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a b s t r a c t 

Venovenous extracorporeal membrane oxygenation (VV-ECMO) is an established rescue therapy in the manage- 

ment of refractory acute respiratory distress syndrome (ARDS). Although ECMO played an important role in 

previous respiratory viral epidemics, concerns about the benefits and usefulness of this technique were raised 

during the coronavirus disease 2019 (COVID-19) pandemic. Indeed, the mortality rate initially reported in small 

case series from China was concerning and exceeded 90%. A few months later, the critical care community 

published the findings from several observational cohorts on the use of extracorporeal membrane oxygenation 

(ECMO) in COVID-19-related ARDS. Contrary to the preliminary results, data from the first surge supported the 

use of ECMO in experienced centers because the mortality rate was comparable to those from the ECMO to Rescue 

Lung Injury in Severe ARDS (EOLIA) trial or other large prospective studies. However, the mortality rate of the 

population with severe disease evolved during the pandemic, in conjunction with changes in the management of 

the disease and the occurrence of new variants. The results from subsequent studies confirmed that the outcomes 

mainly depend on strict patient selection and center expertise. In comparison with non-COVID-related ARDS, the 

duration of ECMO for COVID-related ARDS was longer and increased over time. Clinicians and decision-makers 

must integrate this finding in the ECMO decision-making process to plan their ICU capacity and resource al- 

location. This narrative review summarizes the current evidence and specific considerations for ECMO use in 

COVID-19-associated ARDS. 

I

 

E  

r  

i  

c  

n  

o  

q  

M  

1  

a  

e  

t  

o  

l

t  

m  

(  

S  

E  

r  

E  

A

H

 

s  

m  

n  

t  

h

R

A

C

l

ntroduction 

Venovenous extracorporeal membrane oxygenation (VV-

CMO) is an established rescue therapy in the management of

efractory acute respiratory distress syndrome (ARDS). [ 1 , 2 ] Dur-

ng the coronavirus disease 2019 (COVID-19) pandemic, con-

erns were raised about the benefits and usefulness of this tech-

ique. Indeed, during a period when healthcare systems were

verwhelmed worldwide and resources were limited, one could

uestion the use of such highly resource-intensive techniques.

oreover, in comparison with the influenza pandemic, COVID-

9 shows a higher likelihood of requiring mechanical ventilation

nd intensive care unit (ICU) stay. [ 3 ] Early in the pandemic, sev-

ral observational studies reported conflicting results regarding

he influence of extracorporeal membrane oxygenation (ECMO)

n mortality in COVID-19-associated ARDS. Despite these nega-
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ive initial results, ECMO has become a widespread treatment

ethod for severe ARDS associated with COVID-19. To date

September 05, 2022) and according to the Extracorporeal Life

upport Organization (ELSO) registry, 13,853 patients received

CMO support since the beginning of the pandemic. [ 4 ] This nar-

ative review aims to summarize the evidence for the use of

CMO in ARDS, especially life-threatening COVID-19-associated

RDS. 

istory of ECMO in ARDS 

The development of ECMO parallels the history of cardiac

urgery and the use of cardiopulmonary bypass (CPB). In the

id-20th century, pioneers of that field hoped that the tech-

ology could be used to provide temporary life support for pa-

ients with acute cardiac or respiratory failure. However, the
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echnology available in the early fifties was rudimentary, and

nitial attempts yielded disappointing results. The first oxygena-

ors developed could not be used for more than a few hours be-

ore serious hematological complications occurred. During the

id-sixties, Zapol et al. [ 5 ] used newer membranes made of sil-

cone rubber. These oxygenators lasted for days, allowing him

o study ECMO-related physiological changes in animals. Con-

omitantly, Hill et al. [ 6 ] from the Pacific Medical Center began

o use a heart–lung machine for adults presenting with cardio-

enic shock and refractory hypoxic respiratory failure. However,

atients who underwent implantation between 1966 and 1970

ere described as moribund at the initiation of the support, and

o long-term survivors were reported. 

In 1972, Hill et al. [ 7 ] reported the first case of ARDS in which

he patient survived after receiving ECMO support. The 24-year-

ld patient presented with aortic dissection and sustained mul-

iple trauma injuries (chest, pelvis, and lower limb fractures)

fter a motor vehicle accident. He was successfully operated on

ut presented with refractory ARDS on postoperative day 4. Af-

er discussion, The Pacific Medical Center team flew in and as-

isted the patient with a veno-arterial extracorporeal membrane

xygenation (VA-ECMO) for 75 h. Interestingly, a trial of “pro-

ective mechanical ventilation ” was provided during extracor-

oreal life support (ECLS). Peak airway pressure was decreased

rom 60 cmH 2 O to 35 cmH 2 O and tidal volume from 1000 mL

o 800 mL. The patient was subsequently weaned-off ECMO and

echanical ventilation, transferred to an orthopedic ward, and

urvived. 

Several cases of successful neonatal respiratory insufficiency

ere then published. By the end of the seventies, survival among

eonates receiving ECMO support was reported to be around

0%, and ECMO became an accepted therapy in neonatal crit-

cal care medicine. [ 8 ] In 1979, Zapol et al. [ 9 ] published the

rst randomized controlled trial (RCT) on ECMO. Their trial,

hich included 90 patients, compared two strategies for severe

cute respiratory failure (ARF): conventional mechanical venti-

ation alone and a combination of VA-ECMO and conventional

echanical ventilation. The causes of ARF were mainly bac-

erial or viral pneumonia. The survival rate was poor in both

roups (9.5% and 8.5%, respectively). The authors concluded

hat “ECMO can support gas exchange but did not increase the

robability of long-term survival in patients with severe ARF. ”
 9 ] As a result, the enthusiasm and scientific interest for ECMO

eclined, and decades passed before research on this topic re-

umed. In 1994, Morris et al. [ 10 ] published the second RCT on

CMO and ARDS. They randomized 40 patients with severe

RDS into two groups to compare extracorporeal CO 2 removal

nd pressure-controlled inverse ratio ventilation to conventional

entilation. The results were again disappointing, with no signif-

cant difference in survival at day 30 (33% vs. 42%, respectively;

 = 0.800). The authors concluded that extracorporeal support

as not recommended as a therapy for ARDS and that its use

hould be restricted only to controlled clinical trials. 

ontemporary evidence for VV-ECMO in ARDS Before the 

OVID-19 pandemic 

The technical advancements in the 21st century led ECMO

nto a new era. Indeed, the use of a centrifugal pump in conjunc-

ion with a better membrane oxygenator improved the overall
2 
iocompatibility, whereas smaller circuits allowed better porta-

ility. However, ECMO was only used in highly specialized cen-

ers at that time. 

