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KEY POINTS

� COVID-19-related ARDS has a similar clinical presentation, course, and outcome as
ARDS due to other risk factors.

� Ventilatory strategies and adjuvant therapies for COVID-19 should follow similar evidence-
based principles as for non-COVID-19 ARDS.

� Extracorporeal membrane oxygenation (ECMO) is an intervention used in patients with se-
vere ARDS that cannot achieve adequate gas exchange despite optimization of lung-
protective ventilation.

� Current evidence suggests that the efficacy, clinical outcomes, and complications of
ECMO in COVID-19-related ARDS are similar to non-COVID-19 ARDS.

� In this review, we summarize the rationale, evidence, and complications of venovenous
ECMO support in severe ARDS secondary to COVID-19.
INTRODUCTION

At the end of 2019 an outbreak of pneumonia caused by a novel severe acute respi-
ratory syndrome-coronavirus 2 (SARS-CoV-2) was discovered in the city of Wuhan,
China.1 Although most cases of COVID-19 present with mild symptoms including fe-
ver, cough, and myalgia, a substantial number of patients develop acute hypoxemic
respiratory failure and acute respiratory distress syndrome (ARDS).2,3 Resembling
other etiologies of ARDS, the treatment of severe presentations of COVID-19
frequently involves invasive mechanical ventilation and, in most severe cases, extra-
corporeal membrane oxygenation (ECMO).4
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ECMO constitutes a costly and resource-intense treatment of severe ARDS.5 In the
context of theCOVID-19 pandemic andwith an increasing number of patients requiring
admission to an intensive care unit (ICU) worldwide, the appropriateness of use of such
treatments as ECMO has been the focus of some discussions.6 This review describes
the role of venovenous (VV) ECMO in patients with COVID-19-related ARDS.
EXTRACORPOREAL MEMBRANE OXYGENATION FOR ACUTE RESPIRATORY
DISTRESS SYNDROME: RATIONALE AND HISTORY

ARDS is associated with high morbidity and mortality caused by direct or indirect
lung injury leading to multiorgan dysfunction.7,8 Mechanical ventilation remains the
cornerstone of support for this syndrome, with the main goal to unload the respira-
tory muscles, providing adequate gas exchange while the lungs recover from the
original insult.9 Although mechanical ventilation is a life-saving intervention, it can
also lead to ventilator-induced lung injury through different mechanisms.10 The
fundamental principle of lung-protective ventilation is to allow for adequate gas ex-
change while preventing ventilator-induced lung injury.11,12 In the most severe
cases, lung-protective ventilation alone may be insufficient to achieve such goals
and adjuvant strategies are needed. In this setting, ECMO can provide gas exchange
bypassing the lungs allowing for a reduction in the intensity of mechanical
ventilation.13

The most frequent configuration used in this context (VV-ECMO) consists of a
drainage cannula that withdraws deoxygenated blood from a central vein (eg, femoral
vein), a mechanical pump coupled with an oxygenator, and a return cannula that re-
stores oxygenated blood to the circulation through another central vein (eg, internal
jugular vein).13

ECMO is not a novel technology and its successful application in a setting of acute
respiratory failure was first described in the early 1970s. However, its use remained
restricted to neonatal and pediatric patients for decades.14,15 Following technological
advances, a new window of opportunity for ECMO in adults with acute respiratory fail-
ure opened during the influenza A (H1N1) pandemic in 2009. During this time, ECMO
was used in adults with severe ARDS as a salvage therapy.16 Despite increasing enthu-
siasm and use, it remained unclear whether it was associated with a survival benefit.17

Also in 2009, the Conventional Ventilatory Support Versus Extracorporeal Mem-
brane Oxygenation for Severe Adult Respiratory Failure (CESAR) trial compared the
efficacy, safety, and cost-effectiveness of standard of care in mechanical ventilation
with VV-ECMO.18 There was a significant increase in survival without disability in
the group randomized to referral for ECMO consideration. Importantly, only 70% of
the conventional treatment group received lung-protective ventilation in this pragmatic
trial. Furthermore, only 76% of the patients allocated to the ECMO group actually
received ECMO. The main conclusion of this trial was that referring patients to a center
of excellence capable of providing ECMO improved outcome, but it could not prove
that ECMO by itself was responsible for this.19

