Medicina Intensiva 49 (2025) 502207

medicina
intensiva_

Vo4 o 5. s 2010

medicina intensiva

http://www.medintensiva.org/

ORIGINAL ARTICLE

Experience with ECMO therapy for acute respiratory )

Check for

distress syndrome treatment throughout the COVID-19 =
pandemic

José Maria Arribas-Leal®*", José Miguel Rivera-Caravaca”?,

Claudia Vicente-Andreu?, Alicia Verdi-Verd(9, Angel Sornichero?,

Daniel Pérez-Martinez¢, Juan Blanco-Morillo¢, Francisco Gutiérrez?,

Marina Simén-Paez’, Rubén Jara¢, Sergio J. Canovas-Lopez?, Carlos Albacete-Moreno®

a Department of Cardiovascular Surgery, Hospital Clinico Universitario Virgen de la Arrixaca, Instituto Murciano de Investigacion
Biosanitaria (IMIB-Arrixaca), Murcia, Spain

b Faculty of Nursing, University of Murcia, Murcia, Spain

¢ Department of Cardiology, Hospital Clinico Universitario Virgen de la Arrixaca, Instituto Murciano de Investigacion Biosanitaria
(IMIB-Arrixaca), CIBERCV, Murcia, Spain

d Perfusion Service and Extracorporeal Therapies, Hospital Clinico Universitario Virgen de la Arrixaca, Murcia, Spain

¢ Department of Intensive Care, Hospital Clinico Universitario Virgen de la Arrixaca, Murcia, Spain

f Department of Microbiology, Hospital Clinico Universitario Virgen de la Arrixaca, Murcia, Spain

Received 4 November 2024; accepted 13 March 2025

KEYWORDS Abstract

COVID-19; Objective: To analyze our experience with extracorporeal membrane oxygenation (ECMO) ther-
Adult respiratory apy for acute respiratory distress syndrome (ARDS) treatment during the COVID-19 pandemic.
distress syndrome; Design: Retrospective, observational, single center study.

Extracorporeal Setting: Third-level hospital in Spain.

membrane Patients: Adult patients with COVID-19 ARDS treated with an ECMO system in our center
oxygenation; between March 2020 and March 2023.

Mortality Interventions: Retrospective collection of variables during hospital admission and follow-up.

Main Variables of Interest: Demographic variables, clinical history, variables related to ECMO
therapy, COVID-19 wave number, in-hospital mortality, adverse events, ICU and hospital length
of stay, and functional status at follow-up were collected.

Results: Eighty-one patients were included. Of these, 61 patients (75%) died during hospitaliza-
tion. Patients who died were older and had more comorbidities. During the second, third, and
sixth waves, mortality was higher. In the multivariate analysis, the only independent predictor
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Introduction

of mortality was age (OR 1.24 95% Cl (1.027-1.5, P = 0.025). After discharge, 40% of patients
had difficulties returning to normal life due to respiratory failure requiring oxygen and
arthropathies.

Conclusion: In-hospital mortality increased during the pandemic. Older age was the only inde-
pendent predictor of mortality. After discharge, no deaths were recorded during the first 18
months of follow-up, although 40% of surviving patients had respiratory and motor sequelae
making it difficult for them to return to a normal life.

© 2025 Published by Elsevier Espana, S.L.U.

Experiencia con terapia ECMO para el tratamiento del sindrome de distrés
respiratorio agudo durante la pandemia de COVID-19

Resumen

Objetivo: Analizar nuestra experiencia con la terapia de soporte con membrana de oxigenacion
extracorporea (ECMO) para tratar el sindrome de distrés respiratorio agudo (SDRA) durante la
pandemia de COVID-19.

Diserio: Estudio retrospectivo y observacional de un Unico centro.

Ambito: Hospital de tercer nivel en Espafa.

Pacientes: Pacientes adultos con COVID-19 tratados con sistema ECMO por SDRA en nuestro
centro entre Marzo 2020 y Marzo 2023.

Intervenciones: Recogida retrospectiva de variables durante el ingreso y el seguimiento.
Variables de interés principales: Se recogieron variables demograficas, antecedentes clinicos,
variables relacionadas con la terapia ECMO, numero de ola de COVID-19, mortalidad hospita-
laria, eventos adversos, duracion de estancia en UCI y en hospital y estado funcional en el
seguimiento.

Resultados: Se incluyeron 81 pacientes. De ellos 61 pacientes (75%) fallecieron durante la hos-
pitalizacion. Los pacientes que fallecieron tenian mas edad y mas comorbilidad. Durante la
segunda, tercera y sexta olas la mortalidad fue mayor. En el analisis multivariante, el Unico
predictor independiente de mortalidad fue la edad (OR 1.24 IC 95% (1.027-1.5, P = 0.025).
Después del alta, el 40% de los pacientes presentaban dificultades para retornar a una vida
normal por insuficiencia respiratoria que precisaba de oxigeno y artropatias.

Conclusion: La mortalidad hospitalaria aumentoé durante la pandemia. Tener mayor edad fue el
Unico predictor independiente de mortalidad. Tras el alta, ningun paciente fallecioé durante los
primeros 18 meses de seguimiento, aunque el 40% de los pacientes supervivientes presentan
secuelas respiratorias y motoras que dificultan su regreso a una vida normal.

© 2025 Publicado por Elsevier Espana, S.L.U.

exceed 80%, mainly due to respiratory failure, with a
small number dying from combined respiratory and cardiac

Coronavirus disease 2019 (COVID-19), declared as pandemic
on March 11, 2020" by the World Health Organization (WHO),
results from human infection with the SARS-CoV-2 virus.
Until March 10, 2023, there were 676,609,955 confirmed
cases of COVID-19 worldwide with a mortality of 6,881,955
patients (1.01%).% In Spain, on that same date, there were
13,770,429 confirmed cases of COVID-19 with 115,239 deaths
(0.86% mortality),” whereas in the Region of Murcia (Spain)
to March 13, 2023, there were 465,270 declared cases with
2531 deaths (0.54% mortality).>

Although most patients with COVID-19 have mild symp-
toms or are asymptomatic, between 5% and 12% of
hospitalized patients for COVID-19 may develop acute res-
piratory distress syndrome (ARDS) requiring even intubation
and mechanical ventilation. In these cases, mortality can

failure.’