In 2009, the H 1 N 1 pandemic caused an overwhelming num-

er of severe ARDS patients worldwide that challenged the

ealthcare system and the critical care community. Many of

hese patients were young and presented with ARDS that was

efractory to conventional management. ECMO was then used

s a rescue therapy and showed encouraging results in observa-

ional studies. Indeed, the Australian and New Zealand ECMO

nfluenza investigators reported a survival rate of 71% for sup-

orted patients, with a mean age of 34.4 years and a Murray

core of 3.8 at cannulation. [ 11 ] Several other national obser-

ational cohorts were published (France, United Kingdom, and

taly) and reported similar results. [ 12-14 ] In the same year, Peek

t al. [ 15 ] published the CESAR trial. The authors considered that

he previous RCTs [ 9 , 10 ] were not relevant in the modern ECMO

ra due to significant differences in the case selection, mechan-

cal ventilation management, and extracorporeal circuit design.

eek et al. [ 15 ] conducted their RCT between 2001 and 2004 and

ncluded 180 adult patients with severe ARDS, a Murray score

f 3 (including four components: degree of hypoxemia, respira-

ory system compliance, chest radiographic findings, and level

f positive end-expiratory pressure) or respiratory acidosis (pH

 7.20), and who were mechanically ventilated for < 7 days. Pa-

ients were randomly allocated to receive conventional manage-

ent in their center (90 patients) or referral to consideration for

reatment by ECMO in an ECMO center (90 patients). The au-

hors reported an increased survival rate or severe disability at

 months for the patients referred to an expert center. Moreover,

he quality adjusted life year at 6 months was also significantly

etter, and the strategy to transfer patients to an ECLS center

as proven to be cost-effective. However, only 75% of the re-

erred patients received ECMO; protective mechanical ventila-

ion was applied in only 70% of the patients in the control group,

nd 6% died during transport (i.e., before reaching the referral

enter). These methodological limitations significantly limited

he interpretation and the external validity of their trial. 

Nearly 10 years later, the ECMO to Rescue Lung Injury in

evere ARDS (EOLIA) trial was published. [ 16 ] The multicenter

CT included patients who presented with severe ARDS and

nderwent mechanical ventilation for < 7 days with one of the

ollowing criteria (partial pressure of oxygen[PaO 2 ]/fraction

f inspired oxygen[FiO 2 ] ≤ 50 mmHg for ≥ 3 h, PaO 2 /FiO 2 

 80 mmHg for ≥ 6 h, or pH < 7.25 with PaCO 2 > 60 mmHg). Pa-

ients were randomly assigned to receive immediate VV-ECMO

r undergo conventional mechanical ventilation management.

ltra-protective ventilation, including reduction of the tidal vol-

me, respiratory rate, and plateau pressure, was protocolized in

he interventional arm. Crossover to ECMO was allowed in cases

howing refractory hypoxemia, defined by SpO 2 < 80%, despite

he use of all adjunct therapies available. The study was stopped

or futility after 67 months and the inclusion of 249 patients. At

0 days, an 11% absolute mortality reduction was observed in

avor of the ECMO group (35% vs. 46%), but this difference did

ot reach statistical significance ( P = 0.070). However, 28% of

he patients in the control group (35 patients) required crossover

nd emergent cannulation in the context of refractory hypox-

mia. This may have diluted the effect of ECMO on the primary

utcome. Furthermore, the trial might have been underpowered
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o detect a 20% absolute reduction in mortality in the ECMO

roup. Secondary outcomes, including renal and hemodynamic

ysfunction, were also in favor of the interventional group. 

An individual patient meta-analysis of 429 patients from

he EOLIA and CESAR trials was conducted, [ 17 ] and the au-

hors reported significantly lower mortality at 90 days in the

CMO group in comparison with the control group (36% vs.

8%; relative risk: 0.75; 95% confidence interval [CI]: 0.60–

.94; P = 0.013). Almost 50 years after the first successful case

f ECLS in ARDS, ECMO became part of the standard of care

n experienced centers for ARDS patients refractory to conven-

ional management (including protective mechanical ventila-

ion, prone position, and neuromuscular blockades). [ 2 , 18-20 ] 

CMO and the First Surge of COVID-19 

The first data reporting the use of ECMO in COVID-19-

ssociated ARDS were obtained from China. The mortality rate

eported was concerning and exceeded 90%. [ 21-23 ] However,

hose studies were mainly small case series, and they included

imited information about the characteristics, management, and

utcomes after day 30. Some authors rushed to a premature con-

lusion about the lack of benefit of this technique in COVID-19

ases. [ 24 ] 

Despite the rising concern from those initial reports, the

orld Health Organization, the ELSO, and critical care experts

ecommended that ECMO should be considered in the manage-

ent of severe COVID-related ARDS. [ 25-27 ] They stressed in their

ecommendation that this technique should be provided in spe-

ialized centers with a mobile ECMO team capable of identifying

elected patients and transferring them to the expert center. 

In this context of uncertainty regarding the benefits of ECMO,

chmidt et al. [ 28 ] reported the characteristics and 90-day out-

omes of 83 patients who received ECMO for COVID-19-related

RDS. The median pre-ECMO PaO 2 /FiO 2 ratio was 60 mmHg

interquartile range [IQR]: 54–68 mmHg), and prone position

nd neuromuscular blockades were extensively used before

CMO onset (94% and 96%, respectively). The median age was

9 years (IQR: 41–56 years), and 73% of the patients were male.

he estimated probability of death 60 days after ECMO implan-

ation was 31% (95% CI: 22–42%), which was very similar to

he mortality rate observed in the EOLIA trial. Mortality at day

0 was 36% (95% CI: 27–48%). Nonetheless, further research

s needed to confirm these reassuring outcomes reported by a

ingle experienced ECMO center [ Table 1 ]. 

