the Acute Physiologic Assessment and Chronic
Health Evaluation II (APACHE II) Score, and the Se-
quential Organ Failure Assessment (SOFA) score, rel-
evant laboratory tests, mechanical ventilation settings
and the time of initiation and discontinuation of in-
vasive mechanical ventilation, and adjunctive therapies
including prone positioning before and during ECMO
support. For patients supported on ECMO, the time of
cannulation and decannulation, mode of ECMO sup-
port, and ECMO complications were recorded. Center-
specific data included the country and location, and the
number of patients on ECMO support.16

Statistical analysis

For descriptive statistics we dichotomized the patients
into those with a BMI greater than 40 kg/m2 vs. less
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than or equal 40 kg/m2. We used median values with
interquartile ranges (IQR) to summarize continuous
variables. Multi-state survival analysis was used to
explore the effect of Class 3 Obesity on patient sur-
vival to hospital discharge and death. To implement
the model, we followed patients from the date of
ECMO initiation until death or date of discharge,
which are competing risks. To model the impact of
patients with Class 2 Obesity we revised the BMI
threshold to 35 kg/m2. This then shifted Class 2 and 3
Obesity into the ‘High BMI’ cohort, to assess for a
clinical difference in V-V ECMO patients.

The data were examined to gain insights on the ef-
fects of BMI on the final outcome of death or discharge.
Potential confounders of the association between BMI
and death/discharge were identified based on previously
published studies, the clinically relevant factors for
decision making, and differences in baseline
characteristics.17,18 The confounders included age, sex,
date and APACHE II score. Date was added to adjust for
trends over time in death and discharge. Continuous
variables were scaled so that the hazard ratios (HR) were
more clinically relevant, using a per 10-year increase for
age and per 5 kg/m2 increase for BMI.

A sub-distribution hazard to examine the cumu-
lative risks of BMI on death and discharge was used.
Ninety-five percent confidence intervals (CI) for the
hazard ratios instead of p-values were used as this
permitted focus on the size of the estimated effects and
their uncertainty, which are more clinically relevant
than tests of statistical significance.19 Missing data for
BMI by was handled by conducting multiple impu-
tation. Patients with an unknown outcome or still
alive at 90 days were censored and so still contributed
to the estimates of risk for death and discharge. Leave
one out sensitivity analysis were used to check if the
survival results were strongly influenced by one site.
The deviance information criteria was used to select
the best model and to determine the BMI threshold for
death or discharge by testing thresholds from 25 to
40 kg/m2 in steps of 5 kg/m2.

We used R Version 4.0.2 (R Foundation for Statistical
Computing, Vienna Austria) for all analyses with the
corresponding reference.20,21 The cumulative frequency
models were fitted using the “cmprsk” package.22 All the
R code used in the analysis is available online.23

Results

A total of 401 patients with severe COVID-19 associated
ARDS required V-V ECMO for respiratory support at 82
global collaborating sites. Sixteen patients were excluded as
they had insufficient information on the dates of ECMO,

discharge and death, leaving a total of 385 patients available
for analysis. A further 31 patients were marked as missing
due to incomplete BMI data. The resulting study sample
size was 354 patients. (Figure 1) The admission dates were
between 12 January 2020 and 27 April 2021. Most cases
were in the United States, Western Europe (Italy, Belgium,
and Germany) and Colombia. (Supplemental Table 5)
Patients were predominantly male (71%) and white (44%).
The median age (IQR) was 52 years (IQR 44–60) and the
median BMI was 30 kg/m2 (26–35). The cannulations for
V-V ECMO were exclusively percutaneous and no re-
ported cannula site vascular injuries. There was a 2% in-
cidence of significant cannulation site bleeding among the
354 patients. There was no statistical difference when the
data was stratified by BMI for subgroup analysis.

Patients were stratified into a ‘Lower BMI’ group
(BMI ≤40 kg/m2), which included normal BMI, as well as
Class 1 & 2 Obesity (N = 315), and ‘High BMI’ group
(Class 3 Obesity, BMI >40 kg/m2, N = 39). The severity of
their critical illness was comparable, however, there was a
trend towards the high BMI group being younger [median
age (IQR) 40 years (34–51) versus 53 years (46–61)] and
with a lower median APACHE II score [high BMI group
14 (9–19) versus lower BMI group 19 (11–24)]. (Figure 2)
Otherwise the co-morbidities were clinically similar in the
two groups with diabetes mellitus, hypertension, and
smoking being the most common in COVID-19 patients
requiring ECMO. The time of onset of symptoms to
hospital admission was slightly shorter (median 2 days
less) in the high BMI group. This was also true for time
from intubation to ECMO cannulation. (Table 1)

