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Abstract
Extracorporeal membrane oxygenation (ECMO) is used in critically ill patients with coronavirus disease 2019 (COVID-19)
with acute respiratory distress syndrome unresponsive to other interventions. However, a COVID-19 infection may result
in a differential tolerance to both medical treatment and ECMO management. The aim of this study was to compare
outcomes (mortality, organ failure, circuit complications) in patients on ECMO with and without COVID-19 infection,
either by venovenous (VV) or venoarterial (VA) cannulation. This is a multicenter, retrospective analysis of a national
database of patients placed on ECMO between May 2020 and January 2022 within the United States. Nine-hundred thirty
patients were classified as either Pulmonary (PULM, n = 206), Cardiac (CARD, n = 279) or COVID-19 (COVID, n = 445).
Patients were younger in COVID groups: PULM = 48.4 ± 15.8 years versus COVID = 44.9 ± 12.3 years, p = 0.006, and
CARD = 57.9 ± 15.4 versus COVID = 46.5 ± 11.8 years, p < 0.001. Total hours on ECMO were greatest for COVID
patients with a median support time two-times higher for VV support (365 [101, 657] hours vs 183 [63, 361], p < 0.001),
and three times longer for VA support (212 [99, 566] hours vs 70 [17, 159], p < 0.001). Mortality was highest for COVID
patients for both cannulation types (VA-70% vs 51% in CARD, p = 0.041, and VV-59% vs PULM-42%, p < 0.001). For VA
supported patients hepatic failure was more often seen with COVID patients, while for VV support renal failure was higher.
Circuit complications were more frequent in the COVID group as compared to both CARD and PULM with significantly
higher circuit change-outs, circuit thromboses and oxygenator failures. Anticoagulation with direct thrombin inhibitors was
used more often in COVID compared to both CARD (31% vs 10%, p = 0.002) and PULM (43% vs 15%, p < 0.001) groups.
This multicenter observational study has shown that COVID patients on ECMO had higher support times, greater hospital
mortality and higher circuit complications, when compared to patients managed for either cardiac or pulmonary lesions.
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Introduction

The severe acute respiratory distress syndrome seen in
Coronavirus Disease 2019 (COVID-19) is associated
with perturbations to the inflammatory and coagulation
systems. The hyperinflammatory response elicited by
COVID-19 may disrupt coagulation leading to
thrombosis and multisystem organ failure.1,2

A growing body of literature on the use of extra-
corporeal membrane oxygenation (ECMO) for severely
ill COVID-19 patients shows disparate outcomes that
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obfuscate guidance on techniques that offer the best
chance for improved results.3-6 While the reasons for
these differences are unknown, several discrete features
associated with COVID-19 infections have appeared.
Furthermore, there may exist an evolving increase in
mortality related to the phase during the pandemic that
patients were placed on ECMO.7,8 While the causes for
this decline in survivability are speculative, they are not
attributed to increased risk factors prior to ECMO. The
Extracorporeal Life Support Organization (ELSO) rec-
ommends that anticoagulation management for
COVID-19 patients be similar to non-COVID-19 pa-
tients, albeit at the higher end of normal.9 However,
increased cannula and oxygenator thrombosis at the
initiation and during ECMO are reported.10,11 While on
ECMO, COVID-19 patients have been shown to display
high levels of hypercoagulability and hyperfibrinolysis,
which may result in early circuit complications.10,12

Such complications may hinder recovery in these se-
verely ill patients. Furthermore, it is unknown how the
multiple new variants of COVID-19 will affect the
conduct of ECMO. A recent report has shown that
mortality did not differ between COVID-19 patients and
those without COVID-19 who were supported on
ECMO for acute respiratory distress syndrome
(ARDS).13

The purpose of this study was to compare outcomes
(including in-hospital mortality circuit change-out,
oxygenator failure, circuit thrombosis, and circuit he-
molysis) in patients with and without COVID-19 when
supported with ECMO.