A subsequent multicenter observational study conducted by

he ELSO 

[ 29 ] confirmed the results reported by Schmidt et al.

hat study enrolled 1035 patients from 36 countries who under-

ent initiation of ECMO before May 2020. The estimated cumu-

ative incidence of death at 90 days was 37.4% (95% CI: 34.4–

0.4%). Assessment of pre-ECMO characteristics showed that

he median PaO 2 /FiO 2 ratio was 72 mmHg (IQR: 59–94 mmHg).

n comparison with the results reported by Schmidt et al. [ 28 ] ,

rone position and neuromuscular blockades were used less fre-

uently before ECMO initiation in the study (60% and 74%,

espectively). The median patient age was 49 years (IQR: 41–

7 years), and 74% of the included patients were men. More-

ver, 70% of the cohort received care in another hospital before

eing transferred to an ELSO center and a mobile ECMO team

etrieved 47% of these patients. 
3 
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Using data from a multicenter cohort study of 5122 critically

ll adults with COVID-19 admitted to 68 hospitals across the

nited States, Shaefi et al. [ 30 ] reported the clinical features and

utcomes for 190 patients treated with ECMO within 14 days

f ICU admission. To estimate the effect of ECMO on mortal-

ty, the authors emulated a target trial of ECMO receipt vs. no

CMO receipt within 7 days of ICU admission among mechan-

cally ventilated patients with severe hypoxemia (PaO 2 /FiO 2 

 100). Among them, 190 patients were supported by ECMO

uring the study period. At 60 days, 33.2% of the patients had

ied, 49.5% were discharged from the hospital, and 17.3% re-

ained hospitalized. Among patients eligible for the target trial

mulation, 45 of the 130 (34.6%) who received ECMO died,

nd 553 of the 1167 (47.4%) who did not receive ECMO died.

n the pre-ECMO assessments, the median PaO 2 /FiO 2 ratio was

2 mmHg (IQR: 61–90 mmHg), and 71.1% of the patients un-

erwent prone positioning while 78.4% received neuromuscular

lockades before ECMO initiation. The median age was 49 years

IQR: 41–58 years), and 72.1% of the patients were men. Pa-

ients were cannulated early after intubation (median: 2 days;

QR: 0–5 days). In the primary analysis, patients who received

CMO showed lower mortality than those who did not (hazard

atio = 0.55; 95% CI: 0.41–0.74). Although the study was not an

CT, its results highly suggested that ECMO may reduce mor-

ality in select patients with severe COVID-19-associated ARDS.

he above large-cohort-based studies provided a generalizable

stimate of ECMO mortality during the first surge of COVID-

9, which was secondarily confirmed by a meta-analysis of 22

bservational studies and 1896 patients who reported a pooled

ortality of 37%. [ 31 ] 

Only one study reported a significantly lower mortality rate

n comparison with the literature during the first wave of

OVID-19. In a retrospective study of 40 patients hospitalized

t two tertiary centers in Chicago, Mustafa et al. [ 32 ] reported

 mortality rate of 17.5%. Moreover, at the time of the pub-

ication, 73% of the patients were discharged from the hospi-

al while no longer receiving oxygen. Assessment of the pre-

CMO characteristics showed that the mean PaO 2 /FiO 2 ratio

as 68.9 mmHg, 73% of the patients underwent prone position-

ng, and 78% received neuromuscular blockade before ECMO

nitiation. The median age was 51 years (IQR: 22–64 years).

atients were cannulated early after intubation, i.e., a mean

f 4 days on mechanical ventilation. Interestingly, the strat-

gy used in this study was different from those reported in

he previous cohorts: a single-access, dual-stage right atrium–to-

ulmonary artery cannula (V-PA ECMO) was implanted instead

f the usual configuration of VV-ECMO, and the right ventricular

unction before ECMO initiation was not reported. Besides, pa-

ients were extubated 11.0 ± 1.9 days after ECMO onset, which

llowed early mobilization. Nevertheless, the total ECMO du-

ation was still long (30.0 ± 3.6 days). While these results are

mpressive, they have not been replicated since this first pub-

ication. Therefore, any inferences must be made with caution,

nd further research is essential to evaluate the strategy used in

his trial (V-PA ECMO and early extubation). 

Altogether, the above data support the use of ECMO in

OVID-19-associated ARDS in an experienced center because

he mortality rates were similar to those reported in the CE-

AR and EOLIA trials. [ 15 , 16 ] The pre-ECMO characteristics of the

atients reported by Schmidt et al. [ 28 ] , Barbaro et al. [ 29 ] , and

s

4 
haefi et al. [ 30 ] were comparable in terms of age, PaO 2 /FiO 2 ra-

io, and use of adjunct therapies. Similarly, the incidence of com-

lications was not higher in COVID-19-associated ARDS than

hose previously reported during ECMO for different ARDS eti-

logies. Lastly, the use of ECMO among critically ill patients was

% and 8% in the USA and Europe, respectively, during the first

ave of the pandemic. [ 30 , 33 , 34 ] 

CMO and sSubsequent Waves of COVID-19 

New variants with different patterns of contagiousness and

irulence occurred during the subsequent waves of COVID-19.

oreover, landmark publications changed the global care of pa-

ients with severe COVID-19, which may have also contributed

o modifying the outcomes of the most severe patients who re-

uired ECMO. 

In June 2020, the RECOVERY trial showed that dexametha-

one (6 mg/day for 10 days) reduced mortality significantly in

omparison with usual care. [ 35 ] Immunomodulation with mon-

clonal antibodies (tocilizumab and sarilumab) was also shown

o be effective in improving survival and decreased the need

or invasive mechanical ventilation. [ 36 ] Similarly, a paradigm

hift occurred regarding the timing of intubation. Reports of

 lower need for invasive mechanical ventilation with non-

nvasive ventilation (NIV) strategies, [ 26 , 37 ] vaccination of health

orkers, and recommendations of the international guidelines

ed to more frequent use of high-flow nasal oxygen and NIV in

omparison with the first surge, where patients were promptly

ntubated. All these changes in the pre-ECMO management con-

ributed to modifying the profile of the ECMO candidates during

he pandemic. 

The mortality of patients on ECMO evolved after the first

ave of COVID-19 infections, and several observational cohorts

eported a higher mortality rate in comparison with the previous

urge. [ 38-40 ] The characteristics and outcomes of patients who

eceived ECMO before ( n = 88) and after July 1, 2020 ( n = 71) at

orbonne University, Paris, France were recently published. [ 38 ] 

n that study, patients were enrolled until January 28, 2021.

ompared to the patients of the first wave, those admitted af-

er July 1, 2020, were significantly older (median age: 54 years;

QR: 49–60 years). The time from the first symptoms to intu-

ation (11 days; IQR: 8–17 days) as well as the time from ICU

dmission to ECMO onset (9 days; IQR: 4–12 days) were signifi-

antly longer than those reported during the first wave. Interest-

ngly, the time between intubation and ECMO was similar in the

wo periods. The use and the duration of high-flow oxygen and

IV were respectively more frequent and longer in the second

eriod. Despite the similar pre-ECMO PaO 2 /FiO 2 ratios, organ

ailure rates, comorbidities, and adjunct therapies between the

wo periods, pneumothorax was more frequent (17% vs. 6%,

 = 0.003) and the use of high-dose steroids for non-resolving

RDS was significantly higher during the second wave (37% vs.