Both groups met the clinical definition of ARDS at
time of ECMO cannulation, but the P:F ratio was
worse in high BMI group. The median PaO2/FiO2

(IQR) was 71 (57–101) vs. 88 (65–129) in the lower
BMI group. The pre-ECMOmedian PaCO2 (IQR) was
51 mmHg (45–60 mmHg) in the high BMI group vs.
49 mmHg (40–60 mmHg) in the lower BMI group.
The static compliance was slightly lower in the high
BMI group with median (IQR) 24 mL/cm H2O (19–
30 mL/cm H2O) in comparison to those in the lower
BMI group 25 mL/cm H2O (19–33 mL/cm H2O). The
median duration on ECMO, mechanical ventilation,
and ICU length of stay were comparatively lower in
the high BMI group. (Table 2)

To further assess the impact of Class 2 and 3Obesity on
V-V ECMO patients with COVID-19 related ARDS we
lowered the BMI threshold to 35 kg/m2. The demographics
were similar when patients were stratified at the lower
BMI. (Supplemental Table 1) This was also the case for the
pre-ECMO respiratory support characteristics and post-
ECMO outcomes. (Supplemental Table 2) The outcomes
of patients on V-V ECMO at both thresholds were
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comparable in the high and lower BMI groups. (Table 3
and Supplemental Table 3)

Models of death and discharge

A multi-state survival model to estimate the effect of
continuous BMI on the patients’ outcomes was used.
There was a steady accumulation of death and discharge
in both groups up to 90 days from initiation of ECMO.
(Supplemental Figure 1) Older age (per-every-10 years)
was associated with a decrease in the hazard of discharge
(HR 0.69, CI 0.59–0.81) and increase the hazard of death
(HR 1.49, CI 1.25–1.79). Higher BMI (per-every-5 kg/
m2) was associated with decreased survival or increased
hazard of death (HR = 1.15 per 5 kg/m2, CI 1.03–1.28).
(Table 4) The cumulative survival curves show no
significant difference at the BMI threshold of 40 kg/m2

which is consistent with this continuous variable

carrying an additive risk. (Figure 3) Sensitivity analyses
showed that variabilities between sites were small and no
one site overly influenced outcomes. (Figure 4)

Of note, two patients from different centers had ex-
tremely high BMIs (>70 kg/m2). A sensitivity analysis was
repeated with these two patients excluded. There was no
difference in the end results of age (+10 years, HR 1.37 CI
1.13–1.68) and BMI (every 5 kg/m2, HR 1.20 CI 1.06–1.35)
carrying a negative additive impact on patient survival.

Threshold for body mass index effect

To account for the definitions of Class 2 and Class 3
Obesity, BMI thresholds of 40 kg/m2 (Tables 1, 2, 3, and
4) and 35 kg/m2 (Supplemental Tables 1–4) were mod-
eled. They showed two similarly characterized cohorts
and there were no clinically significant differences at the
two thresholds. The deviance information criteria results

Figure 1. Patient selection algorithm. BMI at 40 kg/m2 threshold. ARDS: acute respiratory distress syndrome; BMI: body mass index.
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Table 1. Patients characteristics comparing lower body mass index patients to high bmi patients at time of veno-venous ECMO
initiation.

Study population
(N = 354)

Lower BMI (≤40 kg/m2)
(N = 315)

High BMI (>40 kg/m2)
(N = 39)

Age, years 52 (44–60) 53 (46–61) 40 (34–51)
Sex
Male 250 (71%) 229 (73%) 21 (54%)
Female 104 (29%) 86 (27%) 18 (46%)

Race/ethnicity
White 154 (44%) 144 (46%) 10 (26%)
Hispanic 74 (21%) 69 (22%) 5 (13%)
Asian 44 (12%) 40 (13%) 4 (10%)
Black 35 (10%) 22 (6%) 13 (33%)
Others 47 (13%) 40 (13%) 7 (18%)

BMI (kg/m2) 30 (26–35) 29 (26–33) 44 (42–46)
Acute physiology score II (APACHE II) 18 (11–24) 19 (11–24) 14 (9–19)
Sequential organ-function assessment (SOFA) score 7 (5–10) 7 (5–10) 6 (4–10)
Pregnancy 6 (2%) 3 (1%) 3 (8%)
Co-morbidities
Immunocompromised or transplant patient 3 (1%) 3 (1%) 0
Hypertension 149 (42%) 136 (43%) 13 (33%)
Diabetes 88 (25%) 77 (24%) 11 (28%)
Active smoker 65 (18%) 59 (19%) 6 (15%)
Chronic pulmonary disease 10 (3%) 8 (3%) 2 (5%)
Asthma 8 (2%) 8 (3%) 0
Chronic cardiac disease 21 (6%) 20 (6%) 1 (3%)
Chronic kidney disease 12 (3%) 12 (4%) 0
Alcohol abuse 8 (2%) 8 (3%) 0
Malignancy 9 (3%) 8 (3%) 1 (3%)