The WHO and the CDC® accept ECMO (Extracorporeal
membrane Oxygenation) therapy as a treatment for the most
severe ARDS, with good results in other ARDS caused by
viruses such as the H1N1 Influenza.” However, the role of
ECMO systems in treating COVID-19 remains to be defined.
Initial studies on the experience with ECMO in patients with
COVID-19 who developed severe ARDS indicated high mor-
tality even with ECMO therapy.®

This study aimed to analyze ECMO therapy for severe
ARDS due to COVID-19 in a tertiary hospital. We sought
to determine hospital mortality, reasons for mortality,
complications, and post-discharge outcomes. Additionally,
we explored the influence of pandemic infection waves on
patients receiving ECMO.
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Methods

A retrospective, observational, and single-center study was
performed in a tertiary referral hospital for ECMO therapy
between March 2020 and March 2023.

Patients >18 years with ARDS (according to the Berlin
criteria®) secondary to COVID-19 and treated with ECMO
therapy were included. COVID-19 was diagnosed by PCR or a
positive antigen test for SARS-CoV-2, and all patients were
treated in our institution’s Intensive Care Unit (ICU). Both
venovenous and veno-arterial ECMO systems were included.
Patients treated with ECMO therapy for ARDS for reasons
other than COVID-19 were excluded.

At inclusion, we recorded demographic variables, medi-
cal history, chronic treatment, baseline laboratory values,
gasometric and ventilatory variables, therapies for COVID-
19, and ECMO-related variables. The COVID-19 waves and
the predominant SARS-CoV-2 variant in each wave were doc-
umented. During hospitalization, we monitored in-hospital
mortality along with its causes, in addition to other
complications and adverse events, including infection (sus-
pected on clinical signs, along with the administration of
systemic antibiotics) (respiratory, bacteriemia, sepsis, and
urinary infection), renal failure, major bleeding (if interven-
tion is needed to control it or if a significant amount of blood
products is required), neurological complications (ischemic
stroke, intracranial bleeding), respiratory complications
(pneumothorax, embolism), and heparin-induced thrombo-
cytopenia. We also recorded the length of stay in ICU, length
of stay in hospital, and the functional status of patients
after hospital discharge using the New York Heart Associa-
tion (NYHA) classification and the Barthel Index to measure
performance in basic activities of daily living. Health assess-
ments were conducted 1-month after discharge and every
6-months thereafter through face-to-face contacts and/or
telephone calls. Additionally, we checked medical records
for potential contacts in other hospitals or primary care
centers.

The ELSO and SEMICYUC guidelines for managing anti-
coagulation and the ECMO system were followed during
therapy.'-"? The goal was to maintain a hemoglobin level
of 10 g/dL, and COVID-19 patients were treated with stan-
dard lung-protective mechanical ventilation settings (tidal
volume 6 mL/kg and plateau pressure <30 cmH,0)."""?

According to data from the Ministry of Health, the dif-
ferent waves of COVID-19 suffered in Spain throughout
2020-2022" were listed (first wave: from March 13, 2020, to
June 21, 2020; second wave: from June 22, 2020, to Decem-
ber 6, 2020; third wave: from December 7, 2020, to March
14, 2020; fourth wave: from March 15, 2021 to June 19,
2021; fifth wave: from June 20, 2021 to October 14, 2021;
and sixth wave: from October 15, 2021, to December 31,
2022).

The Ethics Committee from our center approved the
study (Internal Code 2022-11-2-HCUVA), which exempted
the researchers from the need for informed consent.

Statistical analysis

Categorical variables were expressed as frequencies and
percentages and compared with the Pearson x? test or

Fisher’s test. In quantitative variables, the normality of the
distribution was verified using the Kolmogorov-Smirnov test.
Variables were expressed as the mean =+ standard deviation
or using the median (interquartile range, IQR), as appro-
priate. Analyses were run with the Student’s t-test or the
Mann-Whitney U test

Variables were analyzed using univariate logistic regres-
sion models for in-hospital mortality. Subsequently, all
the variables with significant p-values (<0.05) in the uni-
variate analyses were included in multivariate logistic
regression models, stepwise forward method. The results
were reported as odds ratio (OR) with corresponding 95%
confidence interval (Cl). Receiver Operating Characteristics
(ROC) curve analysis was used to determine the predictive
ability of the quantitative variables significantly related to
mortality, and the cut-off values that provided the maximum
sensitivity and specificity were determined.

All statistical analyses were performed using the SPSS
software package (IBM SPSS Statistics, Version 24, Armonk,
NY, USA). A p-value <0.05 was considered statistically sig-
nificant.

Results

Until March 2023, 327 patients were admitted to our ICU
for severe SARS-COV-2 infection. Of these, 81 patients
(25% of patients treated in the ICU for COVID-19) required
ECMO supportive therapy for ARDS due to COVID-19 that
did not respond to conventional therapy and were there-
fore included in the study (58 [72%] males, mean age
of 50.9 + 10.3 years) (Table 1). Hypertension and obe-
sity were the most prevalent comorbidities (40% and 38%,
respectively), followed by dyslipidemia (27%). In our study
population, 85% received corticosteroids, 39% monoclonal
antibodies, and 24% antiviral medications as treatment for
COVID-19 before ECMO support.

Regarding the presentation of COVID-19, the most com-
mon symptoms were dyspnea (82%), fever (77%), and cough
(64%). All patients had severe ARDS according to the Berlin
criteria’ with a median PaO2/Fi02 (PF ratio) of 82 (IQR
65—90) mmHg, a median pre-ECMO preimplantation pH of
7.37 (IQR 7.25-7.43), a median pre-implantation PO2 of
65.7 (IQR 52.3-78.4) mmHg, and a median PCO2 of 52 (IQR
37.6-71.4) mmHg. The use of the prone position as a preim-
plantation therapeutic measure was very frequent in our
study cohort (94%). Seventy-seven (95%) patients required
veno-venous ECMO, while 4 (5%) patients required veno-
arterial ECMO. Of these last 4 patients, 3 were switched from
veno-venous ECMO to veno-arterial ECMO due to poor hemo-
dynamic progress. Only 1 patient required veno-arterial
ECMO support from the beginning. No patients transitioned
from veno-arterial ECMO to veno-venous ECMO.

The mean number of days between the onset of the
COVID-19 symptoms and orotracheal intubation was 12 &+ 6
days. The median time for mechanical ventilation was 24
(IQR 14—42) days. The mean PEEP of ECMO therapy was
12.3 £+ 2.6 cm H,0. The median time between the onset
of clinical COVID-19 and the start of ECMO therapy was
17.5 (IQR 13-26) days. The median time between orotra-
cheal intubation and ECMO cannulation was 6 (IQR 3—12)
days. Patients remained at a median of 12.5 on ECMO (IQR

Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en agosto 11,
2025. Para uso personal exclusivamente. No se permiten otros usos sin autorizacion. Copyright ©2025. Elsevier Inc. Todos los derechos reservados.



J.M. Arribas-Leal, J.M. Rivera-Caravaca, C. Vicente-Andreu et al.