5%, P = 0.001). As expected, dexamethasone was prescribed be-

ore ECMO in 82% of the patients after July 1, 2020, while only

8% received it before that date. Overall, the estimated proba-

ility of mortality at 90 days was 48% after July 1, 2020, which

as significantly higher than the corresponding value during the

rst surge (36%). Furthermore, the median duration of ECMO

ignificantly increased as well. 
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The above results were confirmed in larger international co-

orts. In the ELSO registry, 4812 patients undergoing ECMO be-

ore December 31, 2020, were analyzed. [ 39 ] The outcomes of

hose patients were analyzed among three groups: patients can-

ulated before May 2020 and after May 2020 and those cared for

n new ECMO centers that started ECMO after May 1, 2020. In

omparison to the patients of the first wave, patients admitted

fter May 2020 showed significantly greater incidences of di-

betes, immunocompromised status, pre-existing heart failure,

cute kidney injury (AKI), and bacterial co-infection (bacterial

neumonia and bacteremia). The use of high-flow oxygen and

IV before intubation was also more frequent. Similarly, dexam-

thasone and remdesivir were more commonly prescribed after

ay 2020 (78% vs. 43%; P < 0.001), whereas pre-ECMO respira-

ory mechanics and blood gas did not change over time. Among

hese early adopting centers, the incidence of 90-day mortality

ncreased significantly from 36.9% to 51.9%. The median dura-

ion of ECMO also increased from 14.1 days (7.9–24.1 days) to

0 days (9.7–35.1 days). Interestingly, 90-day mortality in pa-

ients treated in the late-adopting centers with a low ECMO case

olume (9 [0–24] cases in the previous year) was 58.9% despite

lmost the same pre-ECMO baseline characteristics. A higher ad-

usted relative risk of in-hospital mortality was reported when

ompared to the groups treated before May 1. 

The ECMOVIBER (ECMO during the COVID-19 pandemic in

he Iberian peninsula) study confirmed the overall decrease in

he survival of ECMO patients over the pandemic. [ 41 ] In the

etrospective, observational study, which included 319 patients

rom 24 centers, the authors reported a significant increase in

ortality during the second wave (60.1% vs . 41.1%, P = 0.001).

atients from the second wave were older (mean age: 54.6 ± 9.9

s. 51.2 ± 10.5; P = 0.004) and more comorbid, and had a higher

ime from ICU admission to ECMO initiation. Notably, the in-

idence of ventilator-associated pneumonia (VAP) was signifi-

antly more frequent (58.9.1% vs. 41%; P = 0.003), and patients

rom the second surge were less likely to be treated in an expe-

ienced center. 

The impact of the ECMO experience level on outcomes has

een highlighted during the pandemic. Karagiannidis et al. [ 40 ] 

eported the outcomes of 3397 COVID-19 patients supported

ith VV-ECMO in Germany from March 1, 2020, to May 31,

021. Of note, the hospital mortality of these patients in Ger-

any was 68%, which remained stable through successive

urges of the pandemic. The reported rate was much higher

han the mortality rates reported in France, [ 28 , 38 , 42 ] Spain, and

ortugal [ 43 ] or even in international cohorts. [ 29 , 39 ] Mortality in

hat study was also considerably higher than the mortality re-

ently reported in the United Kingdom (25%), where a cen-

ralized national referral system was established at the start of

he pandemic to provide a unified pathway for hospitals in the

nited Kingdom to refer patients for consideration of ECMO to

pecialist centers. [ 44 ] Although the granularity of the data pro-

ided by Karagiannidis et al. [ 40 ] precluded a complete under-

tanding of the reasons for such important mortality, one can

rgue that the liberal use of ECMO in Germany with the lack of

ational regulation may have played a key role. 

In an emulated trial based on a nationwide COVID-19 co-

ort, Hajage et al. [ 45 ] found differential survival over time of

n ECMO compared with a non-ECMO strategy for COVID-19.

he ECMO strategy showed a higher survival probability on day

a  

5 
 (87% vs. 83%), which decreased during follow-up on day 90

63% vs. 65%). However, an ECMO strategy consistently yielded

etter outcomes when performed in high-volume ECMO centers

r in regions where ECMO services had been organized to han-

le high demand. These results reinforce the need for regional

CMO networks and advocate the provision of ECMO in expe-

ienced centers to optimize the outcomes of these critically ill

atients, especially at times of unprecedented strain on health-

are systems. 

In summary, the mortality and the duration of ECMO in-

reased after the first wave of COVID-19 (SARS CoV-2 wild-

ype). Several reasons could account for these differences. First,

he patient selection seemed less strict, because, in most stud-

es, the patients were consistently older and with more comor-

idities. Older age was shown to be an independent risk fac-

or for death in many COVID ECMO cohorts. [ 28-30 ] Second, pre-

CMO drug management markedly changed with routine use

f corticosteroids and immunosuppressive agents, which may

xplain the higher rates of bacteremia and VAP reported af-

er the first wave. Third, the higher use of high-flow nasal

xygen and NIV over prolonged periods could have predis-

osed patients to patient self-inflicted lung injury (P-SILI). [ 46 ] 

n increased rate of barotrauma despite similar mechanical

entilation management supports this hypothesis. Altogether,

AP and P-SILI could increase lung damage and therefore de-

rease the probability of lung recovery during ECMO. More-

ver, the findings also suggest that ECMO candidates after the

rst surges were refractory to several treatments that have

een shown to improve the survival of COVID-19. Fourth, the

ccurrence of new variants with increased virulence might

ave played a role, even if this hypothesis should be con-

rmed as an increased hospitalization risk, ICU admission,

nd death were reported with the delta variant (B.1.617.2). [ 47 ] 

astly, the expansion of inexperienced ECMO centers and the

ack of homogeneity in ECMO management among centers

s a major concern that has been highlighted during this

andemic. [ 29 , 42 , 45 ] 

pecificity of COVID-19 in ECMO sSupport 

Several specific aspects regarding the care of these patients

hould be noted. In comparison with ARDS attributable to other

tiologies, COVID-19-related ARDS requires longer periods of

CMO, which seems to have increased over the pandemic. This

mportant point is crucial to planning ICU capacity in the con-

ext of resource constraints. For instance, the median ECMO

ays in 90-day survivors in the French and the international

ohorts was 20 (9.7–35.1) days and 14.1 (7.9–24.1) days, re-

pectively, whereas it was 9 (6–16) days in the CESAR trial [ 15 ] 