To help address this gap, the ECMO to Rescue Lung Injury in Severe ARDS (EOLIA)
trial randomized patients with severe ARDS to receive treatment with VV-ECMO or
conventional mechanical ventilation. The trial was stopped early for futility, with 60-
day mortality of 35% in the ECMO group and 46% in the control group.20 Although
this difference was not statistically significant, a number of secondary outcomes
and a post-hoc analyses favoured ECMO. In addition, a post hoc Bayesian analysis
concluded that the posterior probability of a mortality benefit with ECMO was high
even when using a strongly skeptical prior distribution.21 Finally, the benefit of VV-
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ECMO on mortality in patients with severe ARDS is supported by individual patient
data, study level, and network meta-analyses.12,22–24
COVID-19-RELATED ACUTE RESPIRATORY DISTRESS SYNDROME: IS IT REALLY
DIFFERENT?

The definition of ARDS encompasses clinical and radiologic criteria along with the
presence of typical risk factors for direct or indirect lung injury.25,26 Clinical and bio-
logic heterogeneity within ARDS is therefore implied and has been topic of extensive
research.27–30 Since the beginning of the pandemic, the overwhelming number of pa-
tients with COVID-19 admitted to ICUs around the globe allowed clinicians and re-
searchers to appreciate this clinical heterogeneity and in consequence, treatment
strategies based on different clinical features were suggested.31 As more data
emerged through the course of the pandemic, the characterization of COVID-19-
related ARDS as a distinct entity was challenged.
Indeed, the current body of clinical, physiologic, and pathologic data seems to sup-

port the notion that this disease, although exhibiting some heterogeneity, has common
features to ARDS secondary to other risk factors.32–34 Accordingly, it is reasonable to
apply the best evidence-based recommendations, particularly with respect to ventila-
tory strategies and adjutants to mechanical ventilation.32,34

Venovenous Extracorporeal Membrane Oxygenation in COVID-19-Related Acute
Respiratory Distress Syndrome: Old and New Challenges

The role of VV-ECMO as a strategy for severe ARDS in the context of the COVID-19
pandemic exhibits old and new challenges. Given the increasing number of patients
requiring ICU admission and ventilatory support, the role of ECMO was again brought
to the attention of clinicians and the public at the same time, leading to a detailed
description of patients’ trajectories.35–41 Furthermore, debate on whether ARDS sec-
ondary to COVID-19 is a different entity also led to questioning the role of VV-ECMO
support in this context, and whether the existing evidence could be applied. Finally,
increasing concerns about ICU capacity and strain led to discussions about the
appropriateness of ECMO as a highly technical intervention and to whether resources
should be directed toward this intervention.42,43

Extracorporeal Membrane Oxygenation in COVID-19-Related Acute Respiratory
Distress Syndrome: Clinical Outcomes

The literature surrounding the experience and outcomes of ECMO in patients with
COVID-19 has transitioned from mainly anecdotical reports to large single and multi-
center analyses (Table 1). At the beginning of the pandemic, preliminary reports from
China raised concerns highlighting increased mortality of COVID-19-related ARDS
when compared with ARDS secondary to other risk factors.6 The appropriateness
of using a treatment that requires a highly specialized and technical team and a higher
level of care at the bedside in the context of increased system strain was brought to
the center of discussion.6,44,45

In a pooled analysis, Henry and Lippi6 described that among 17 patients that
required ECMO early in the pandemic mortality was 94%. However, mortality in the
non-ECMO group was also considerably high, the sample was rather small, and
data regarding baseline characteristics were missing. Huang and colleagues46 found
similar results and suggested using ECMO only for younger patients without preexist-
ing diseases, but these data were also derived from a small case series. Thus, these



Table 1
Studies reporting outcomes in patients on ECMO for COVID-19 ARDS

Study Study Design
Sample Size
On ECMO (Total) Mean Age

Mean
PaO2/FiO2
Ratio

Included Patients and
Time Period Mortality (%)

Median
days on
ECMO Main Complications

Barbaro
et al,49

2020

Cohort study 1035 (1035) 49 72 Patients included in the
ELSO registry

From January 16th–May
1st 2020

37.4 14 Hemorrhagic
stroke 6%

Hemolysis 13%

Charlton
et al,
2020

Cohort study 34 (34) 46 86 Severe COVID-19 ARDS
Supported with ECMO
April 1st–May 31st 2020