Table 1 Baseline characteristics of the patients.
N = 81
Demographics
Age (years), 50.9 + 10.3

mean =+ standard deviation
Male 58 (73%)

Body mass index (kg/m?)  34.3 £ 6.9
Comorbidities

Hypertension 32 (39%)
Diabetes Mellitus 16 (20%)
Ischemic heart disease 1 (1%)
Peripheral artery disease 3 (4%)
Obesity (BMI > 30 kg/m?) 31 (38%)
Dyslipidemia 22 (27%)
Chronic kidney disease 6 (7%)
Asthma/COPD 12 (15%)
Immunosuppression 7 (9%)
Smoking 4 (5%)

Baseline lab test results

Creatinine (mg/dl) 0.68 (0.52—0.99)

Lactate (mmol/L) 1.3 (1-2.1)
Total bilirrubine (mg/dl ) 0.45 (0.29-0.7)
CRP (mg/dl) 7.9 (1.27-19)
Procalcitonin (ng/mL) 0.21 (0.13—0.46)
Fibrinogen (mg/dl) 600 + 231

D-dimer (mg/L)

Leukocytes (n X mcL)

Platelets (n X mcL)
Arterial blood gases

902 (534—2812)
12,325 (9137-19,447)
278,000 (207,750—380,750)

Pa0,/FiO; (mm Hg) 82 (65—90)
pH 7.37 (7.25-7.43)
PO, (mm Hg) 66 (52—78)
PCO, (mm Hg) 52 (38—71)

Ventilatory Parameters
PEEP (cm H;0)

12 (810—14.2)

Peak Inspiratory Pressure 36 (30—44)
(cm H,0)
Mean Airway Pressure (cm 30 (25—40)
H0)
Clinical manifestation of
COVID-19
Dyspnoea 66 (82%)
Fever 62 (77%)
Cough 52 (64%)
Chest pain 9 (11%)
Myalgias 21 (26%)
General malaise 37 (46%)

BMI: body mass index; COPD: chronic obstructive pulmonary dis-
ease; CRP: C-reactive protein; PaO;/FiO;: The ratio of partial
pressure of oxygen in arterial blood (PaO;) to the fraction of
inspiratory oxygen concentration (FiO;); PO,: partial pressure of
oxygen; PCO,: partial pressure of carbon dioxide; PEEP: positive
end-expiratory pressure.

5.5—-25.7) days. The median stay in the ICU was 27 (IQR
20—46) days, whereas for hospitalization it was 28.5 (IQR
21-56) days (Table 2).

During the pandemic, the number of patients assisted
with ECMO therapy varied across different waves. In the
first wave, 5 patients received ECMO support, accounting for

Table 2 Times (median IQR) (n = 81).

Mechanical ventilation time
(days)
Time on ECMO (days)

24 (14—42)

12.5 (5.5-25.7)

Time in ICU (days) 27 (20—46)
Time in Hospital (days) 28.5 (21-56)
Long ECMO (>30 days) 13 (16%)
Pre-ECMO prone position 75 (94%)
Days between mechanical 6 (3—12)

ventilation and ECMO

ECMO: extracorporeal membrane oxygenator; ICU: intensive
care unit.

20% of the COVID-19 patients treated in the ICU during that
period. This figure increased to 25 in the second wave, rep-
resenting 22.5% of ICU COVID-19 patients. During the third
wave, the absolute number decreased to 16 patients, consti-
tuting 26% of all COVID-19 patients treated in the ICU. In the
fourth wave, only 3 patients received ECMO therapy, mak-
ing up 25% of ICU patients. The fifth wave, with 8 patients,
represented 32% of ICU patients with COVID-19. Finally, 24
patients were assisted with ECMO therapy in the sixth wave,
which accounted for 26% of those treated in the ICU (Fig. 1).

Patients with COVID-19 assisted with ECMO therapy pre-
sented a high morbidity rate. Seventy-three (90%) patients
had an infection at some level during admission (respiratory
infection, bacteremia and sepsis, and urinary infection).
Due to the anticoagulant therapy required to maintain the
ECMO systems, 42 (52%) patients experienced major bleed-
ing during ECMO treatment. Twenty-four (30%) patients had
pneumothorax, and 22 (27%) had heparin-induced throm-
bocytopenia. Thrombosis or pulmonary thromboembolism
episodes were presented in 13 (16%) and 8 (10%) patients,
respectively.

Concerning mortality, 61 patients died during hospitaliza-
tion, representing a 75% mortality rate. When we analyzed
mortality according to the successive waves of COVID-19,
we found significant differences between waves (p = 0.012).
During the second, third, and sixth waves, the mortality rate
exceeded 80%. In the fourth wave, it was 67%, while the fifth
wave recorded 50%. The first wave had a mortality rate of
20% (Table 3, Fig. 2). Concerning the predominant variants
of the SARS-CoV-2 virus in each wave in our study popula-
tion, the predominant strain was B1, originating in Wuhan, in
the first three waves, and the alpha variant predominated in
the fourth wave. However, in the fifth and sixth waves, the
delta variant was predominant followed by a low percentage
of omicron in the sixth wave.

The leading causes of mortality among patients on ECMO
therapy were multi-organ failure (36%), respiratory fail-
ure (26%), sepsis (22%), and cardiorespiratory arrest (14%).
Seven (8.6%) patients had their life support adjusted due to
the irreversibility of their multiorgan failure, with an aver-
age of 14.7 £+ 7.4 days of ECMO support in this group. Of
note, patients who died were older (53.7 += 8 vs. 41.8 £ 11.4,
p < 0.001), and more frequently had hypertension (49% vs.
5%, p = 0.001), dyslipidemia (33% vs. 5%, p = 0.017), a
higher creatinine (0.8 [IQR 0.58—1] mg/dL vs. 0.55 [IQR
0.47-0.72] mg/dL, p = 0.008), and experienced a longer
interval between COVID-19 symptoms and mechanical ven-
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Evolution of the number of Patients assisted with ECMO Therapy

according to the wave of COVID-19

35%
30%
25%
20%
15%
10%

5%

0%

First Wave Second Wave Third Wave Fourth Wave

e % Patients assisted with ECMO Therapy

Figure 1

Fifth Wave

Sixth Wave

Evolution of the number of Patients assisted with ECMO Therapy according to the wave of COVID-19.

ECMO: Extracorporeal Membrane Oxygenation; ARDS: Acute Respiratory Distress Syndrome.

Table 3 Comparison of living and dead patients on ECMO due to ARDS for COVID-19.