nd 15 ± 13 days in the EOLIA trial. [ 16 ] The risk of superinfec-

ion in these patients is a matter of concern. Schmidt et al. [ 38 ] 

eported that 89% of the patients were treated for VAP dur-

ng their ICU stay. Among a cohort of 50 COVID-19 patients

ho received ECMO, 86% had VAP, which recurred in 79% of

he patients, and most recurrences were relapses despite ade-

uate antimicrobial treatment. [ 48 ] The increasing number of re-

orts on COVID-19-associated invasive pulmonary aspergillo-

is (CAPA) has raised concerns regarding the possibility that

APA is a factor contributing to mortality. However, the ex-

ct incidence of CAPA is variable worldwide, and the distinc-
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ion between colonization and invasive fungal infection remains

hallenging. [ 49 , 50 ] Interestingly, the estimated cumulative inci-

ence of VAP was significantly higher in COVID-19 patients

han in influenza patients treated with ECMO ( P = 0.002). No-

ably, these data were collected during the first wave where

teroids and other immunotherapies were not used as a stan-

ard of care. Further research should be conducted to deter-

ine if the incidence of infections, recurrences, and relapses in-

reased with the current medical management and whether an-

imicrobial therapy should be adapted in the context of COVID-

9-related ARDS (dual therapy instead of single therapy, par-

icularly for non-fermenting Gram-negative bacteria; a combi-

ation of intravenous and aerosolized antibiotics; or prolonged

ntibiotic duration). 

COVID-19 also shows some vascular tropism and exposes pa-

ients to a higher risk of thromboembolic and bleeding events,

hich are frequent and dreaded complications of ECMO. [ 51 ] 

ecently, Mansour et al. [ 52 ] provided important insights re-

arding these complications in COVID-19 patients treated with

CMO. In a large, prospective, multicenter cohort study in-

luding 620 patients from February 2020 to March 2022, the

ncidence of bleeding was greater than that of thrombosis

49% vs. 36%). In contrast to the complications of thrombo-

is, bleeding was independently associated with in-hospital mor-

ality, with intracranial hemorrhage carrying the highest risk

f death. Although that study has obvious limitations, it high-

ights the challenges in determining the optimal dose of antico-

gulants in these patients. Increasing the anticoagulation reg-

men for COVID-19 patients beyond the limits mentioned in

xisting guidelines may be associated with harm and unclear

enefits. 

Lastly, the ECMO experience of the centers is of utmost im-

ortance because it strongly influences the outcomes. [ 29 , 42 , 45 ] 

ndeed, guidelines and experts’ opinions advised against the ini-

iation of new ECMO programs during the pandemic, and cen-

ers with > 30 cases of VV-ECMO in the previous year had con-

istently better outcomes. [ 42 , 45 ] 

onclusions 

Two and a half years after the beginning of the pandemic,

everal large cohort studies have highlighted the benefits of

CMO in severe COVID-19-related ARDS. Despite scarce re-

ources and overwhelmed healthcare systems, ECMO has been

sed frequently worldwide. However, the mortality rate has

volved during the pandemic, in conjunction with changes in

he pre-ECMO management of the disease and the occurrence of

ew variants. The findings for large cohorts confirmed that out-

omes mainly depend on patient selection and center expertise,

einforcing the need to strictly apply EOLIA inclusion criteria

n experienced ECMO centers with trained medical and nurs-

ng staff. While planning for ICU and ECMO capacity, physi-

ians and decision-makers must consider the prolonged dura-

ion of ECMO, ICU, and hospital stays of patients with severe

iseases. Further research is now warranted to improve pa-

ient selection and the treatment of VAP on ECMO. Lastly, be-

ause the disease will likely continue to evolve in the future,

urveillance of the outcomes with new variants and reassess-

ent of the ECMO selection criteria may be required in a near

uture. 
6 
unding 

This research did not receive any specific grant from funding

gencies in the public, commercial, or not-for-profit sectors. 

onflicts of Interest 

Matthieu Schmidt reports lecture fees from Getinge, Drager,

nd Xenios outside the submitted work. Alain Combes reports

rants from Getinge, and personal fees from Getinge, Baxter, and

enios outside the submitted work. The other author declares

hat he has no conflict of interest related to this manuscript. 

eferences 

[1] Brodie D, Slutsky AS, Combes A. Extracorporeal life support for adults with res-

piratory failure and related indications: a review. JAMA 2019;322(6):557–68.

doi: 10.1001/jama.2019.9302 . 

[2] Abrams D, Ferguson ND, Brochard L, Fan E, Mercat A, Combes A, et al. ECMO

for ARDS: from salvage to standard of care. Lancet Respir Med 2019;7(2):108–10.

doi: 10.1016/S2213-2600(18)30506-X . 

[3] Piroth L, Cottenet J, Mariet AS, Bonniaud P, Blot M, Tubert-Bitter P, et al. Com-

parison of the characteristics, morbidity, and mortality of COVID-19 and seasonal

influenza: a nationwide, population-based retrospective cohort study. Lancet Respir

Med 2021;9(3):251–9. doi: 10.1016/S2213-2600(20)30527-0 . 

[4] Extracorporeal Life Support Organization (ELSO). Extracorporeal membrane oxy-

genation (ECMO) in COVID-19. [Internet] 2020 [posted 2020 May 4, cited 2022

March 4]; Available from: https://www.elso.org/COVID19.aspx .. 

[5] Zapol WM, Kolobow T, Pierce JEVUREK GG, Bowman RL. Artificial placenta: two

days of total extrauterine support of the isolated premature lamb fetus. Science

1969;166(3905):617–18. doi: 10.1126/science.166.3905.617 . 

[6] Hill JD, Bramson ML, Rapaport E, Scheinman M, Osborn JJ, Gerbode F. Experimental

and clinical experiences with prolonged oxygenation and assisted circulation. Ann

Surg 1969;170(3):448–59. doi: 10.1097/00000658-196909010-00013 . 

[7] Hill JD, O’Brien TG, Murray JJ, Dontigny L, Bramson ML, Osborn JJ, et al. Prolonged

extracorporeal oxygenation for acute post-traumatic respiratory failure (shock-lung

syndrome). Use of the Bramson membrane lung. N Engl J Med 1972;286(12):629–

34. doi: 10.1056/NEJM197203232861204 . 

[8] Bartlett RH, Gazzaniga AB, Toomasian J, Coran AG, Roloff D, Rucker R. Extracorpo-

real membrane oxygenation (ECMO) in neonatal respiratory failure. 100 cases. Ann

Surg 1986;204(3):236–45. doi: 10.1097/00000658-198609000-00003 . 