Methods

This multicenter cohort study was conducted by using a
proprietary database of procedures involving extracor-
poreal circulation (SpecialtyCare Operative Procedural
rEgistry, (SCOPE) [https://specialtycareus.com/]. Data
were prospectively collected on all adult patients over
18 years of age who were placed on ECMO betweenMay
2020 and January 2022 from 67 centers within the
United States across 25 different states. Data captured
included patient characteristics, circuit types, cannula-
tion strategies, anticoagulation use and management,
hemorrhage requiring allogeneic transfusion, and in-
hospital outcomes. Institutional Review Board (IRB)
approval and waiver of the need for consent were ob-
tained. The human subjects’ research protocol for this
study was reviewed and approved by an independent
IRB who monitored the use of data from SCOPE
(ADVARRA Center for IRB Intelligence, approval
number 012017, 6940 Columbia Gateway Drive, Suite
110, Columbia, Maryland, USA).

The disease states included in each category were as
follows: PULM––ARDS, pneumonia, or acute respira-
tory failure, CARD––acute heart failure, cardiogenic
shock, cardiomyopathy, COVID––ARDS, pneumonia,
cardiogenic shock, cardiomyopathy, or myocarditis.
Patients were included who were supported either by
venovenous (VV) or venoarterial (VA) cannulation. All
patients were grouped into one of four categories ac-
cording to indication for ECMO support and ECMO
cannulation strategy: PULM-VV, COVID-VV, CARD-
VA, and COVID-VA. Patients were excluded from the
study if they were transferred from the hospital where
ECMO was initiated without knowledge of outcome, or
if patients were on ECMO support at the end of the
study period. All decisions concerning the initiation and
conduct of ECMO were made by the local team and
followed protocols at each institution. Circuit compli-
cations were recorded and included oxygenator failure
and/or pump malfunction that resulted in the circuit
being changed-out while on ECMO. Additional com-
plications included circuit hemolysis and circuit
thrombosis.

The primary outcome was in-hospital mortality with
secondary outcomes including new onset organ failure
(hepatic and renal) and circuit complications that in-
cluded circuit change-out, oxygenator failure, circuit
thrombosis, pump malfunction and circuit hemolysis.

Statistical analysis

Descriptive analysis was stratified by ECMO circuit
configuration so that PULM-VV patients were com-
pared to COVID-VV patients, and CARD-VA patients
were compared to COVID-VA patients. Values are
reported as mean with standard deviation, median with
inter-quartile range [IQR], as well as count and per-
centage as appropriate. Unadjusted group differences by
indication within ECMO cannulation strategy were
assessed using Welch’s analysis of variance, Kruskal-
Wallis rank-sum tests, and chi-square tests for
normally-distributed, heavily skewed, and categorical
variables, respectively.

In order to assess the effect of each unique combi-
nation of indication for support and ECMO cannulation
strategy on mortality, a Bayesian mixed effects logistic
regression model was estimated. Controls in this model
included age, sex, body mass index (BMI), duration of
mechanical ventilation support prior to ECMO, anti-
coagulation strategy, ECMO circuit thrombosis, oxy-
genator failure, full circuit change-out, renal failure,
hepatic failure, total duration of ECMO support, and
days between cannulation and the study start date (1
May 2020) to control for possible time trends. Age, BMI,
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total hours on ECMO, and days since study start date
were modeled using restricted cubic splines with five
knots distributed symmetrically across the quantiles of
each variable, respectively, to allow for flexible esti-
mation of non-linear patterns in continuous variables. A
random effect term was included to account for possible
correlation in outcomes of patients receiving care at the
same hospital. Among the variables included, we

observed relatively little missing data; however, BMI was
missing for 25% of patients. To minimize the potential
for bias we performed our regression analysis using 25
multiply imputed datasets, generated using the chained
equations method, the results of which were combined
into a unified single set of posterior distributions. All
analyses were performed using the R statistical com-
puting environment (version 3.6.1),14 along with the
packages ‘compareGroups,’15 ‘rmsb.’16

Results

A total of 1,487 patients underwent ECMO during the
study period with 930 patients meeting inclusion
criteria (Figure 1). There were 434 (47%) survivor
patients with survival identified as successful weaning
from ECMO without a hospital death, while there
were 496 (53%) who died. The COVID group had 445
(48%) patients, while there were 279 (30%) in the
CARD group, and 206 (22%) in the PULM group. The
oldest patients were in the CARD group and the
youngest in the COVID cohorts (Table 1). The pri-
mary cannulation strategy was VV in both COVID
and PULM patients with VA used among CARD
patients and infrequently (n = 37) in those with
COVID. Patients in the COVID-VA group had higher
median BMI than CARD patients, while BMI was
similar in the VV groups. Prior to ECMO, COVID
patients had longer durations of mechanical

Figure 1. Patient selection. Examples of procedures in “Other”
category include ECCO2R, post-cardiotomy and hypothermic
resuscitation. ECMO, extracorporeal membrane oxygenation.

