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Extracorporeal membrane oxygenation
in COVID-19: Results of the Croatian
Extracorporeal Membrane Oxygenation
Referral Center

Marko Kutlesa''?'"’) Marija Santini'%, Vladimir Krajinovié?,
Neven Papi¢'?, Branimir Gjurasin?, Juraj Krznari¢'? and Viktor Kotarski?

Abstract

At the beginning of the COVID-19 pandemic, the role of extracorporeal membrane oxygenation (ECMO) was uncertain
and the outcomes of ECMO-treated patients were unfavorable. During the pandemic, medical community realized
that carefully selected patients may benefit from ECMO support. The goal of the study was to present the outcomes
of ECMO-treated patients with severe COVID-19 ARDS referred to the respiratory ECMO hub in Croatia and to
determine variables that influenced the outcome. Our study included all adult patients with confirmed COVID-19 ARDS
that required ECMO treatment, in the period between February 2020 and April 2022. All ECMO circuits were veno-
venous with femoro-jugular configuration, with drainage at the femoral site. A total of |12 adult patients with COVID-19
induced ARDS were included in the study. All patients had veno-venous ECMO treatment and 34 survived. Surviving
patients were discharged home either from the hospital or from a designated rehabilitation facility. The mortality was
associated with the incidence of nosocomial bacteremia, occurrence of heparin induced thrombocytopenia and acute
renal failure. In order to reduce the mortality in COVID-19 ECMO patients, the treatment should be started as soon
as criteria for ECMO are met. Furthermore, complications of the procedure should be detected as soon as possible.
However, despite even the optimal approach, the mortality in COVID-19 ECMO patients will surpass that of non-
COVID-19 ARDS ECMO patients, mostly due to poor resolving and long lasting ARDS with longer ECMO runs and
ensuing infectious complications.
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According to current knowledge, ECMO treatment in
ARDS should be applied with the “early,” rather than “res-
cue” strategy.”!® Primarily in order to avoid ventilator

Introduction

Extracorporeal membrane oxygenation (ECMO) has
emerged as a valuable treatment option for the most severe
form of acute respiratory distress syndrome (ARDS) in the

intensive care units around the world.'” At the onset of
COVID-19 pandemic, it was uncertain whether ECMO
treatment would be beneficial, especially after discourag-
ing outcomes were reported.® During the pandemic, it was
elucidated that carefully selected patients may benefit
from ECMO support.” Furthermore, with proper selection,
in patients with the most severe form of COVID-19, the
probability of survival improves with ECMO treatment.?
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Table I. Comparison of 112 COVID-19 patients treated with ECMO according to outcome.

Survivors (34 patients) Non-survivors (78 patients) p
Age 49 (45 to 54) 55 (43 to 57) 0.44°
Sex — female 9/34 19/78 0.82°
pO,/FiO, 47.0(41.0 to 54.0) 49.0 (40.0 to 55.0) 0912
RESP Score -2(-4 to 2) -05(-3to 1) 0.53°
Oxygenation Index® 36.0 31.5to 41.2) 36.8 (31.4 to 44.1) 0.90°
pCO, 81.0 (70.5 to 102.7) 80.5 (69.7 to 92.7) 0.66*
Shock at ECMO initiation 8/34 15/78 0.62°
APACHE 14 at ECMO initiation 31 (28 to 34.5) 30 (27 to 34) 0.53°
Acute renal failure 24/34 77178 <0.001°
ECMO duration (h) 320 (210 to 490) 451 (312 to 640) 0.03?
Mechanical ventilation before ECMO (days) 2(1 to 5) 52to7) 0.03°
Mechanical ventilation duration (days) 27 (18 to 37) 22 (15 to 32) 0.232
HITe 8/34 36/78 0.03°
Nosocomial bacteremia 13/34 58/78 <0.001°

*Mann—Whitney test.

PFisher’s two-tailed exact test.

FiO, X mean airway pressure/pO,

dAcute Physiology and Chronic Health Evaluation Il score.
®Heparin induced thrombocytopenia.

induced lung injury. In this study we present the outcomes
of ECMO treatment in COVID-19 patients referred to the
respiratory ECMO hub in Croatia. Furthermore, with high
surge of patients requiring ECMO, even with suboptimal
timing, ECMO treatment still enhances chances for sur-
vival in the most severe form of COVID-19 ARDS.

Methods

A retrospective cohort study included 112 adult patients
with confirmed COVID-19 ARDS, treated with ECMO at
a teaching hospital designated as the respiratory ECMO
hub in Croatia, in the period between February 2020 and
April 2022.

Data

Data was compiled from a database of patients treated with
ECMO for ARDS. Variables included in the analysis are
presented in Table 1. Heparin induced thrombocytopenia
antibodies were confirmed with ELISA testing only after
the ID-PaGIA Heparin/PF4 Antibody Test was positive.
Same tests to detect HIT were used in all patients.

ECMO

All ECMO circuits were veno-venous with femoro-jugular
bypass and drainage at the femoral site.

Due to the high patient surge and limited possibility to
provide ECMO treatment, the initiation of ECMO com-
menced after rescue strategies, namely proning and recruit-
ment maneuvers, had been exhausted. The later was
performed with sustained inflation technique. Persistence

of pO,/FiO, ratio below 60, or increased pCO, with pH of
less than 7.2 were indications for ECMO.