[9] Zapol WM, Snider MT, Hill JD, Fallat RJ, Bartlett RH, Edmunds LH, et al. Extra-

corporeal membrane oxygenation in severe acute respiratory failure. A randomized

prospective study. JAMA 1979;242(20):2193–6. doi: 10.1001/jama.242.20.2193 . 

10] Morris AH, Wallace CJ, Menlove RL, Clemmer TP, Orme JF Jr, Weaver LK, et al.

Randomized clinical trial of pressure-controlled inverse ratio ventilation and extra-

corporeal CO2 removal for adult respiratory distress syndrome. Am J Respir Crit

Care Med 1994;149(2):295–305 Pt 1. doi: 10.1164/ajrccm.149.2.8306022 . 

11] Davies A, Jones D, Bailey M, Beca J, Bellomo R, et al., Australia and New Zealand

Extracorporeal Membrane Oxygenation (ANZ ECMO) Influenza Investigators Extra-

corporeal membrane oxygenation for 2009 influenza A(H1N1) acute respiratory dis-

tress syndrome. JAMA 2009;302(17):1888–95. doi: 10.1001/jama.2009.1535 . 

12] Pham T, Combes A, Rozé H, Chevret S, Mercat A, Roch A, et al. Extracorporeal

membrane oxygenation for pandemic influenza A(H1N1)-induced acute respiratory

distress syndrome: a cohort study and propensity-matched analysis. Am J Respir Crit

Care Med 2013;187(3):276–85. doi: 10.1164/rccm.201205-0815OC . 

13] Patroniti N, Zangrillo A, Pappalardo F, Peris A, Cianchi G, Braschi A, et al. The Italian

ECMO network experience during the 2009 influenza A(H1N1) pandemic: prepara-

tion for severe respiratory emergency outbreaks. Intensive Care Med 2011;37:1447–

57. doi: 10.1007/s00134-011-2301-6 . 

14] Noah MA, Peek GJ, Finney SJ, Griffiths MJ, Harrison DA, Grieve R, et al. Re-

ferral to an extracorporeal membrane oxygenation center and mortality among

patients with severe 2009 influenza A(H1N1). JAMA 2011;306(15):1659–68.

doi: 10.1001/jama.2011.1471 . 

15] Peek GJ, Mugford M, Tiruvoipati R, Wilson A, Allen E, Thalanany MM, et al.

Efficacy and economic assessment of conventional ventilatory support versus

extracorporeal membrane oxygenation for severe adult respiratory failure (CE-

SAR): a multicentre randomised controlled trial. Lancet 2009;374(9698):1351–63.

doi: 10.1016/S0140-6736(09)61069-2 . 

16] Combes A, Hajage D, Capellier G, Demoule A, Lavoué S, Guervilly C, et al. Extra-

corporeal membrane oxygenation for severe acute respiratory distress syndrome. N

Engl J Med 2018;378(21):1965–75. doi: 10.1056/NEJMoa1800385 . 

17] Combes A, Peek GJ, Hajage D, Hardy P, Abrams D, Schmidt M, et al. ECMO for severe

ARDS: systematic review and individual patient data meta-analysis. Intensive Care

Med 2020;46(11):2048–57. doi: 10.1007/s00134-020-06248-3 . 

18] Guérin C, Reignier J, Richard JC, Beuret P, Gacouin A, Boulain T, et al.

Prone positioning in severe acute respiratory distress syndrome. N Engl J Med

2013;368(23):2159–68. doi: 10.1056/NEJMoa1214103 . 

19] Papazian L, Forel JM, Gacouin A, Penot-Ragon C, Perrin G, Loundou A, et al. Neu-

romuscular blockers in early acute respiratory distress syndrome. N Engl J Med

2010;363(12):1107–16. doi: 10.1056/NEJMoa1005372 . 

https://doi.org/10.1001/jama.2019.9302
https://doi.org/10.1016/S2213-2600(18)30506-X
https://doi.org/10.1016/S2213-2600(20)30527-0
https://www.elso.org/COVID19.aspx
https://doi.org/10.1126/science.166.3905.617
https://doi.org/10.1097/00000658-196909010-00013
https://doi.org/10.1056/NEJM197203232861204
https://doi.org/10.1097/00000658-198609000-00003
https://doi.org/10.1001/jama.242.20.2193
https://doi.org/10.1164/ajrccm.149.2.8306022
https://doi.org/10.1001/jama.2009.1535
https://doi.org/10.1164/rccm.201205-0815OC
https://doi.org/10.1007/s00134-011-2301-6
https://doi.org/10.1001/jama.2011.1471
https://doi.org/10.1016/S0140-6736(09)61069-2
https://doi.org/10.1056/NEJMoa1800385
https://doi.org/10.1007/s00134-020-06248-3
https://doi.org/10.1056/NEJMoa1214103
https://doi.org/10.1056/NEJMoa1005372


B. Assouline, A. Combes and M. Schmidt Journal of Intensive Medicine xxx (xxxx) xxx 

ARTICLE IN PRESS 

JID: JOINTM [m5GeSdc; October 4, 2022;18:57 ] 

[  

 

 

[  

 

[  

 

 

[  

 

 

[  

 

 

[  

 

[  

 

 

[  

 

 

[  

 

[  

 

 

[  

 

 

[  

 

[  

 

[  

 

 

[  

 

[  

 

[  

 

[  

 

 

[  

 

 

[  

 

 

[  

 

 

[  

 

[  

 

 

[  

 

 

[  

 

 

[  

 

 

[  

 

 

[  

 

[  

 

 

[  

 

 

[  

 

 

[  

 

[  

 

 

[  

 

 

[  

 

 

20] Brower RG, Matthay MA, Morris A, Schoenfeld D, Thompson BT, Wheeler A. Ven-

tilation with lower tidal volumes as compared with traditional tidal volumes for

acute lung injury and the acute respiratory distress syndrome. N Engl J Med

2000;342(18):1301–8. doi: 10.1056/NEJM200005043421801 . 

21] Ruan Q, Yang K, Wang W, Jiang L, Song J. Clinical predictors of mortality due to

COVID-19 based on an analysis of data of 150 patients from Wuhan, China. Intensive

Care Med 2020;46(5):846–8. doi: 10.1007/s00134-020-05991-x . 

22] Yang X, Yu Y, Xu J, Shu H, Xia J, Liu H, et al. Clinical course and outcomes

of critically ill patients with SARS-CoV-2 pneumonia in Wuhan, China: a single-

centered, retrospective, observational study. Lancet Respir Med 2020;8(5):475–81.

doi: 10.1016/S2213-2600(20)30079-5 . 