Table 1. Patient demographic information.

VV ECMO VA ECMO

Clinical featurea Pulmonary (206) COVID (408) p-value Cardiac (279) COVID (37) p-value

Patient age (years) 48.4 (15.8) 44.9 (12.3) 0.006 57.9 (15.4) 46.5 (11.8) <0.001
Patient sex
Male 89 (66.4) 178 (68.7) 0.726 118 (64.1) 17 (63.0) 1.000
Female 45 (33.6) 81 (31.3) 66 (35.9) 10 (37.0)

Patient BMI (kg/m2) 32.2 (27.1; 38.0) 33.1 (28.6; 39.8) 0.199 29.2 (25.3; 34.7) 32.8 (28.4; 38.1) 0.034
Days of ventilator support prior

to ECMO
0.0 (0.0; 1.0) 1.0 (0.0; 4.0) <0.001 0.0 (0.0; 0.0) 1.0 (0.0; 2.0) <0.001

Total hours on ECMO 182.5 (62.8; 361.2) 365.0 (100.5; 656.9) <0.001 70.0 (16.5; 158.5) 212.0 (99.0; 566.0) <0.001
Anticoagulation method
Heparin 157 (79.3) 223 (55.9) <0.001 222 (83.1) 25 (69.4) 0.002
DTI 29 (14.6) 173 (43.4) 27 (10.1) 11 (30.6)
None 12 (6.1) 3 (0.8) 18 (6.7) 0 (0.0)

CVVHD
No 145 (78.4) 280 (72.4) 0.15 179 (70.5) 22 (62.9%) 0.47
Yes 40 (21.6) 107 (27.6) 75 (29.5) 13 (37.1%)

BMI, bodymass index; CVVHD, continuous venovenous hemodialysis; DTI, direct thrombin inhibitor; ECMO, extracorporeal membrane oxygenation; VA,
venoarterial; VV, venovenous.
aValues are given as n (%) for categorical data or median [interquartile range] for continuous data
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ventilation support for both VV (1.0 [0.0; 4.0] vs 0.0
[0.0; 1.0], p < 0.001, and VA cannulation strategies
(1.0 [0.0; 2.0] vs 0.0 [0.0; 0.0], p < 0.001). Median
hours on ECMO was significantly longer in the
COVID group compared to both PULM (2.0 times)
and CARD (3.0 times) groups, p < 0.001. There was a
significantly higher use of direct thrombin inhibitors
(DTI) for anticoagulation in the COVID group, which
included patients who were initially given a DTI for
anticoagulation and those that had crossed-over to its
use during the ECMO run.

Unadjusted mortality was greater in COVID patients
when compared to both PULM and CARD groups with
the highest mortality rate seen in COVID-VA 70% (26)
compared to 51% (142) in CARD patients, p = 0.041
(Table 2). For VV patients the PULMmortality was 18%
lower than for COVID patients, p < 0.001. Hemorrhagic
complications occurredmore frequently in both COVID
cohorts when compared to PULM and CARD groups.
Hepatic failure was encountered more frequently in
both COVID groups, which was significantly greater in
COVID-VA 26% (9) versus CARD 7% (18), p < 0.002.
Renal failure was higher in the COVID-VV 26% (99)
than in PULM 16% (31), with a similar pattern among
VA patients, albeit with less statistical reliability. The
distribution of cause of mortality is shown in Table 3.

Mechanical and circuit complications are shown in
Table 4. The highest rate of circuit change-outs occurred
in COVID patients which was seen more than twice as
frequently as in the PULM group and nearly three times
higher in CARD patients. The mean number of circuit
change-outs was also higher in the COVID groups.
Similar trends were seen for oxygenator failures, circuit
thromboses, circuit hemolysis, and all-cause
hemorrhage.

Bayesian logistic regression results are summarized in
Table 5 and Figure 2. Having a COVID-19 diagnosis
treated with VV ECMO was independently associated
with a higher likelihood for mortality relative to PULM-
VV (OR: 2.56, 95% Credible Interval: [1.58–4.14],
posterior probability of increased mortality: >99.9%).
Relative to CARD, COVID-VA had odds of mortality
that were 2.67 times greater (95% Credible Interval:
[1.10–6.72], posterior probability of increased mortality
risk: 98.3%). Age, renal failure, hepatic failure, and fe-
male sex were independently associated with increased
risk of mortality with posterior probability greater than
95%. The percent of relative explained variation in
mortality outcomes attributable to indication by can-
nulation strategy grouping was 13%, on par with that of
hepatic failure (14%) but behind other predictors such as
age (25%) and renal failure (20%).