Patients who die (N = 61)  Patients who survived (N =20) p-value

Age (years) 53.7 + 8 41.8 +£11.4 <0.001
Male 47 (77%) 12 (60%) 0.229
BMI (kg/m?) 342 +7 347 £7 0.881
Obesity (BMI > 30 kg/m?) 24 (39%) 6 (30%) 0.542
Hypertension 30 (49%) 1 (5%) 0.001
Diabetes Mellitus 15 (24.6%) 1 (5%) 0.066
Dyslipidemia 20 (33%) 1 (5%) 0.017
Pre ECMO tracheo 16 (26.2%) 9 (45%) 0.083
Hemofilter 28 (46%) 2 (10%) 0.005
Any major bleeding 27 (44%) 15 (75%) 0.008
Wave number

12 1 (20%) 4 (80%) 0.012

24 22 (88%) 3 (12%)

34 13 (81%) 3 (19%)

44 2 (67%) 1 (33%)

54 4 (50%) 4 (50%)

64 19 (83%) 5 (17%)
Pre-ECMO creatinine 0.8 (0.58—1) 0.55 (0.47—0.72) 0.008
Pre-ECMO CRP 10.59 (1.8—20.8) 1.77 (0.75-8.69) 0.065
Days on mechanical ventilation 20 (13—30) 49 (28—63) <0.001
Days on ECMO 11 (3.5-21-5) 24 (12-31) 0.006
Length of stay in ICU (days) 24 (18.5—33.5) 57 (36—72) <0.001
Length of stay in hospital (days) 26 (20—34) 72 (64—79) <0.001
Long ECMO (>30 days) 8 (13%) 5 (25%) 0.863
Days from COVID-19 clinic to mechanical ventilation  13.3 + 6.3 8.8 £5.7 0.014
Days of COVID-19 clinic to ECMO 18 (14.5-27) 17 (10—23) 0.244
Days from mechanical ventilation to ECMO 3 (5-12) 8 (5—14) 0.133
Days from tracheostomy to ECMO 4 (2-9) 5((3-9) 0.619

BMI: Body Mass Index; ECMO: extracorporeal membrane oxygenation; CRP: C-reactive protein; ICU: intensive care unit.

tilation (13.3 + 6.3 vs. 8.8 = 5.7 days, p = 0.014) compared
to patients who survived. There were no significant differ-
ences between the two groups regarding obesity (39% vs.
30%, p = 0.542) (Table 3). After ECMO implantation, patients
who died required hemofiltration therapy more frequently
(46% vs. 11%, p = 0.005). These patients also had a shorter
time on mechanical ventilation (20 [IQR 13—30] days vs. 49

[IQR 28—63] days, p < 0.001), shorter time on ECMO (11 [IQR
3.5-21.5] days vs. 24 [IQR 12—31] days, p = 0.006), spent
less time in the ICU (24 [IQR 18.5-33.5] days vs. 57 [IQR
36—72] days, p < 0.001), and less time hospitalized (26 [IQR
20-—34] days vs. 72 [IQR 64—79] days, p < 0.001), than the
survivor patients (Table 3).
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Wave mortality in patients on ECMO due to ARDS for COVID-19
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ECMO: Extracorporeal Membrane Oxygenation; ARDS: Acute Respiratory Distress

Syndrome

Figure 2 Wave mortality in patients on ECMO Therapy due to ARDS for COVID-19.
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Figure 3 ROC curve for mortality and age in COVID-19

patients assisted with ECMO.

In the multivariate logistic regression analysis, only age
was an independent predictor of mortality in these patients
with ARDS due to COVID-19 requiring ECMO therapy (OR
1.24, 95% Cl 1.027-1.50; p = 0.025). After ROC analysis, age
achieved a predictive ability (according to the c-index) of
0.826 (95% C1 0.75—0.90) (Fig. 3). The best cut-off point was
an age >51 years with a sensitivity of 70.5% and a specificity
of 95%.

Later, a clinical follow-up during a mean of 18 + 10
months of the 20 patients discharged from the hospital

showed that 12 (60%) patients were in NYHA functional class
I, 5 (25%) were in functional class Il, and 3 (15%) were in
NYHA functional class Ill. According to the Barthel Index, 5
(25%) patients were discharged with moderate dependency,
another 5 (25%) patients had slight dependency, and the
remaining 10 (50%) patients exhibited minimal dependency
or independence. Eight (40%) patients recognized difficulties
in returning to a normal working life due to secondary seque-
lae of ARDS that required ECMO assistance and a long stay
in the ICU and hospital, mainly respiratory failure requiring
oxygen and arthropathies.

Discussion

Our work reflects our experience with the ECMO therapy of
ARDS caused by the SARS-CoV-2 throughout the COVID-19
pandemic.

The first interesting result from our cohort of 81 patients
with COVID-19-related ARDS who received ECMO therapy
was the incidence of pneumothorax, which was somewhat
higher than the rate reported by other authors for COVID-
19 patients requiring mechanical ventilation.' This suggests
that our patients had severe lung involvement with sig-
nificant lung damage and stiffness, despite the use of
lung-protective ventilation settings.

Regarding mortality, the in-hospital mortality rate found
in our patients was high (75%). Initial studies reported a 94%
mortality of patients treated with ECMO for ARDS caused
by COVID-19,2 which raised concerns among some clinicians
about the usefulness of ECMO in ARDS caused by COVID-19.
However, meta-analyses and subsequent systematic reviews
showed lower mortality (between 37% and 49%)."> These
mortality rates were supported by various observational
multicenter studies.’®"2*> Nonetheless, many of these stud-
ies were cross-sectional, with the pandemic still ongoing and
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some of the patients analyzed still on ECMO or in-hospital,
or they were studies focused only on the first wave of the
pandemic, such as the EuroECMO-COVID.?° On the contrary,
other studies from Germany and Poland reported mortality
of patients on ECMO due to ARDS due to COVID-19 close to
70%.16,24—27

Notably, there was an increase in mortality from the
second wave of the COVID-19 pandemic in our cohort.
Other researchers have described this fact throughout
the pandemic.6-2928-31 This paradoxical situation has been
explained by various reasons.'®?°-3" One of them is the
increase in non-invasive respiratory support before ECMO,
which could cause a more fibrotic lung at the time of
mechanical ventilation, and subsequent connection to ECMO
therapy and therefore more difficult to recover. Another
potential reason is the use of dexamethasone in all patients
with COVID-19 since the publication of the Recovery trial,?
which could cause a selection of patients for more inva-
sive therapies who do not respond to steroids. Moreover,
the increase in bacterial infections added to the increase
in treatments with corticosteroids or monoclonal antibod-
ies that modulate the inflammatory and immunological
response of the patient, and finally the liberalization of
the indication of ECMO systems for the treatment of ARDS
caused by COVID-19, given the good initial results. The fact is
that this increase in the mortality of patients on ECMO during
the evolution of the pandemic differentiates it from other
indications of ECMO due to ARDS of non-COVID-19 origin.