23] Wu C, Chen X, Cai Y, Xia J, Zhou X, Xu S, et al. Risk factors associated with

acute respiratory distress syndrome and death in patients with coronavirus dis-

ease 2019 pneumonia in Wuhan, China. JAMA Intern Med 2020;180(7):934–43.

doi: 10.1001/jamainternmed.2020.0994 . 

24] Henry BM, Lippi G. Poor survival with extracorporeal membrane oxygena-

tion in acute respiratory distress syndrome (ARDS) due to coronavirus disease

2019 (COVID-19): Pooled analysis of early reports. J Crit Care 2020;58:27–8.

doi: 10.1016/j.jcrc.2020.03.011 . 

25] World Health Organization. Clinical management of COVID-19. [In-

ternet] 2020 [posted 2020 May 27, cited 2022 March 4]; Available

from: https://www.who.int/teams/health-care-readiness/covid-19 . 

26] Alhazzani W, Møller MH, Arabi YM, Loeb M, Gong MN, Fan E, et al. Sur-

viving sepsis campaign: guidelines on the management of critically ill adults

with coronavirus disease 2019 (COVID-19). Crit Care Med 2020;48(6):e440–69.

doi: 10.1097/CCM.0000000000004363 . 

27] Bartlett RH, Ogino MT, Brodie D, McMullan DM, Lorusso R, MacLaren G, et al. Ini-

tial ELSO guidance document: ECMO for COVID-19 patients with severe cardiopul-

monary failure. ASAIO J 2020;66(5):472–4. doi: 10.1097/MAT.0000000000001173 .

28] Schmidt M, Hajage D, Lebreton G, Monsel A, Voiriot G, Levy D, et al. Extracorporeal

membrane oxygenation for severe acute respiratory distress syndrome associated

with COVID-19: a retrospective cohort study. Lancet Respir Med 2020;8(11):1121–

31. doi: 10.1016/S2213-2600(20)30328-3 . 

29] 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(10257):1071–8. doi: 10.1016/S0140-6736(20)32008-0 . 

30] Shaefi S, Brenner SK, Gupta S, O’Gara BP, Krajewski ML, Charytan DM,

et al. Extracorporeal membrane oxygenation in patients with severe res-

piratory failure from COVID-19. Intensive Care Med 2021;47(2):208–21.

doi: 10.1007/s00134-020-06331-9 . 

31] Ramanathan K, Shekar K, Ling RR, Barbaro RP, Wong SN, Tan CS, et al. Extracorpo-

real membrane oxygenation for COVID-19: a systematic review and meta-analysis.

Crit Care 2021;25(1):211. doi: 10.1186/s13054-021-03634-1 . 

32] Mustafa AK, Alexander PJ, Joshi DJ, Tabachnick DR, Cross CA, Pappas PS, et al.

Extracorporeal membrane oxygenation for patients with COVID-19 in severe respi-

ratory failure. JAMA Surg 2020;155(10):990–2. doi: 10.1001/jamasurg.2020.3950 . 

33] COVID-ICU Group on behalf of the REVA Network and the COVID-ICU Inves-

tigatorsClinical characteristics and day-90 outcomes of 4244 critically ill adults

with COVID-19: a prospective cohort study. Intensive Care Med 2021;47(1):60–73.

doi: 10.1007/s00134-020-06294-x . 

34] Lorusso R, Combes A, Lo Coco V, De Piero ME, Belohlavek J, et al., EuroECMO

COVID-19 WorkingGroup ECMO for COVID-19 patients in Europe and Israel. Inten-

sive Care Med 2021;47(3):344–8. doi: 10.1007/s00134-020-06272-3 . 

35] Horby P, Lim WS, Emberson JR, Mafham M, Bell JL, et al., RECOVERY Collabora-

tive Group Dexamethasone in hospitalized patients with COVID-19. N Engl J Med

2021;384(8):693–704. doi: 10.1056/NEJMoa2021436 . 

36] Gordon AC, Mouncey PR, Al-Beidh F, Rowan KM, Nichol AD, et al., REMAP-CAP

Investigators Interleukin-6 receptor antagonists in critically ill patients with COVID-

19. N Engl J Med 2021;384(16):1491–502. doi: 10.1056/NEJMoa2100433 . 

37] Perkins GD, Ji C, Connolly BA, Couper K, Lall R, Baillie JK, et al. Effect of nonin-

vasive respiratory strategies on intubation or mortality among patients with acute

hypoxemic respiratory failure and COVID-19: the RECOVERY-RS randomized clini-

cal trial. JAMA 2022;327(6):546–58. doi: 10.1001/jama.2022.0028 . 

38] Schmidt M, Langouet E, Hajage D, James SA, Chommeloux J, Bréchot N, et al.

Evolving outcomes of extracorporeal membrane oxygenation support for se-
7 
vere COVID-19 ARDS in Sorbonne hospitals, Paris. Crit Care 2021;25(1):355.

doi: 10.1186/s13054-021-03780-6 . 

39] Barbaro RP, MacLaren G, Boonstra PS, Combes A, Agerstrand C, Annich G,

et al. Extracorporeal membrane oxygenation for COVID-19: evolving outcomes

from the international extracorporeal life support organization registry. Lancet

2021;398(10307):1230–8. doi: 10.1016/S0140-6736(21)01960-7 . 

40] Karagiannidis C, Slutsky AS, Bein T, Windisch W, Weber-Carstens S, Brodie D.

Complete countrywide mortality in COVID patients receiving ECMO in Germany

throughout the first three waves of the pandemic. Crit Care 2021;25(1):413.

doi: 10.1186/s13054-021-03831-y . 

41] Riera J, Alcántara S, Bonilla C, Fortuna P, Blandino Ortiz A, Vaz A, et al. Risk factors

for mortality in patients with COVID-19 needing extracorporeal respiratory support.

Eur Respir J 2022;59(2):2102463. doi: 10.1183/13993003.02463-2021 . 

42] Lebreton G, Schmidt M, Ponnaiah M, Folliguet T, Para M, Guihaire J, et al. Extracor-

poreal membrane oxygenation network organisation and clinical outcomes during

the COVID-19 pandemic in greater Paris, France: a multicentre cohort study. Lancet

Respir Med 2021;9(8):851–62. doi: 10.1016/S2213-2600(21)00096-5 . 

43] Riera J, Roncon-Albuquerque R Jr, Fuset MP, Alcántara S, Blanco-Schweizer P.