Table 2. Outcomes of extracorporeal membrane oxygenation across study groups.

Variable Mortality odds ratio for contrast
and 95% credible interval

Posterior probability of
increased mortality

Relative explained variation in
mortality and 95% credible interval

COVID VV versus pulmonary
VV

2.56 [1.58–4.14] >99.999% 13.4% [3.1–23.4]

COVID VA versus Cardiac VA 2.67 [1.1–6.72] 98.30% 13.4% [3.1–23.4]
Age (61 vs 37) 3.21 [2.07–5.16] >99.999% 24.7% [9.5–35.9]
BMI (38 vs 27 kg/m2) 0.86 [0.6–1.22] 20.40% 1.8% [0.2–9.4]
Female versus male 1.78 [1.25–2.44] >99.999% 8.9% [0.5–16.3]
Mechanical ventilation prior to
ECMO (yes vs No)

0.91 [0.62–1.29] 30.20% 0.2% [0–2.9]

Anticoagulation (DTI vs
heparin)

1.18 [0.76–1.82] 76.88% 0.9% [0–6.1]

Anticoagulation (none vs
heparin)

1.41 [0.61–3.15] 79.33% 0.9% [0–6.1]

Total hours on ECMO (438 vs
41)

1.03 [0.67–1.59] 58.23% 13% [2.9–22.4]

Circuit thrombosis (yes vs no) 1.07 [0.67–1.73] 60.28% 0.1% [0–2.7]
Oxygenator failure (yes vs No) 0.91 [0.48–1.75] 38.25% 0.1% [0–3.3]
Circuit change-out (yes vs no) 1.07 [0.67–1.68] 62.33% 0.1% [0–2.8]
Hepatic failure (yes vs no) 4.38 [2.12–8.47] >99.999% 13.7% [3.2–21.1]
Renal failure (yes vs No) 2.98 [1.93–4.48] >99.999% 20.1% [5.9–27.9]
Time trend (August 21 vs
November 20)

1.15 [0.74–1.77] 72.38% 2.5% [0.5–10.8]

ECMO, extracorporeal membrane oxygenation; VA, venoarterial; VV, venovenous.
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Discussion

Infection with the coronavirus SARS-CoV-2 results in a
wide range of symptomatology, but in severe cases can
lead to pulmonary dysfunction resulting in the need for
mechanical respiratory support. While early recom-
mendations for employing ECMO were cautionary due
to the vast resources necessary to conduct ECMO, and
initial reporting of outcomes less than favorable, later
research has shown that ECMO is a viable modality for
severe illness.4–6,17–19 The virulent nature of the disease
may lead to a variety of biological responses which
include a heightened inflammatory response and a
hypercoagulable prothrombotic state especially in
hospitalized patients and those requiring ECMO.20

While the authors report slightly over 50% of
COVID-19 patients had the cause of mortality reported
as failure to improve from ARDS, a similar number of
patients succumbed to multi-system organ failure, renal
failure, central nervous system dysfunction, hemorrhage
or sepsis confirming the virulent effect on other organ
systems. We listed the causes of mortality in Table 3 and
found for VV ECMO the most often reported reason
was multisystem organ failure, which reflects the broad
range of pathological consequences associated with
severe infections. While this was also true for VA
support in the COVID group, the main cause for CARD
patients was cardiac arrest. Similar to the Jenner et al.
study we saw failure to improve from ARDS as a
mortality cause in 48% of cases, with multisystem organ
failure, hemorrhage, cardiac arrest and sepsis in 47% of
the remaining deaths.20 It is likely that COVID-19 in-
duced coagulopathy results from various mitigations
that are exacerbated with the use of extracorporeal blood
flow contact with non-endothelialized surfaces and the
need for systemic anticoagulation.21 While thrombo-
embolic and bleeding events are more frequently seen in

COVID-19, it is unknown whether or not this leads to
higher mortality.22,23 We found significantly higher
levels of both circuit thromboses and hemorrhage in
COVID-19 patients as compared to both pulmonary
and cardiac cohorts.