On the other hand, like Shih et al.** we did not find dif-
ferences in mortality among the different variants of the
SARS-CoV-2 virus predominant throughout the pandemic,
unlike Schmidt et al.,"” who did find higher mortality asso-
ciated with the delta variant of SARS-CoV-2.

Interestingly, patients in our study who survived were
placed on mechanical ventilation earlier than those who
died. This aligns with other research showing that early
intubation in COVID-19 patients correlates with lower mor-
tality rates.** Consequently, delaying the transition from
non-invasive ventilation to mechanical ventilation beyond
48 h may increase mortality.*

The main cause of hospital death among our patients
was a multi-organ failure, followed by respiratory failure
and sepsis. Such figures were very similar to those published
by Lorusso et al. in a study of the EuroECMO-COVID study
group.?’

In our study, the only independent predictor of in-hospital
mortality was age. This predictor also appears in other
works as the main predictor of mortality in general COVID-19
infection?* 3 and in patients with ARDS caused by SARS-CoV-
2, assisted with ECMO therapy.'¢-233¢=38 |n our analysis, the
best cut-off point for age was >51 years. This data could
guide us in future pandemics on the use of ECMO thera-
pies in patients with ARDS, although it must be taken with
great caution since it is much lower than the cut-off point
applied by other studies of >65 years.*® However, it seems
to underline that ECMO therapy in patients with ARDS due to
COVID-19 is more effective under 50 years of age, as pointed
out by Karagiannidis et al.*’

Finally, we achieved a follow-up of 100% for the patients
discharged from our hospital, and no patient died during
the follow-up. Unlike, the series by Lorusso et al.?° report
a mortality of 5% at 6 months after discharge. In our series,

60% of the discharged patients had an active working life
18 months after hospital discharge, a percentage higher
than that found in other works showing that only 24% of
the discharged patients had resumed their regular work 6
months after discharge?® or 38% of the discharged patients
who returned to work in the Chommeloux et al. series,*°
1-year after hospital discharge, although our average follow-
up was higher than these studies. This fact may be attributed
to the early intervention of rehabilitation and physiotherapy
services with these patients even while they were supported
with ECMO devices in the ICU.

Limitations

Our study has certain limitations. First, it is a retrospec-
tive, single-center study with few patients; hence our results
may not apply to other centers. Association does not imply
causality; therefore, our results should be considered a
hypothesis generator. In the analysis of ventilatory varia-
bles, tidal volume and plateau pressure were not included.
We did not analyze patients in whom it was decided not to
implant ECMO support. We did not know the viral variants
that infected each case studied. We analyzed the predomi-
nant variant of the virus during the pandemic in our region.
In clinical follow-up, we lack a more objective and stan-
dardized evaluation of lung function and a psychological
evaluation of these patients.

Anyway, this work reflects our center’s experience in
treating ARDS from SARS-CoV-2 using ECMO during the
COVID-19 pandemic, including a complete 18-month follow-
up for survivors. This knowledge can guide future pandemic
responses. It is crucial to avoid the futile use of ECMO in
patients with low survival chances and to maintain strict
indication criteria. A model from the Greater Paris area'
involved a centralized evaluation of ECMO requests, which
is worth noting. Regular reviews of ECMO outcomes and indi-
cations will help enhance protocols for future ARDS patients.

Conclusion

In our experience, patients with ARDS due to SARS-CoV-2
who underwent ECMO therapy experienced high mortality
and morbidity. In-hospital mortality increased during the
pandemic, with older age as the sole independent predictor.
However, once discharged, no patients died within the first
18 months of follow-up, though 40% faced respiratory and
motor sequelae, affecting their ability to return to normal
work and social life.

CRediT authorship contribution statement

JMAL: gathered data, coordinated the conceptualization and
design of the study, writing and edition of the manuscript,
and performed the statistical analysis.

JMRC: participated in the conceptualization and design
of the study, writing, and edition of the manuscript, and
performed the statistical analysis.

CVA: participated in the revision and edition of the
manuscript.

Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en agosto 11,
2025. Para uso personal exclusivamente. No se permiten otros usos sin autorizacion. Copyright ©2025. Elsevier Inc. Todos los derechos reservados.



J.M. Arribas-Leal, J.M. Rivera-Caravaca, C. Vicente-Andreu et al.

AVV: participated in the revision and edition of the
manuscript.

AS: participated in the revision and edition of the
manuscript.

DPM: participated in the revision and edition of the
manuscript.

JBM: participated in the revision and edition of the
manuscript.

FG: participated in the revision and edition of the
manuscript.

MSP: gathered data and participated in the revision and
edition of the manuscript.

RJ: participated in the revision and edition of the
manuscript.

SJCL: participated in the revision and edition of the
manuscript.

CAM: gathered data, participated in the conceptualiza-
tion and design of the study, and writing and edition of the
manuscript.

All the authors approved the final version.

Declaration of Generative Al and Al-assisted
technologies in the writing process

While writing this manuscript, the authors used no genera-
tive artificial intelligence tools.

Funding

This work did not receive any funding whatsoever.

Declaration of competing interest

None.

References

1. World Health Organization Coronavirus disease 2019
(COVID-19).  Situation Report - 51. March 2020.

https://www.who.int/docs/default-source/coronaviruse/
situation-reports/2. (Accessed 05 November 2022).

2. Johns Hopkins University & Medicine Coronavirus COVID-
19 Global Cases by the Center for Systems Science and
Engineering (CSSE) at Johns Hopkins University. April 2020.
https://coronavirus.jhu.edu/map.html. (Accessed 10 March
2023).

3. Servicio de Epidemiologia. D.G. de Salud Publica y Adic-
ciones. Consejeria de Salud. Region de Murcia. Enfer-
medad por coronavirus COVID-19: informacion epidemi-
oldgica. https://www.murciasalud.es/pagina.php?id=458869.
(Accessed 13 March 2023).

4. Richardson S, Hirsch JS, Narasimhan M, Crawford JM, McGinn T,
Davidson KW, et al. Presenting characteristics, comorbidities,
and outcomes among 5700 patients hospitalized with COVID-19
in the New York city area. JAMA. 2020;323(20):2052-9,
http://dx.doi.org/10.1001/jama.2020.6775.  Erratum  in:
JAMA. 2020 May 26;323(20):2098. PMID: 32320003; PMCID:
PMC7177629.

5. Madjid M, Safavi-Naeini P, Solomon SD, Vardeny O.
Potential effects of coronaviruses on the cardiovascu-
lar system: a review. JAMA Cardiol. 2020;5(7):831-40,

10.