Increased mortality in patients with COVID-19 receiving extracorporeal respi-

ratory support during the second wave of the pandemic. Intensive Care Med

2021;47(12):1490–3. doi: 10.1007/s00134-021-06517-9 . 

44] Whebell S, Zhang J, Lewis R, Berry M, Ledot S, Retter A, et al. Sur-

vival benefit of extracorporeal membrane oxygenation in severe COVID-19:

a multi-centre-matched cohort study. Intensive Care Med 2022;48(4):467–78.

doi: 10.1007/s00134-022-06645-w . 

45] Hajage D, Combes A, Guervilly C, Lebreton G, Mercat A, Pavot A, et al. Extracorpo-

real membrane oxygenation for severe acute respiratory distress syndrome associ-

ated with COVID-19: an emulated target trial analysis. Am J Respir Crit Care Med

2022;206(3):281–94. doi: 10.1164/rccm.202111-2495OC . 

46] Cruces P, Retamal J, Hurtado DE, Erranz B, Iturrieta P, González C, et al.

A physiological approach to understand the role of respiratory effort in the

progression of lung injury in SARS-CoV-2 infection. Crit Care 2020;24(1):494.

doi: 10.1186/s13054-020-03197-7 . 

47] Bast E, Tang F, Dahn J, Palacio A. Increased risk of hospitalisation and death

with the delta variant in the USA. Lancet Infect Dis 2021;21(12):1629–30.

doi: 10.1016/S1473-3099(21)00685-X . 

48] Luyt CE, Sahnoun T, Gautier M, Vidal P, Burrel S, Pineton de Chambrun M, et al.

Ventilator-associated pneumonia in patients with SARS-CoV-2-associated acute res-

piratory distress syndrome requiring ECMO: a retrospective cohort study. Ann In-

tensive Care 2020;10(1):158. doi: 10.1186/s13613-020-00775-4 . 

49] Verweij PE, Brüggemann RJM, Azoulay E, Bassetti M, Blot S, Buil JB,

et al. Taskforce report on the diagnosis and clinical management of COVID-

19 associated pulmonary aspergillosis. Intensive Care Med 2021;47(8):819–34.

doi: 10.1007/s00134-021-06449-4 . 

50] Koehler P, Bassetti M, Chakrabarti A, Chen SCA, Colombo AL, Hoenigl M, et al.

Defining and managing COVID-19-associated pulmonary aspergillosis: the 2020

ECMM/ISHAM consensus criteria for research and clinical guidance. Lancet Infect

Dis 2021;21(6):e149–62. doi: 10.1016/S1473-3099(20)30847-1 . 

51] Nunez JI, Gosling AF, O’Gara B, Kennedy KF, Rycus P, Abrams D, et al. Bleeding

and thrombotic events in adults supported with venovenous extracorporeal mem-

brane oxygenation: an ELSO registry analysis. Intensive Care Med 2022;48(2):213–

24. doi: 10.1007/s00134-021-06593-x . 

52] Mansour A, Flecher E, Schmidt M, Rozec B, Gouin-Thibault I, Esvan M, et al. Bleed-

ing and thrombotic events in patients with severe COVID-19 supported with extra-

corporeal membrane oxygenation: a nationwide cohort study. Intensive Care Med

2022;48(8):1039–52. doi: 10.1007/s00134-022-06794-y . 

53] Alhumaid S, Al Mutair A, Alghazal HA, Alhaddad AJ, Al-Helal H, Al Salman SA, et al.

Extracorporeal membrane oxygenation support for SARS-CoV-2: a multi-centered,

prospective, observational study in critically ill 92 patients in Saudi Arabia. Eur J

Med Res 2021;26(1):141. doi: 10.1186/s40001-021-00618-3 . 

54] Fanelli V, Giani M, Grasselli G, Mojoli F, Martucci G, Grazioli L, et al. Extracor-

poreal membrane oxygenation for COVID-19 and influenza H1N1 associated acute

respiratory distress syndrome: a multicenter retrospective cohort study. Crit Care

2022;26(1):34. doi: 10.1186/s13054-022-03906-4 . 

https://doi.org/10.1056/NEJM200005043421801
https://doi.org/10.1007/s00134-020-05991-x
https://doi.org/10.1016/S2213-2600(20)30079-5
https://doi.org/10.1001/jamainternmed.2020.0994
https://doi.org/10.1016/j.jcrc.2020.03.011
https://www.who.int/teams/health-care-readiness/covid-19
https://doi.org/10.1097/CCM.0000000000004363
https://doi.org/10.1097/MAT.0000000000001173
https://doi.org/10.1016/S2213-2600(20)30328-3
https://doi.org/10.1016/S0140-6736(20)32008-0
https://doi.org/10.1007/s00134-020-06331-9
https://doi.org/10.1186/s13054-021-03634-1
https://doi.org/10.1001/jamasurg.2020.3950
https://doi.org/10.1007/s00134-020-06294-x
https://doi.org/10.1007/s00134-020-06272-3
https://doi.org/10.1056/NEJMoa2021436
https://doi.org/10.1056/NEJMoa2100433
https://doi.org/10.1001/jama.2022.0028
https://doi.org/10.1186/s13054-021-03780-6
https://doi.org/10.1016/S0140-6736(21)01960-7
https://doi.org/10.1186/s13054-021-03831-y
https://doi.org/10.1183/13993003.02463-2021
https://doi.org/10.1016/S2213-2600(21)00096-5
https://doi.org/10.1007/s00134-021-06517-9
https://doi.org/10.1007/s00134-022-06645-w
https://doi.org/10.1164/rccm.202111-2495OC
https://doi.org/10.1186/s13054-020-03197-7
https://doi.org/10.1016/S1473-3099(21)00685-X
https://doi.org/10.1186/s13613-020-00775-4
https://doi.org/10.1007/s00134-021-06449-4
https://doi.org/10.1016/S1473-3099(20)30847-1
https://doi.org/10.1007/s00134-021-06593-x
https://doi.org/10.1007/s00134-022-06794-y
https://doi.org/10.1186/s40001-021-00618-3
https://doi.org/10.1186/s13054-022-03906-4

	Extracorporeal membrane oxygenation in COVID-19 associated acute respiratory distress syndrome: A narrative review
	Introduction
	History of ECMO in ARDS
	Contemporary evidence for VV-ECMO in ARDS Before the COVID-19 pandemic
	ECMO and the First Surge of COVID-19
	ECMO and sSubsequent Waves of COVID-19
	Specificity of COVID-19 in ECMO sSupport
	Conclusions
	Funding
	Conflicts of Interest
	References