Time from first symptoms to hospital admission, d 10 (6–16) 10 (6–16) 8 (4–12)
Time from intubation to ECMO, d 6 (2–10) 6 (2–10) 4 (0–6)

Summary Statistics are median (inter-quartile range) or n (%). ECMO: Extracorporeal membrane oxygenation; BMI: body mass index; d: days.

Figure 2. Study group characteristics, BMI at 40 kg/m2 threshold: There was a trend towards the high BMI group being younger and with
a lower APACHE II score. BMI: body mass index.
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showed that the best model was that without a clear
threshold. This indicates that there may not be a “safe”
BMI, or a BMI beyond which risk greatly increases. The
models for death similarly showed that the risk was linear
and there was no clear risk threshold.

Discussion

V-V ECMO is an increasingly utilized management
modality for refractory respiratory failure secondary to

ARDS in patients with COVID-19. As with any treat-
ment or surgical procedure, patient selection directly
impacts outcomes. In the case of ECMO where there
often is a limit of physical ICU space, ECMO circuits or
specialized staff to care of patients on ECMO, the
pandemic makes responsible resource stewardship all
the more important. Simply put, there are not enough
ECMO circuits for all the adults with severe ARDS. As
clinicians, we circle back to patient selection to deter-
mine who would truly benefit from this limited resource.

Table 2. Patients pre-ECMO respiratory support characteristics and post-ECMO outcomes, grouped by Body Mass Index (BMI
40 kg/m2 threshold).

Study population
(N = 354)

Lower BMI
(≤40 kg/m2) (N = 315)

High BMI
(>40 kg/m2) (N = 39)

Ventilatory parameters
FiO2 100% 100% 100%
PEEP, cm H2O 12 (10–14) 12 (10–14) 12 (11–16)
Static compliance, mL/cm H2O 25 (19–33) 25 (19–33) 24 (19–30)
PaO2/FiO2 86 (63–127) 88 (65–129) 71 (57–101)
PaCO2 50 (40–60) 49 (40–60) 51 (45–60)

Pre-ECMO prone positioning 211 (60%) 191 (61%) 20 (51%)
Duration of mechanical ventilation, d 24 (14–38) 24 (14–40) 16 (9–32)
Duration on ECMO, d 16 (8–28) 16 (8–28) 14 (8–25)
Hospital length of stay, d 32 (18–52) 32 (20–52) 28 (14–36)
Intensive care unit length of stay, d 28 (18–46) 30 (18–46) 24 (13–36)

Data are median (inter-quartile range) or n (%). ECMO: extracorporeal membrane oxygenation; PEEP: positive end-expiratory pressure; BMI: body mass
index; d: days.

Table 3. Outcomes on V-V ECMO (threshold, 40 kg/m2).

Outcome Study population
(N = 354)

Lower BMI (≤40 kg/m2)
(N = 315)

High BMI (>40 kg/m2)
(N = 39)

Discharged to other facilities 136 (39%) 117 (37%) 19 (49%)
Remain in the hospital 75 (21%) 72 (23%) 3 (8%)
In-hospital death 143 (40%) 126 (40%) 17 (43%)

Data are n (%), BMI: body mass index; d: days.

Table 4. Estimated risk of death and discharge, (threshold, 40 kg/m2).

Death Discharge

Variable HR 95% CI HR 95% CI

Age (+10 years) 1.49 1.25–1.79 0.69 0.59–0.81
Time on ECMO (+1 month) 1.07 1.02–1.12 0.84 0.79–0.91
Male sex 1.31 0.90–1.91 0.90 0.62–1.31
BMI (+5 kg/m2) 1.15 1.03–1.28 1.01 0.91–1.12
APACHE II score <18 1.11 0.68–1.79 1.20 0.74–1.95

ECMO: extracorporeal membrane oxygenation; BMI: body mass index; APACHE II Score: acute physiologic assessment and chronic health evaluation ii
score; HR: hazard ratio; CI = confidence interval. *The median APACHE II score was 18.
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Figure 3. Cumulative probabilities over time of survival, stratified by a BMI threshold of 40 kg/m2: The cumulative survival curves show
no significant difference at the BMI threshold of 40 kg/m2, however, the risk of death is a continuous variable (HR 1.15 per-5 kg/m2

increase, CI 1.03–1.28). BMI: body mass index.