47 13 Not reported

Cousin
et al,
2020

Cohort study 30 (30) 57 69 (n 5 27) Severe COVID-19 ARDS
Supported with ECMO

for at least 48 h
March 9th–May 6th

2020

53.3 11 Acute kidney
injury 50%

Deep venous
thrombosis 10%

Pulmonary
embolism 6.7%

Hemorrhagic
stroke 10%

Major bleeding 43%
Bloodstream

infection 13%

Falcoz
et al,47

2020

Cohort study 17 (17) 56 71 Adults meeting EOLIA
criteria

March 3rd–April 1st
2020

35 9 Thrombotic 29%
Bleeding 35%
VAP 59%
AKI 70%

Guihaire
et al,
2020

Cohort study 24 (24) 49 67 Severe COVID-19 ARDS
Supported with ECMO
March 23rd–May 5th

2020

29 19 Pulmonary
hemorrhage 17%

Pulmonary
embolism 25%

Hemorrhagic
stroke 4%
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Henry and
Lippi,6

2020

Review
(pooled
analysis)

17 (234) 56 Not
reported

Not reported ECMO: 94
in ECMO: 71
non-ECMO

Not
reported

Not reported

Jackel et al,
2020

Cohort study 15 (15) 61 64 Severe COVID-19 ARDS
or influenza A/B
infection

Supported with ECMO
October 2010 and June

2020

51.4 11 Renal-replacement
therapy 33%

Circuit change 33%

Jang et al,
2020

Cohort study 19 (19)
3 received

VA-ECMO

63 92 Severe COVID-19 ARDS
Supported with ECMO
February 1st–April 30th

2020

52.6 17 Not reported

Mustafa
et al,63

2020

Cohort study 40 (40) 48 69 Severe respiratory
failure caused by
COVID-19 March
17th–July 17th 2020

15 30 Not reported

Schmidt
et al,39

2020

Cohort study 83 (492) 49 60 Adults with COVID-19
ARDS supported with
VA or VV ECMO

March 17th–July 17th
2020

31 20 Hemolysis 13%
Pulmonary

embolism 19%
Massive

hemorrhage 42%
Hemorrhagic

stroke 5%
Oronasal

bleeding 24%
VAP 87%
Cannula

infection 23%

Shih et al,
2020

Cohort study 37 (37) 51 95 Severe COVID-19 ARDS
March 1st–June 28th

2020

43.2 17 VAP 19%
Bloodstream

infection 11%
Hemorrhagic

stroke 8%
Bleeding 32%
Circuit

malfunction 5%

(continued on next page)

E
xtra

co
rp
o
re
a
l
M
e
m
b
ra
n
e
O
xyg

e
n
a
tio

n
in

C
O
V
ID
-1
9

5
3
9



Table 1
(continued )

Study Study Design
Sample Size
On ECMO (Total) Mean Age

Mean
PaO2/FiO2
Ratio

Included Patients and
Time Period Mortality (%)

Median
days on
ECMO Main Complications

Takeda
et al,
2020

Cohort study 26 (26) 71 70 Severe COVID-19 ARDS
Supported with ECMO
February 15th–March

15th 2020

38.5 Not
reported

Not reported

Yang et al,
2020

Cohort study 21 (59) 58 60 Severe COVID-19 ARDS
January 8th–March 31st

2020

57.1 9 Catheter site
bleeding 9%

Hemorrhagic
stroke 4%

Renal-replacement
therapy 38%

VAP 28%

Zayat et al,
2020

Cohort study 17 (17) 57 <100 not
reported
as a mean

Severe COVID-19 ARDS
March 1st–April 20th

2020

47.1 Not
reported

Not reported

Zhang et al,
2020

Cohort study 43 (43) 46 67 Severe COVID-19 ARDS
Supported with ECMO
March 3rd–May 2nd