1.

12.

13.

14.

15.

16.

17.

. Henry BM,

http://dx.doi.org/10.1001/jamacardio.2020.1286. PMID:

32219363.

. Peek GJ, Mugford M, Tiruvoipati R, Wilson A, Allen E, Thalanany

M, et al. Efficacy and economic assessment of conventional
ventilatory support versus extracorporeal membrane oxygena-
tion for severe adult respiratory failure (CESAR): a multicentre
randomised controlled trial. Lancet. 2009;374(9698):1351-63,
http://dx.doi.org/10.1016/50140-6736(09)61069-2.

. Noah MA, Peek GJ, Finney SJ, Griffiths MJ, Harrison DA,

Grieve R, et al. Referral to an extracorporeal mem-
brane oxygenation center and mortality among patients with
severe 2009 influenza A(H1N1). JAMA. 2011;306(15):1659-68,
http://dx.doi.org/10.1001/jama.2011.1471. Epub 2011 Oct 5.
PMID: 21976615.

Lippi G. Poor survival with extracorporeal
membrane oxygenation in acute respiratory distress syn-
drome (ARDS) due to coronavirus disease 2019 (COVID-19):
Pooled analysis of early reports. J Crit Care. 2020;58:27-8,
http://dx.doi.org/10.1016/j.jcrc.2020.03.011.

. The ARDS Definition Task Force. Acute respiratory distress syn-

drome. The berlin definition. JAMA. 2012;307(23):2526-33.
Badulak J, Antonini MV, Stead CM, Shekerdemian L, Raman
L, Paden ML, et al. Extracorporeal membrane oxygenation
for COVID-19: updated 2021 guidelines from the extracorpo-
real life support organization. ASAIO J. 2021;67(5):485-95,
http://dx.doi.org/10.1097/MAT.0000000000001422.
Vidal-Cortés P, Diaz Santos E, Aguilar Alonso E, Amezaga
Menéndez R, Ballesteros MA, Bodi MA, et al. Recomendaciones
para el manejo de los pacientes criticos con COVID-19 en
las Unidades de Cuidados Intensivos [Recommendations for
the management of critically ill patients with COVID-19
in Intensive Care Units]. Med Intensiva. 2022;46(2):81-9,
http://dx.doi.org/10.1016/j.medin.2021.08.011. Spanish.
Epub 2021 Sep 16. PMID: 34545260; PMCID: PMC8443328.

Riera J. ECMO in ARDS: key points of indication criteria
and management. Med Intensiva (Engl Ed). 2022;46(8):465-71,
http://dx.doi.org/10.1016/j.medine.2022.05.008. Epub 2022
Jun 17. PMID: 35725955.

Informe n° 181. Situacion de COVID-19 en Espafa. Informe
COVID-19. 30 de junio de 2023. ISCIll. Situacion de
COVID-19 en Espafna a 30 de junio de 2023. Equipo
COVID-19. RENAVE. CNE. CNM (ISCHI). chrome-extension:
https://repisalud.isciii.es/entities/publication/05a47f3b-e2cf-
4c6f-b767-0aaf72b78ea8 (Accessed 10 October 2023).
McGuinness G, Zhan C, Rosenberg N, Azour L, Wick-
strom M, Mason DM, et al. Increased incidence of
barotrauma in patients with COVID-19 on invasive
mechanical ventilation. Radiology. 2020;297(2):E252-62,
http://dx.doi.org/10.1148/radiol.2020202352. Epub 2020 Jul
2. PMID: 32614258; PMCID: PMC7336751.

Ling RR, Ramanathan K, Sim JJL, Wong SN, Cheng Y, Amin
F, et al. Evolving outcomes of extracorporeal membrane oxy-
genation during the first 2 years of the COVID-19 pandemic: a
systematic review and meta-analysis. Crit Care. 2022;26:147,
http://dx.doi.org/10.1186/s13054-022-04011-2.

Herrmann J, Lotz C, Karagiannidis C, Weber-Carstens
S, Kluge S, Putensen C, et al. Key characteris-
tics impacting survival of COVID-19 extracorporeal
membrane  oxygenation.  Crit  Care.  2022;26(1):190,

http://dx.doi.org/10.1186/s13054-022-04053-6.
35765102; PMCID: PMC9238175.

Schmidt M, Hajage D, Landoll M, Pequignot B, Langouet E, Amal-
ric M, et al. Comparative outcomes of extracorporeal membrane
oxygenation for COVID-19 delivered in experienced European
Centres during successive SARS-CoV-2 variant outbreaks (ECMO-
SURGES): an international, multicenter, retrospective cohort
study. Lancet Respir Med. 2023;11:163-75.

PMID:

Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en agosto 11,
2025. Para uso personal exclusivamente. No se permiten otros usos sin autorizacion. Copyright ©2025. Elsevier Inc. Todos los derechos reservados.


https://www.who.int/docs/default-source/coronaviruse/situation-reports/2
https://www.who.int/docs/default-source/coronaviruse/situation-reports/2
https://coronavirus.jhu.edu/map.html
https://www.murciasalud.es/pagina.php?id=458869
dx.doi.org/10.1001/jama.2020.6775
dx.doi.org/10.1001/jamacardio.2020.1286
dx.doi.org/10.1016/S0140-6736(09)61069-2
dx.doi.org/10.1001/jama.2011.1471
dx.doi.org/10.1016/j.jcrc.2020.03.011
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0030
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0030
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0030
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0030
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0030
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0030
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0030
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0030
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0030
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0030
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0030
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0030
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0030
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0030
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0030
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0030
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0030
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0030
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0030
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0030
dx.doi.org/10.1097/MAT.0000000000001422
dx.doi.org/10.1016/j.medin.2021.08.011
dx.doi.org/10.1016/j.medine.2022.05.008
https://repisalud.isciii.es/entities/publication/05a47f3b-e2cf-4c6f-b767-0aaf72b78ea8
https://repisalud.isciii.es/entities/publication/05a47f3b-e2cf-4c6f-b767-0aaf72b78ea8
dx.doi.org/10.1148/radiol.2020202352
dx.doi.org/10.1186/s13054-022-04011-2
dx.doi.org/10.1186/s13054-022-04053-6
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0065
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0065
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0065
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0065
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0065
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0065
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0065
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0065
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0065
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0065
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0065
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0065
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0065
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0065
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0065
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0065
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0065
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0065
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0065
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0065
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0065
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0065
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0065
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0065
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0065
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0065
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0065
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0065
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0065
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0065
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0065
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0065
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0065
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0065
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0065
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0065
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0065
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0065
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0065
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0065
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0065
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0065
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0065
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0065
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0065
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0065
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0065
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0065
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0065
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0065
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0065
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0065
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0065
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0065

Medicina Intensiva 49 (2025) 502207

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Schmidt M, Langouet E, Hajage D, James SA, Chommeloux
J, Bréchot N, et al. Evolving outcomes of extracorpo-
real membrane oxygenation support for severe COVID-19
ARDS in Sorbonne hospitals, Paris. Crit Care. 2021;25:355,
http://dx.doi.org/10.1186/s13054-021-03780-6.