Figure 4. Sensitivity analyses show that variability between sites was small and no one site overly influenced outcomes.
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Traditionally, Class 3 Obesity has not been asso-
ciated with worse outcomes in patients on V-V
ECMO.24–26 A study by Swol et al. in the pre-
COVID era had a median BMI of 30 kg/m2 (19–
88.5 kg/m2), which was similar to our study, and
showed no association between BMI and mortality.27

Indeed, the presence of obesity was observed to be
“protective” within in the PRESERVE Score analysis
and thus it was not been considered a contraindica-
tion to ECMO.28 This is, however, with the caveat that
at the extreme upper limits of BMI it was often center
specific or ECMO utilization is determined on a case-
by-case basis. In patients with COVID-19, conversely,
obesity has been reported as a leading risk factor for
worse outcomes, including mortality. As such, this
dichotomy served as the basis for this investigation
within the context of the current pandemic when
selecting patients for V-V ECMO cannulation.

To investigate the question: “Is there a threshold BMI
above which it is unsafe or likely futile to place a patient
with COVID-19 related severe ARDS on ECMO?”, we
modeled the data at two clinically relevant BMI
thresholds. They were 35 kg/m2 to include Class 2 and 3
Obese patients in the High BMI group, and 40 kg/m2 to
include only the Class 3 Obese patients in the High BMI
group. Importantly, the results of this multinational
analysis, demonstrate that there is no specific inflection
point in the survival curve, but rather continuously
increased risk with increasing patient BMI. (Figure 3) It
appears that—like age—BMI is a continuous variable
and carries a linear risk. (Table 4 and Supplemental
Table 4)

This observation is supported by the rationale that
obesity is not a binary medical condition, but rather
exists on a spectrum. When examining BMI as a con-
tinuous variable in the statistical modeling we observed
a decrease in survival for every 5 kg/m2 increase in the
BMI. (Table 4) The significance of this observation
indicates that the initial guidelines where a specific BMI
alone was a contraindication may have been perhaps too
narrow in scope. However, in this unique patient
population the negative impact on patient survival can
accumulate with every 5-point increase in the BMI. This
represents a departure from pre-COVID-19 era where
BMI was not a predictor of survival.24,28

The authors do acknowledge that V-V ECMO in an
extremely obese patient (BMIs in the 60–70 kg/m2) is
not routine and perhaps should be limited to centers
that are experienced in the care of such patients. The
cannulation can be technically challenging and the day-
to-day management is nuanced.11,29 In this study 2 of
the 3 patients with a BMI >60 kg/m2—all of whom were
in their 30 years—survived to discharge. However, the

vast majority of the patients in this study were not in the
very high end of the BMI range (60–70 kg/m2), and so
no meaningful conclusion can be drawn about the safety
and efficacy in the extremely obese patient based on this
small sample size.

The median BMI in the “high BMI” cohort was
44 kg/m2 (IQR 42–46 kg/m2), and so it is not sur-
prising that there was a low incidence of cannulation-
related adverse events—namely a 2% cannula site
bleeding rate. This was likely further helped by the fact
that percutaneous Veno-venous ECMO cannulation
in the morbidly obese is technically much easier than
percutaneous or open Veno-arterial ECMO
cannulation—where limb ischemia and cannula mi-
gration are unique hurdles. It should be further noted
that this study was not powered to show a difference
among the low incidence of adverse event when the
subgroups were stratified by BMI threshold.

In this study the lower BMI cohort was older.
(Figure 2) Not surprisingly, older age—a known risk
factor for adverse outcomes in boarder COVID-19
patients—was also associated with adverse outcomes
in COVID-19 patients on ECMO. We can therefore
deduce that older patients with Class 3 Obesity who
develop COVID-19 associated ARDS requiring ECMO
would be at even higher risk for worse outcomes.

When stratified by BMI, the patient groups were
relatively evenly matched in terms of demographics and
comorbidities. It should be acknowledged that the pa-
tients in the high BMI group had a slightly worse P:F
ratio and static compliance, meaning their ARDS was
functionally more severe at time of ECMO cannulation.
However, the difference of a P:F of 16 points or a static
compliance of 1 mL/cm H2O may not be clinically
significant.