2020

32.6 13 Acute kidney
injury 50%

Deep venous
thrombosis 10%

Pulmonary
embolism 7%

Hemorrhagic
stroke 10%

Bleeding leading to
transfusion 43%

Bloodstream
infection 13%

T
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Akhtar et al,
2021

Cohort study 18 (18) 47 Not
reported

Severe COVID-19 ARDS
Supported with ECMO

22 17 Renal-replacement
therapy 56%

Thromboembolic
disease 56%

Hemorrhagic
stroke 11%

Gastrointestinal
bleeding 11%

Diaz et al,37

2021
Cohort study 94 (94) 48 87 Age �15 y

COVID-19 ARDS
Supported with ECMO
March 3rd–August 31st

2020

38.8 16 Pulmonary
embolism 2%

Hemorrhagic
stroke 13%

Pneumothorax 14%
Thromboembolic

disease 22%
Bleeding 39%
VAP 51%
Infection 71%

Lebreton
et al,40

2021

Cohort study 288 (302)
11 received
VA-ECMO and
3 VA-V-ECMO

52 61 Severe COVID-19 ARDS
Supported with ECMO
Admitted to any ICU in

greater Paris
March 8th–June 3rd

2020

54 14 Renal-replacement
therapy 43%

Pulmonary
embolism 18%

Hemorrhagic
stroke 12%

Pneumothorax 9%
Bleeding 43%
VAP 85%

Ramanathan
et al,55

2021

Systematic
review and
meta-analysis

1896 (1896) 51 (n 5 491) 68 Cohort study studies or
randomised clinical
trials examining
ECMO in adults with
COVID-19 ARDS
December 1st 2019–
January 10th 2020

35.7 (n 5 1737) 16 (n 5

1711)
Acute kidney

injury 35%
Mechanical 27%
Infectious 10%

(continued on next page)
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Table 1
(continued )

Study Study Design
Sample Size
On ECMO (Total) Mean Age

Mean
PaO2/FiO2
Ratio

Included Patients and
Time Period Mortality (%)

Median
days on
ECMO Main Complications

Rabie et al,
2021

Cohort study 307 (307) 45 60 Adult patients of 19
ECMO centers

March 1st–September
30th 2020

42 15 Infections 70%
Major bleeding 24%
Renal-replacement

therapy 32%
Pulmonary

embolism 5%

Riera et al,50

2021
Cohort study 319 (319) 53 76 Severe COVID-19 ARD

Supported with ECMO
1st wave 41.1
2nd wave 60.1

17 Pneumonia 50%
Acute kidney

injury 26%
Vascular

thrombosis 16%
Circuit clotting 37%
Hemorrhagic

shock 14%

Roedl et al,
2021

Cohort study 20 (223) Not
reported

Not
reported

Adults admitted to ICU
with COVID-19

February 1st– June 3rd
2020

65 Not
reported

Not reported
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Shaefi et al,51

2021
Target trial 130 (1297) 49 (ECMO)

58 (non-
ECMO)

80 (ECMO)
90 (non-

ECMO)

Diagnosis of COVID-19
Age �18 y
Admitted to an ICU

capable of offering
VV ECMO

PaO2/FiO2 <100 mm Hg
From March 1st–July 1st

2020

34.6
Non-ECMO: 47

16 AKI 22%
Pneumothorax 13%
Pulmonary

embolism 2%
Deep vein

thrombosis 18%
Hemorrhagic

stroke 4%
Systemic

bleeding 25%
Bacterial

pneumonia 35%

Search strategy:We performed a search in PubMed for articles published in English language between December 2019 and September 2021, using combinations of
the terms “COVID-19,” “Extracorporeal membrane oxygenation,” and “Acute respiratory distress syndrome.” We determined relevance based on content,
focusing on studies including at least 15 participants. We also manually retrieved articles from references. Finally, we also searched for relevant reports at the
ELSO registry Web site: www.elso.org.

Abbreviations: AKI, acute kidney injury; DVT, deep venous thrombosis; ELSO, Extracorporeal Life Support Organization; PaO2/FiO2, ratio of arterial oxygen partial
pressure to fractional inspired oxygen; PE, pulmonary embolism; VAP, ventilator-associated pneumonia.