An early report from the ELSO registry had shown a
discharge rate of 30% of 1,035 supported patients and a
mortality rate of 38%.24 This study also reported that a
higher hospital ECMO case volume was not associated
with a lower mortality rate, which was in contrast to
earlier ELSO results.25 A pooled report on 331 ECMO
patients with COVID-19 from 10 published studies and
registry data (n = 4) reported a 46% mortality rate (95%
CI: 34–59%).25 In our study themortality for COVID-19
patients was higher than that reported by ELSO, but was
almost identical to that by Melhuish et al.26 While we
did not measure the effect of either hospital or ECMO
team level of experience as an outcome predictor, it is
not unreasonable to expect that centers with higher
volumes would have enhanced results. Such has been
shown in a study that evaluated a model of a centralized
approach for ECMO service and the use of mobile teams
to transport COVID-19 patients to resource-rich hos-
pitals.27 It was demonstrated that high pre-pandemic
experience in providing ECMO care was strongly cor-
related in improving 90-days survival. The outcomes in
using ECMO for COVID-19 patients has changed
during the pandemic as depicted in our Bayesian logistic
mixed effects logistic regression results for mortality
(Table 4). While the reasons for this change are un-
known, the change in virulence with evolving variants
over the course of the pandemic is concerning. We, and
others have shown an increase in mortality related to
when patients were placed on ECMO and the pandemic
phase.7,8,28 While the causes for these fluctuations in
mortality are speculative, they may be attributed to a
change in patient selection criteria, increased risk factors

Table 3. Distribution of cause of mortality across groups.

VV ECMO p-value VA ECMO p-value

Cause of mortality, n (%) Pulmonary (86) COVID (242) <0.001 Cardiac (142) COVID (26) <0.001

Multisystem organ failure 37 (43.0) 59 (24.4) 31 (21.8) 9 (34.6)
Cardiac arrest 13 (15.1) 43 (17.8) 45 (31.7) 8 (30.8)
Sepsis 8 (9.3) 15 (6.2) 3 (2.1) 2 (7.7)
Severe brain hypoxia Pre-ECMO 7 (8.1) 11 (4.5) 18 (12.7) 2 (7.7)
Hemorrhage 5 (5.8) 33 (13.6) 14 (9.9) 2 (7.7)
Respiratory failure 3 (3.5) 66 (27.3) 0 (0.0) 3 (11.5)
Circuit thrombosis 2 (2.3) 2 (0.8) 1 (0.7) 0 (0.0)
Other 1 (1.2) 13 (5.4) 3 (2.1) 0 (0.0)
Unknown cause 10 (11.6) 0 (0.0) 27 (19.0) 0 (0.0)

ECMO, extracorporeal membrane oxygenation; VA, venoarterial; VV, venovenous.
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prior to ECMO and the absence of vaccination in
susceptible groups. There have also been changes in
treatment strategies that have evolved over the course of
the pandemic, which included changes in medication
regimens, mechanical ventilation and intubation mo-
dalities, the conduct of ECMO,28 as well as the use of
vaccinations. Our results differ from those reported by
Kurihara and colleagues who reported that there was no

difference in survivability when comparing patients
placed on ECMO for COVID-19 ARDS with non-
COVID-19 ARDS.13 The difference in findings may
be related to the smaller number of patients in the
COVID-19 cohort limb of their study (19% vs 48%), and
the fact that this was a single-center report as compared
to our multi-institutional dataset. Furthermore, while
the COVID cohorts had significantly longer time on

Table 5. Bayesian logistic mixed effects logistic regression results for mortality on extracorporeal membrane oxygenation.

VV ECMO VA ECMO

Outcome measure, n (%) Pulmonary (206) COVID (408) p-value Cardiac (279) COVID (37) p-value

Mortality
No 120 (58.3) 166 (40.7) <0.001 137 (49.1) 11 (29.7) 0.041
Yes 86 (41.7) 242 (59.3) 142 (50.9) 26 (70.3)

All cause hemorrhage
No 138 (67.0) 212 (52.0) 0.001 168 (60.2) 14 (37.8) 0.016
Yes 68 (33.0) 196 (48.0) 111 (39.8) 23 (62.2)

Hepatic failure
No 172 (92.0) 334 (86.8) 0.09 234 (92.9) 26 (74.3) 0.002
Yes 15 (8.0) 51 (13.2) 18 (7.1) 9 (25.7)