Study limitations

This observational study is limited by its retrospective
nature and incomplete data, which resulted in 47 pa-
tients being eliminated from the final analysis. However,
when we modeled to account for the missing data, we
did not see clinically significant changes in the results. It
should also be noted that much of the data was entered
prospectively. In addition, the leave-one-out sensitivity
analysis showed that no one study site had a dispro-
portionate impact on the results. (Figure 4) Similarly,
the two patients with BMIs >70 kg/m2 were from dif-
ferent centers. When excluded in a repeat sensitivity
analysis, the additive risk of death associated with ad-
vancing age (ever 10 + years) and BMI (every 5 kg/m2)
remained unchanged. This counters any concern that
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one aggressive site or a patient with an extreme BMI
could bias the study’s findings.

Although, the percentage of Class 3 Obesity in our
study population mirrored that in the US population
(∼11%), the smaller sample size of the Class 3 Obese
patient group may not be adequately powered to show
statistical differences at a set threshold. Even though most
patients came from two continents, the breath and scope of
this international consortium of 82 participating institu-
tions supports the generalizability of the data. This di-
versity of the catchment pool of patients allows this data to
support clinical decision making for the obese COVID-19
patients with severe ARDS.

The “high BMI” cohort was a median of 13 years
younger than the “lower BMI” group. As evidenced by
the data in this study there is potential a survival
advantage associated with >10 years age difference.
This age difference could have muted some of the
overall mortality seen in the high BMI group. This
study was not powered to do a subset analysis on older
high BMI patients compared to younger high BMI
patients—especially given the lack of a threshold age
or BMI.

In a study of patients treated during an ongoing
pandemic, a potential limitation can be selection bias, as
clinicians were building the proverbial plane while flying
it. The COVID-19 ELSO criteria still carry a relative
contraindication for BMI >40 kg/m2. However, standard
of care is still being determined by the work of con-
sortiums such as this. For example, prior to the COVID-
19 pandemic, obesity was shown to be protective or not
to have a negative mortality effect on patients requiring
ECMO. Initially, in the early phase of the pandemic this
may have impacted a physician’s decisions to use ECMO
in obese COVID-19 patients. However, any concerns for
selection bias can be countered by the notion that during
this study period, the surge in COVID-19 patients with
ARDS coupled with the limitations in ECMO resources
likely ensured that nearly all patients placed on ECMO
were optimally selected independent of BMI. It would
stand to reason that the low-BMI-cohort survival was
not skewed by centers placing lower BMI patients with
multi-organ failure and long ventilator times on ECMO.

Another limitation of this study is the time period
during which patient data was collected. The study time
spanned the initial 1.5 years of the pandemic. During
that time much knowledge has been rapidly gained, and
management strategies were likely updated in real time.
As healthcare teams refined their management processes
around COVID-19 patients with severe ARDS, it is
reasonable to assume that ECMO selection criteria were
adjusted. Unfortunately, this study was not designed and
is not powered to determine the effect of changes in

practice pattern over time when groups are stratified by
BMI.

With these limitations in mind, the data supports a
measured and nuanced approach in this group of pa-
tients. BMI is a continuous variable and therefore no
strict cutoff should be used. If their BMIs are 40, 50 or 60
and above, patients with COVID-19 and ARDS can be
still considered for V-V ECMO. In these instances, it is
prudent that a center’s comfort and experience guide its
patient selection.11

Conclusion

In patients with COVID-19 and severe ARDS who
require V-V ECMO, there is a decreased survival and
additive risk associated with higher BMI and advanced
age. There was no specific BMI cutoff beyond which the
risk for death greatly increases. A nuanced approach in
COVID-19 patients with BMIs of 40 or above should be
considered when evaluating them for V-V ECMO. Our
results are hypothesis-generating and any attempt to
better define the suitability of V-V ECMO in morbidly
obese patients with COVID-19 ARDS, might be best
answered using a prospective randomized study.
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Appendix

Abbreviations

Acute Respiratory Distress Syndrome ARDS
Veno-venous V-V
Extracorporeal membrane oxygenation ECMO
Body Mass index BMI
Severe acute respiratory syndrome coronavirus 2 SARS-CoV-2
Extracorporeal life support organization ELSO
ECMO to rescue lung injury in severe ARDS trial EOLIA trial
Conventional ventilatory support versus ECMO for severe adult respiratory failure trial CESAR trial
COVID-19 critical care consortium CCCC
Acute physiologic assessment and chronic health evaluation II score APACHE II score
Sequential organ failure assessment score SOFA score
Interquartile range IQR
PaO2/FiO2 ratio P:F ratio
Hazard ratio HR
Confidence interval CI
Predicting death for severe ARDS on V-V ECMO score PRESERVE score
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