Lebreton G, Schmidt M, Ponnaiah M, folliguet T, Para M, Guihare
J, et al. Extracorporeal membrane oxygenation network orga-
nization and clinical outcomes during the pandemic in Greater
Paris, France: a multicentre cohort study. Lancet Respir Med.
2021;9:851-62.

Lorusso R, De Piero ME, Mariani S, Di Mauro M, Folliguet T, Tac-
cone FS, et al. In-hospital and 6-months outcomes in patients
with COVID-19 supported with extracorporeal membrane
oxygenation (EuroECMO-COVID): a multicentre, prospective
observational study. Lancet Respir Med. 2023;11:151-62.
Castafio M, Sbraga F, Pérez de la Sota E, Arribas JM, Camara ML,
Voces R, et al. Oxigenacion con membrana extracorporea en
el paciente COVID-19: resultados del Registro Espanol ECMO-
COVID de la Sociedad Espaiiola de Cirugia Cardiovascular y
Endovascular. Cir Cardiov. 2022;22(2):89-102.

Barbaro RP, MacLaren G, Boonstra PS, Iwashyna TJ, Slutsky AS,
Fan E, et al. Extracorporeal membrane oxygenation support in
COVID-19: an international cohort study of the Extracorporeal
Life Support Organization registry. Lancet. 2020;396:1071-8.
Shih E, DiMaio JM, Squiers JJ, Banwait JK, Meyer DM, George TJ,
et al. Venovenous extracorporeal membrane oxygenation for
patients with refractory coronavirus disease 2019 (COVID-19):
multicenter experience of referral hospitals in a large health
care system. J Thorac Cardiovasc Surg. 2022;163(3):1071-9.e3,
http://dx.doi.org/10.1016/j.jtcvs.2020.11.073. Epub 2020 Dec
1. PMID: 33419553; PMCID: PMC7704331.

Karagiannidis C, Mostert C, Hentschker C, Voshaar T, Malzahn
J, Schillinger G, et al. Case characteristics, resource use, and
outcomes of 10 021 patients with COVID-19 admitted to 920
German hospitals: an observational study. Lancet Respir Med.
2020;8:853-62.

Karagiannidis C, Slutsky AS, Bein T, Windisch W, Weber-
Carstens S, Brodie D, et al. Complete countrywide mortality
in COVID patients receiving ECMO in Germany throughout the
first three waves of the pandemic. Crit Care. 2021;25:413,
http://dx.doi.org/10.1186/s13054-021-03831-y.

Karagiannidis C, Strassmann S, Merten M, Bein T, Windisch
W, Meybohm P, et al. High in-hospital mortality rate
in patients with COVID-19 receiving extracorporeal
membrane oxygenation in Germany: a critical anal-
ysis. Am J Respir Crit Care Med. 2021;204(8):991-4,
http://dx.doi.org/10.1164/rccm.202105-1145LE. PMID:
34283685; PMCID: PMC8534613.

Trejnowska E, Drobinski D, Knapik P, Wajda-Pokrontka M, Szul-
drzynski J, Nowak W, et al. Extracorporeal membrane oxygena-
tion for severe COVID-19-associated acute respiratory distress
syndrome in Poland: a multicenter cohort study. Crit Care.
2022;26:97, http://dx.doi.org/10.1186/s13054-022-03959-5.
Braaten Jacob A, Bergman Zachary R, Wothe lJillian K,
Lofrano Arianna E, Matzek Luke J, Doucette Melissa RRT,
et al. Increasing mortality in venovenous extracorporeal
membrane oxygenation for COVID-19-associated acute respi-
ratory distress syndrome. Crit Care Explor. 2022;4(3):e0655,
http://dx.doi.org/10.1097/CCE.0000000000000655.

Broman LM, Eksborg S, Lo Coco V, De Piero ME,
Belohlavek J, Lorusso R, et al. Extracorporeal mem-
brane oxygenation for COVID-19 during first and
second waves. Lancet Respir Med. 2021;9(8):e80-1,

http://dx.doi.org/10.1016/52213-2600(21)00262-9.
2021 Jun 16. PMID: 34146489; PMCID: PMC8331087.

Epub

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Riera J, Roncon-Albuquerque R, Fuset MP, Alcantara S,
Blanco-Schweizer P, On behalf of ECMOVIBER Study Group.
Increased mortality in patients with COVID-19 receiving
extracorporeal respiratory support during the second wave
of the pandemic. Intensive Care Med. 2021;47:1490-3,
http://dx.doi.org/10.1007/s00134-021-06517-9.

Brodie D, Abrams D, MacLaren G, Brown CE, Evans L,
Barbaro RP, et al. Extracorporeal membrane oxygena-
tion during respiratory pandemics: past, present, and
future. Am J Respir Crit Care Med. 2022;205(12):1382-90,

http://dx.doi.org/10.1164/rccm.202111-2661CP. PMID:
35213298; PMCID: PMC9875895.

Horby P, Lim WS, Emberson JR, Mafham M, Bell
JL, Linsell L, et al.,, RECOVERY Collaborative
Group. Dexamethasone in hospitalized patients
with Covid-19. N Engl J Med. 2021;384(8):693-704,
http://dx.doi.org/10.1056/NEJM0a2021436. Epub 2020

Jul 17. PMID: 32678530; PMCID: PMC7383595.

Shih E, DiMaio JM, Squiers JJ, Rao A, Rahimighazikalayeh G,
Meidan TC, et al. Extracorporeal membrane oxygenation for
respiratory failure in phases of COVID-19 variants. J Card Surg.
2022;37:2972-9.

Riera J, Barbeta E, Tormos A, Mellado-Artigas R, Ceccato
A, Motos A, et al. Effects of intubation timing in patients
with COVID-19 throughout the four waves of the pandemic:
a matched analysis. Eur Respir J. 2023;61(3):2201426,
http://dx.doi.org/10.1183/13993003.01426-2022. PMID:
36396142; PMCID: PMC9686319.

Williamson EJ, Walker AJ, Bhaskaran K, Bacon S, Bates C,
Morton CE, et al. Factors associated with COVID-19-related
death using OpenSAFELY. Nature. 2020;584(7821):430-6,
http://dx.doi.org/10.1038/s41586-020-2521-4. Epub 2020 Jul
8. PMID: 32640463; PMCID: PMC7611074.