Titration of heparin infusion was adjusted according to
the ACT measurements. ACT values were targeted at the
range between 170 and 180s. In patients with confirmed
HIT antibodies, treatment with 5 mg of fondaparinux daily
was commenced.

During ECMO, the patients were ventilated in a manner
to keep the plateau pressure below 30 with protective tidal
volumes.

Informed consent was obtained from relatives of all
patients.

Statistics

Continuous variables were presented as the median, the
25th and the 75th percentile. Categorical variables were
presented as frequencies and percentages.

Univariate analysis tested the statistical significance
of the difference in outcome variables between the
groups.

We considered P-values of less than 0.05 to be statisti-
cally significant.

Statistical analysis was performed with SAS software
for Windows, version 9.3. SAS Institute Inc.

Results

This single center study included 112 adult patients treated
with veno-venous ECMO due to COVID-19 induced
ARDS, of whom 34 survived. All surviving patients were
discharged home, either from the hospital or from a reha-
bilitation facility.
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In order to detect possible variables with significant
impact on the survival, we performed univariate analysis
that is presented in Table 1.

At ECMO initiation, the severity of disease was compa-
rable regardless of the outcome. It should be stressed that
overall 63% (71/112) of patients had bacteremia and 39%
(44/112) developed heparin induced thrombocytopenia
(HIT) while on ECMO. Furthermore, a staggering 90% of
patients (101/112) acquired acute renal failure (ARF). The
most common comorbidities known to affect the outcome
of COVID-19 patients, such as diabetes mellitus, arterial
hypertension, immunosuppression, body mass index over
30, were statistically insignificant between groups and
thus omitted from the results disclosed in Table 1.

Discussion

Our study determined that the survival of COVID-19
patients on ECMO is significantly associated with the
occurrence of ARF, HIT antibodies and nosocomial
bacteremia.

The mortality of 74% in our patients is high, however,
the inevitable provision of ECMO only after aggressive
mechanical ventilation and rescue maneuvers were still
hypoxemic and/or significantly hypercapnic, renders that
the survival without ECMO would be negligible. To reduce
the mortality in COVID-19 ECMO patients, earlier timing
of ECMO treatment should be prioritized. That was clearly
determined in the EOLIA trial prior to COVID-19 pan-
demic.’ In that trial, crossover to rescue ECMO in MV
group had a survival rate of 43%, which is similar to ours,
while early ECMO group had a survival rate of 65%. To
achieve that goal, a surge of COVID-19 patients to hospi-
tals should be avoided with epidemiological measures and
vaccination. Unfortunately, even with those conditions
met, the mortality in COVID-19 ECMO patients will sur-
pass that of non-COVID-19 ARDS ECMO patients, mostly
due to poor resolving and long lasting ARDS with longer
ECMO runs and ensuing infectious complications. !

Surviving patients had shorter duration of MV prior to
ECMO treatment with subsequent milder ventilator
induced lung injury. Longer ECMO runs in the non-sur-
vival group were probably the result of meager or absent
lung function recovery. The severity of ARDS at ECMO
initiation did not affect the survival, which is expected
when the circumstances coerced the implementation of
ECMO treatment. COVID-19 infection also independently
predisposes patients for nosocomial bacteremia with prob-
able further deterioration of the lung function and negative
influence on the survival, at least in our cohort.'?

The occurrence of HIT antibodies in such high propor-
tion is probably, at least partially, due to the immune
response to the virus itself, with similar pathogenesis to
that of vaccine immune thrombotic thrombocytopenia.
However, it is not elucidated why the occurrence of HIT

antibodies affected the outcome in our cohort. Furthermore,
due to the severity of illness and complex vital support it
was not possible to determine if the patients with HIT anti-
bodies had HIT itself. However, it could be carefully sug-
gested that since the presence of HIT antibodies affected
the outcome significantly, the hypercoagulable state might
have been present in our patients with HIT antibodies.
However, that remains to be elucidated in future studies.
Nevertheless, in those patients we switched to the off-label
use of fondaparinux. Whether the use of anticoagulation
with fondaparinux in these circumstances had any impact
on the outcome remains obscure.

Our study is limited due to its retrospective design and
a sample size that precluded more robust statistical analy-
sis. These limitations prevent the inference of results to
ECMO COVID-19 patients in general. Unfortunately,
mechanical ventilation data (tidal volume, positive end
expiratory pressure, plateau pressure, driving pressure,
etc.) were not recorded. However, our results still enhance
the knowledge about the variables that might affect the
outcome of COVID-19 induced ARDS that requires
ECMO support.

Furthermore, our results indicate that it would be pru-
dent to implement routine daily blood culture collection
and to implement a search for HIT antibodies when the
platelet count drops below the normal range. Consequently,
timely antimicrobial treatment and anticoagulation with
heparin alternatives could be considered readily in order to
optimally mitigate the possible adverse impact of both
entities.

Despite all elucidated adverse effects of the suboptimal
timing of ECMO treatment in our cohort as well as pub-
lished literature, we argue that even in those circumstances
ECMO remains a life-saving option for substantial number
of patients when exceptionally high demand for ECMO
treatment during the pandemic is inevitable.
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