Renal failure
No 158 (83.6) 286 (74.3) 0.016 195 (77.4) 23 (63.9) 0.119
Yes 31 (16.4) 99 (25.7) 57 (22.6) 13 (36.1)

Infection
No 185 (89.8) 331 (81.1) <0.001 274 (98.2) 28 (75.7) <0.001
Yes new-onset 5 (2.4) 54 (13.2) 1 (0.4) 5 (13.5)
Yes pre-existing 16 (7.8) 23 (5.6) 4 (1.4) 4 (10.8)

DTI, direct thrombin inhibitor; ECMO, extracorporeal membrane oxygenation; VA, venoarterial; VV, venovenous.

Table 4. Complications during extracorporeal membrane oxygenation across study groups.

VV ECMO VA ECMO

Complication, n (%) Pulmonary (206) COVID (408) p-value Cardiac (279) COVID (37) p-value

Circuit change-out
No 175 (85.0) 256 (62.7) <0.001 250 (89.6) 26 (70.3) 0.003
Yes 31 (15.0) 152 (37.3) 29 (10.4) 11 (29.7)

Number of circuit changes 0.3 (0.8) 0.7 (1.2) <0.001 0.1 (0.4) 0.4 (0.8) 0.02
Oxygenator failure
No 193 (93.7) 327 (80.1) <0.001 276 (98.9) 30 (81.1) <0.001
Yes 13 (6.3) 81 (19.9) 3 (1.1) 7 (18.9)

Circuit thrombosis
No 178 (86.4) 276 (67.6) <0.001 256 (91.8) 21 (56.8) <0.001
Yes 28 (13.6) 132 (32.4) 23 (8.2) 16 (43.2)

Pump malfunction
No 205 (99.5) 402 (98.5) 0.433 278 (99.6) 36 (97.3) 0.221
Yes 1 (0.5) 6 (1.5) 1 (0.4) 1 (2.7)

Circuit hemolysis
No 203 (98.5) 362 (88.7) <0.001 272 (97.5) 30 (81.1) <0.001
Yes 3 (1.5) 46 (11.3) 7 (2.5) 7 (18.9)

VA, venoarterial; VV, venovenous.
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ECMO when this was controlled for in the Bayesian
logistic mixed effects logistic regression model it did not
result in a strong influence on mortality.

Complications associated with ECMO are common
despite technological advances in circuitry and equip-
ment and increased knowledge of patient coagulation
management. The decision to change-out a circuit
during ECMO is most often related to circuitry
thrombosis and a failure to maintain adequate flows or
gas exchange.29,30 Lubnow et al. reported on mechanical
complications during VV ECMO over a 5 year period
and found that patients who required circuit change-
outs had longer durations of ECMO support, longer
total ventilation times, longer ICU stays, and were more
likely to develop renal failure.31 The majority of circuit
complications that occur are related to thrombus for-
mation which results in reduced oxygenator gas transfer
capabilities.20,31 While the Lubnow study predated the
COVID-19 pandemic, those authors also reported a
similar finding to the present study with both pulmo-
nary and COVID-19 patients with primary lung failure
having the highest rates of circuit change-outs. In a small
single-center study there were significantly more
thrombotic circuit events occurring during ECMO in
COVID-19 patients compared to a non-COVID-19
group, with a lower targeted anticoagulation rate used
more often in the non-COVID-19 group.10 While there
were no differences in age or BMI between groups this is
in contrast to our findings where COVID-19 patients
were younger than pulmonary and cardiac patients, and

larger in the VA cohort. We had previously identified
age as having a large negative association with survival
in COVID-19 patients who required ECMO, while BMI
was not so associated.32 The circuit change-out rate in
the current study was higher for COVID-19 patients
both for venovenous support (37.3% vs 15.0%) and for
venoarterial supported patients (29.7% vs 10.4%). The
duration of support on ECMO has been shown to be
associated with both bleeding and thrombotic compli-
cations,33 as was seen in the present study. In a study on
VV ECMO that compared COVID-19 patients to those
presenting with influenza, there were similar thrombosis
rates between groups, but oxygenator failures were
higher in patients with COVID-19 (20%) than influenza
(0.0%).34 Oxygenator failures during ECMO are influ-
enced by the fiber material (polypropylene failing at a
rate as high as 91%,35 but all oxygenators used in the
present study were made of polymethylpentene and are
less prone to failure.