E
xtra

co
rp
o
re
a
l
M
e
m
b
ra
n
e
O
xyg

e
n
a
tio

n
in

C
O
V
ID
-1
9

5
4
3

http://www.elso.org


Tisminetzky et al544
initial descriptions of ECMO for patients with severe COVID-19 were difficult to inter-
pret and to translate into meaningful clinical recommendations.
In contrast, a prospective cohort study that included 17 patients on ECMO because

of COVID-19 ARDS showed that 60-day mortality was significantly lower (35%) than
the previous reports.47 Schmidt and colleagues39 reported a retrospective cohort of
83 patients placed on ECMO for COVID-19 ARDS comparing their results with those
of the EOLIA trial. Despite having a greater severity of hypoxemia in their cohort, these
patients had a similar 90-day mortality.39 Based in part on these results, the Extracor-
poreal Life Support Organization advocated for the use of ECMO in specialized cen-
ters only.48,49

A retrospective cohort study that included 319 patients on ECMO from 24 ICUs in
Spain and Portugal reported similar results (mortality 35%). This study suggested a
significant higher mortality during the second wave, which may be explained by
patient-level (age, time on ventilator before cannulation) and center level characteris-
tics.40,50 Finally, a systematic review and meta-analysis of 1896 patients from 22
studies reported a pooled in-hospital mortality of 37%, similar to those from random-
ized trials and systematic reviews in patients without COVID-19.18,22,23

Although encouraging, none of these studies had a comparative non-ECMO control
group. Therefore, Shaefi and colleagues51 emulated a target trial comparing mechan-
ically ventilated patients with severe hypoxemia who received and those who did not
receive ECMO within 7 days of ICU admission. Patients with severe hypoxia who
received ECMO had a lower mortality compared with those who did not (35% vs
47%), similar estimates as observed in the EOLIA trial.20 Despite known limitations,
well-conducted observational research has an important role in understanding the ef-
ficacy of this intervention, given the lack of feasibility for another randomized trial.

Extracorporeal Membrane Oxygenation in COVID-19: Patient Selection

Patient selection for VV-ECMO in patients with COVID-19 should follow the same
guiding principles as for ARDS from other causes (Fig. 1).52 Before initiation of
ECMO is considered, referring centers should ensure conventional management
has been optimized, including lung-protective ventilation, adequate level of positive
end-expiratory pressure, prone positioning, and consideration of deep sedation/
neuromuscular paralysis. If all these strategies fail or when lung-protective ventilation
cannot be achieved (ie, a need for injurious ventilation), ECMO should be considered in
Patient Selection Criteria for ECMO Cons ideration 

Severity of Dis eas e Mechanical Ventilation 
Optimized 

Patient Related 
Characteris tics  

OOxygenation 
  

PaO2/FiO2 < 50 mmHg 
 for > 3  h

OR  

PaO2/FiO2 < 80 mmHg 
for > 6 h

Ventilation 

pH < 7.25  
+ 

PaCO2 ≥ 60 mmHg 
+ 

RR 35/min for > 6 h
 

FiO2 ≥ 80% 
PEEP ≥ 10 cmH2O 
VT ≤ 6ml/kg (PBW) 

Plateau Pres s ure ≤ 32 cmH2O 
Prone pos itioning 

Neuromus cular blockade 

Age ≤ 50 y
Abs ence of comorbidities  affecting s hort-term 

recovery 
Invas ive Mechanical Ventilation ≤ 7 d

Adequate vas cular acces s  
Abs ence of dis tributive Shock 

Low risk  of hemorrhagic complications  

Fig. 1. Patient selection criteria for VV-ECMO in patients with COVID-19 ARDS. FiO2, fraction
of inspired oxygen; PaCO2, arterial partial pressure of carbon dioxide; PaO2/FiO2 ratio of arte-
rial oxygen partial pressure to fractional inspired oxygen; PBW, predicted body weight;
PEEP, positive end-expiratory pressure; RR, respiratory rate; VT, tidal volume.
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the absence of factors associated with poor benefit, such as advanced age, comor-
bidities, multiorgan dysfunction, and prolonged duration of invasive mechanical venti-
lation.52,53 Although patient selection focuses on time from initiation of invasive
ventilation to ECMO cannulation, increasing awareness of time on noninvasive respi-
ratory support (eg, high-flow oxygen, noninvasive ventilation) before intubation is be-
ing raised as a potential predictor of outcome and a key parameter for adequate
patient selection.37