Barbaro RP, MacLaren G, Boonstra PS, Combes A, Ager-
strand C, Annich G, et al. Extracorporeal membrane
oxygenation for COVID-19: evolving outcomes from
the international Extracorporeal Life Support Orga-
nization Registry. Lancet. 2021;398(10307):1230-8,
http://dx.doi.org/10.1016/50140-6736(21)01960-7. Epub
2021 Sep 29. PMID: 34599878; PMCID: PMC8480964.

Riera J, Alcantara S, Bonilla C, Fortuna P, Blandino
Ortiz A, Vaz A, et al. Risk factors for mortality in
patients with COVID-19 needing extracorporeal res-
piratory support. Eur Respir J. 2022;59(2):2102463,
http://dx.doi.org/10.1183/13993003.02463-2021. PMID:
34824058; PMCID: PMC8620104.

Tran A, Fernando SM, Rochwerg B, Barbaro RP, Hodgson CL,
Munshi L, et al. Prognostic factors associated with mor-
tality among patients receiving venovenous extracorporeal
membrane oxygenation for COVID-19: a systematic review
and meta-analysis. Lancet Respir Med. 2023;11(3):235-44,
http://dx.doi.org/10.1016/52213-2600(22)00296-X. Epub 2022
Oct 10. PMID: 36228638; PMCID: PMC9766207.

Karagiannidis C, Bein T, Welte T. ECMO during the COVID-19
pandemic: moving from rescue therapy to more rea-
sonable indications. Eur Respir J. 2022;59(2):2103262,
http://dx.doi.org/10.1183/13993003.03262-2021. PMID:
35115345; PMCID: PMC8828992.

Chommeloux J, Valentin S, Winiszewski H, Adda M, Pineton de
Chambrun M, Moyon Q, et al. One-year mental and physical
health assessment in survivors after extracorporeal membrane
oxygenation for COVID-19-related Acute Respiratory Distress
Syndrome. Am J Respir Crit Care Med. 2023;207(2):150-9,
http://dx.doi.org/10.1164/rccm.202206-11450C. PMID:
36150112; PMCID: PMC9893333.

Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en agosto 11,
2025. Para uso personal exclusivamente. No se permiten otros usos sin autorizacion. Copyright ©2025. Elsevier Inc. Todos los derechos reservados.


dx.doi.org/10.1186/s13054-021-03780-6
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0075
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0075
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0075
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0075
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0075
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0075
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0075
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0075
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0075
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0075
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0075
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0075
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0075
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0075
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0075
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0075
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0075
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0075
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0075
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0075
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0075
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0075
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0075
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0075
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0075
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0075
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0075
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0075
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0075
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0075
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0075
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0075
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0075
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0075
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0075
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0075
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0075
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0075
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0075
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0075
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0075
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0075
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0075
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0075
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0075
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0075
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0075
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0075
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0080
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0080
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0080
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0080
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0080
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0080
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0080
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0080
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0080
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0080
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0080
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0080
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0080
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0080
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0080
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0080
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0080
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0080
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0080
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0080
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0080
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0080
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0080
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0080
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0080
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0080
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0080
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0080
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0080
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0080
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0080
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0080
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0080
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0080
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0080
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0080
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0080
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0080
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0080
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0080
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0080
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0080
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0080
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0080
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0080
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0080
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0080
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0080
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0080
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0085
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0085
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0085
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0085
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0085
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0085
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0085
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0085
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0085
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0085
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0085
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0085
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0085
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0085
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0085
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0085
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0085
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0085
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0085
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0085
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0085
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0085
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0085
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0085
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0085
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0085
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0085
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0085
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0085
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0085
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0085
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0085
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0085
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0085
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0085
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0085
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0085
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0085
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0085
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0085
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0085
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0085
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0085
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0085
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0085
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0085
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0085
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0085
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0085
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0085
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0085
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0085
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0085
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0085
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0085
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0085
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0085
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0085
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0085
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0085
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0085
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0085
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0085
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0085
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0085
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0085
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0090
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0090
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0090
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0090
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0090
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0090
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0090
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0090
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0090
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0090
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0090
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0090
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0090
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0090
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0090
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0090
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0090
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0090
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0090
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0090
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0090
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0090
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0090
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0090
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0090
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0090
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0090
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0090
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0090
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0090
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0090
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0090
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0090
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0090
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0090
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0090
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0090
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0090
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0090
dx.doi.org/10.1016/j.jtcvs.2020.11.073
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0100
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0100
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0100
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0100
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0100
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0100
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0100
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0100
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0100
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0100
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0100
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0100
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0100
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0100
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0100
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0100
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0100
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0100
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0100
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0100
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0100
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0100
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0100
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0100
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0100
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0100
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0100
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0100
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0100
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0100
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0100
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0100
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0100
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0100
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0100
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0100
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0100
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0100
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0100
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0100
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0100
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0100
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0100
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0100
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0100
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0100
dx.doi.org/10.1186/s13054-021-03831-y
dx.doi.org/10.1164/rccm.202105-1145LE
dx.doi.org/10.1186/s13054-022-03959-5
dx.doi.org/10.1097/CCE.0000000000000655
dx.doi.org/10.1016/S2213-2600(21)00262-9
dx.doi.org/10.1007/s00134-021-06517-9
dx.doi.org/10.1164/rccm.202111-2661CP
dx.doi.org/10.1056/NEJMoa2021436
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0145
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0145
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0145
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0145
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0145
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0145
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0145
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0145
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0145
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0145
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0145
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0145
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0145
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0145
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0145
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0145
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0145
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0145
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0145
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0145
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0145
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0145
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0145
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0145
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0145
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0145
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0145
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0145
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0145
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0145
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0145
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0145
http://refhub.elsevier.com/S0210-5691(25)00024-5/sbref0145
dx.doi.org/10.1183/13993003.01426-2022
dx.doi.org/10.1038/s41586-020-2521-4
dx.doi.org/10.1016/S0140-6736(21)01960-7
dx.doi.org/10.1183/13993003.02463-2021
dx.doi.org/10.1016/S2213-2600(22)00296-X
dx.doi.org/10.1183/13993003.03262-2021
dx.doi.org/10.1164/rccm.202206-1145OC

	Experience with ECMO therapy for acute respiratory distress syndrome treatment throughout the COVID-19 pandemic
	Introduction
	Methods
	Statistical analysis

	Results
	Discussion
	Limitations

	Conclusion
	CRediT authorship contribution statement
	Declaration of Generative AI and AI-assisted technologies in the writing process
	Funding
	Declaration of competing interest

	References