The prothrombotic state elicited by COVID-19 in-
volves a number of intrinsic mechanisms centered both
on inflammatory and coagulation processes.36 The
heterogeneous response seen with COVID-19 is related
to the condition of the patient at the time of infection,
with age, male sex, the presence of comorbidities, and
other factors affecting severity.1 Several have reported
that critically ill COVID-19 patients have a higher
degree of both venous thromboembolism and arterial
thromboses, which are refractory to different anti-
coagulation regimens.12,37,38 In a recent multicenter

Figure 2. Model-predicted probability of mortality by indication. VA, venoarterial; VV, venovenous.
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study increased D-dimer levels were shown to be an
independent risk factor for death in COVID-19 patients
while in the intensive care unit.39 Bhagat and colleagues
have shown that severe hypoxia induces tissue factor
expression and increases thrombotic risk, which may
help explain why patients requiring ECMO are espe-
cially vulnerable to circuit thrombotic complications.40

Coagulation management remains a formidable chal-
lenge for COVID-19 patients requiring a case-specific
approach with modifications to standardized protocols
occurring more frequently than other ECMO indica-
tions.12 There is concern that the thromboprophylaxis
achieved with unfractionated heparin may be insuffi-
cient in COVID-19 patients and that the use of a DTI
may result in improved anticoagulation control. In a
large single-center study comparing bivalirudin and
unfractionated heparin during adult ECMO, patients in
the bivalirudin arm had significantly less thrombus
formation, a lower occurrence of bleeding events, fewer
allogeneic transfusions and lower circuit complica-
tions.41 A similar single-center study found that the use
of argatroban resulted in a quicker attainment of
therapeutic anticoagulation than unfractionated hepa-
rin, but there were no differences in bleeding or
thrombotic complications between anticoagulants.42

While the present study did show a preferential use
of DTI (bivalirudin or argatroban) for COVID-19 pa-
tients (37.5% use vs 12.0% and 5.8% for both the pul-
monary and cardiac groups respectively), circuit
complications and thrombus were still found more
frequently during ECMO when they were used. This
differs from the previous study that showed fewer
overall complications, and may reflect the virulent
nature of COVID-19 on obviating any benefit of al-
ternative coagulation regimens. More recently it has
been shown that COVID-19 patients require higher
levels of bivalirudin to achieve and maintain anti-
coagulation then those presenting with ARDS.43 Un-
fortunately we did not have access to the pharmacologic
characterization of the DTI administered and do not
know if a higher dosing protocol was used. Also, we did
not differentiate between the initial use of a DTI for
anticoagulation or the cross-over from heparin to a DTI,
and cannot determine the benefit of using these agents.

Study limitations

There are several limitations to this study. There have
been several Coronavirus variants over the course of
the pandemic with associated changes in virulence
which may have influenced outcomes and mortality
rates. While it is impossible to discern which infec-
tions in the COVID-19 population were caused by

specific variants it is not unreasonable to expect an
influence based upon these mutations. Nevertheless,
the patient population all came from the start of the
pandemic through January 2022 to establish conti-
nuity in observations. While the data collection sys-
tem utilized for the registry contains definitions for
each of the measured fields, and training on doc-
umenting data was made, there may have been some
misinterpretation by the clinicians loading the in-
formation. Although we maintained a parallel
COVID-19 database where additional variables are
contained (pre-ECMO patient risk factors and med-
ication treatments to reduce respiratory dysfunction,
and discharge information), this information was not
systematically documented for patients in the non-
COVID-19 groups so was not available for compar-
ison. While completeness of data entry was assured by
software coding, and validation steps made to assure
accuracy, we cannot rule out that submission errors
may have occurred. While data were collected in a
prospective manner it is nonetheless non-
randomized. Differences in practice patterns across
sites do exist, and although we attempted to minimize
bias through the use of multiple imputation and
mixed-effects logistic regression, we realize that un-
measured confounding is still present.

Conclusions

The application of ECMO has been shown to be an
effective management technique in patients with re-
fractory respiratory failure as a result of COVID-19. The
present study using registry data has shown that
COVID-19 patients who required ECMO are both at an
increased risk for mortality and have more circuit
complications than patients on support for either
general pulmonary or cardiac failure. Continued re-
search to better understand the factors associated with
these differences will help guide distinct management
opportunities to improve outcomes.
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