THE COURSE OF EXTRACORPOREAL MEMBRANE OXYGENATION SUPPORT IN
PATIENTS WITH COVID-19: PATIENT TRAJECTORIES

During the COVID-19 pandemic, many centers experienced increased demands for
ECMO, even in those with previous long-standing experience.39,40 This accentuated
the multiple clinical trajectories that exist among these patients once they are initially
placed on ECMO (Fig. 2). Certain patients exhibit lung recovery shortly after cannulation,
and liberation from ECMO is quickly and successfully achieved. This group meets the
foundational criteria and expectation when starting this treatment: ECMO as a bridge
to recovery. At the other end of the spectrum, certain patients undergo prolonged treat-
ment on ECMOwithout significant lung recovery, introducing unique clinical and ethical
challenges. For these patients, ECMO can still be a bridge to recovery, but other trajec-
tories are also possible, including discussions about lung transplantation candidacy or
transitioning to palliative care.54 Decision-making by patients and families/caregivers is
influenced by the spectrum of clinical trajectories. Given the prolonged time that certain
patients can be on ECMO (median time up to 30 days, see Table 1), this can also lead to
important challenges for decision-making by policy makers, particularly during a
pandemic where ICU beds and human resources are scarce.42

THE COURSE OF EXTRACORPOREAL MEMBRANE OXYGENATION SUPPORT IN
PATIENTS WITH COVID-19: COMPLICATIONS

During the course of ICU stay, patients on ECMO can suffer a range of complications,
which can be life-threatening. These are categorized as the typical complications
ECMO Cannula on 

Single organ failure 

Multiple organ failure 

Short ECMO run 

Prolonged ECMO run 

Prolonged ECMO run 

Clinical 
Outcomes  

CComplete lung recovery 

Partial lung Recovery 

     Rehabilitation 
     Lung Trans plantation 

Ventilator/ECMO dependance 

     Rehabilitation 
     Lung Trans plantation 

Palliation 

Death 

Favourable  
Outcome 

Unfavourable 
Outcome 

Short ECMO run 

Fig. 2. Clinical trajectories for patients on VV-ECMO with COVID-19. Patients on ECMO may
present single or multiple organ failure, which affects the duration of ECMO run and conse-
quently clinical outcomes. The spectrum of clinical outcomes varies from complete lung re-
covery to death.
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observed because of prolonged critical illness, ECMO-specific complications, and
those specific to COVID-19.
Acute renal failure with or without need for renal-replacement therapy was consis-

tently reported as one of the most frequent complications.40,50,55 Whether this is solely
related to the severity of COVID-19 infection or to ECMO support is unclear. Potential
mechanisms by which ECMO can contribute to kidney failure include hemolysis, sec-
ondary infections, and major bleeding.56

Major bleeding was frequently reported and often associated with worse outcome
in patients with COVID-19-related ARDS supported with ECMO.57 These complica-
tions are not usually associated with an identifiable coagulopathy and independent
of heparin use. Clinically important bleeding in the largest cohorts was reported in
35% to 43% of the patients, with frequent sources being oronasal, cannula-
related, and hemothorax.37,39,40,47 In a French study, major bleeding requiring trans-
fusions was significantly higher in patients that died but only 4% of the patients died
of hemorrhagic shock.40 A study conducted in Chile reported a surprisingly high rate
of intracranial hemorrhage (13%), doubling what was published in the COVID-19
Extracorporeal Life Support Organization report.37,49 This could be explained by
the lack of protocols to control relative changes in PaCO2 early after cannulation,
which was shown to be associated with an increased incidence of neurologic com-
plications.58 In face of these complications, recommendations for anticoagulation
strategies and target were highly variable during the pandemic.47,59 Indeed, the
optimal strategy for anticoagulation during ECMO remains one of the areas where
further research is warranted.
Thromboembolic complications have also been described in these patients,

including deep vein thrombosis, pulmonary embolism, or circuit thrombosis.60 Under-
lying mechanisms include endothelial dysfunction, platelet activation, and dissemi-
nated intravascular coagulation.61 This increased risk persists despite the use of
different degrees of anticoagulation.37,40,50

Infectious complications have been reported in up to 37% of patients receiving
ECMO for COVID-19.49 Ventilator-associated pneumonia was the most frequent
source, followed by bloodstream infections, and Staphylococcus aureus the most
commonly cultured organism.49,55 Optimization of antimicrobial therapy in the context
of extracorporeal life-support poses unique challenges because of the scarce litera-
ture describing pharmacokinetic and dosing requirements during ECMO.62 In the
occurrence of bloodstream infections, the optimal duration of therapy and the defini-
tion of adequate source control is complicated because ECMO cannulas could be
perceived as persistent infectious sources. Because one of the main reported causes
of death in this population is septic shock, identifying strategies to maximize source
control and appropriate treatments of infections is paramount.4
NOVEL TECHNIQUES AND VARIATIONS IN PRACTICE

The COVID-19 pandemic was also a unique opportunity to study novel approaches,
adjuvant treatments, and variations in practice. In this regard, alternative cannulation
techniques, the use of prone positioning, and anticoagulation-free runs of ECMO
require special attention.
Mustafa and colleagues63 retrospectively collected data from 40 patients with

COVID-19 ARDS supported on ECMO in two hospitals in Chicago. They used a
single-access, dual-stage right atrium-to-pulmonary-artery cannula, with drainage
of blood from the right atrium lumen (decreasing right-sided preload), and oxygenated
blood is returned into the pulmonary artery. Their strategy included a focus on earlier
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discontinuation of mechanical ventilation and rehabilitation. By the time of the publica-
tion, all patients were successfully weaned off invasive mechanical ventilation, 80%
had been decannulated, 73% had been discharged from hospital, and overall mortal-
ity was 15%.63 These results may be associated with early mobilization, reduced need
for sedation, and right ventricle support. The later might have been critical because
right ventricular dysfunction is a frequently reported cause of death in patients with
COVID-19 ARDS.64

The pandemic also raised awareness of the use of prone positioning, including
increased use in nonintubated patients and during VV-ECMO.65–68 In a report by
Schmidt and colleagues,39 prone positioning was used in up to 81% of patients on
VV ECMO and the authors suggested that this might have contributed to improve sur-
vival rates. Similar results were reported by Guervilly and colleagues,69 suggesting
prone positioning while on ECMO is associated with increased liberation from
ECMO and survival. Finally, a recent study reported that the rate of complications
was low (6%) and only 2% of proned patients needed to be supinated to resolve
the complication.70 Although this finding is reassuring, prone positioning during
ECMO should be performed in experienced centers.70

Titrating systemic anticoagulation to prevent clot formation while avoiding bleeding
complications is one of the main challenges of ECMO management. Because of the
scarce high-quality data, there is practice variation among centers particularly
regarding the best method to monitor anticoagulation and the need for antithrombin
supplementation.71 Furthermore, an international survey from 50 different countries
showed that up to 3% of the centers did not routinely prescribe anticoagulation for pa-
tients on VV ECMO.72 To investigate the feasibility and safety of this approach, Kuri-
hara and colleagues73 compared 38 patients that received systemic anticoagulation
with 36 patients that received thromboprophylaxis. The group of patients who
received systemic anticoagulation had higher rates of gastrointestinal bleeding,
received more blood transfusions, and had higher rates of oxygenator dysfunction.
Although done at a single center and with a small sample size, results were consistent
with previous reports.74 Given that hemorrhagic complications contribute to morbidity
and mortality associated to ECMO, an anticoagulation-free approach is appealing,
and could be an opportunity for future research.
SUMMARY AND FUTURE DIRECTIONS

Despite early reports suggesting COVID-19-related ARDS should warrant distinct man-
agement, current evidence suggests that similar management principles to non-COVID-
19 ARDS should be applied. These include lung-protective ventilation and the use of
adjuvant treatments when appropriate. Data from large cohorts and observational
studies emulating clinical trials suggest that the efficacy and outcomes of ECMO in
the context of severe COVID-19 is similar to ARDS because of other risk factors. The
spectrum of patients’ trajectories range from short ECMO runs with full lung recovery
to prolonged ECMO support with significant organ dysfunction. Typical complications,
such as bleeding and thromboembolic events, are frequent in patients who receive
treatment with ECMO, often presenting as life-threatening. Ongoing and future research
will help understand whether alternative approaches for ECMOcannulation, prone posi-
tioning, and variations in anticoagulation practices can improve the safety and efficacy
of this intervention. The ongoing pandemic poses a unique opportunity to improve the
understanding of the strengths and limitations of this resource-intensive intervention.
Finally, enhanced collaboration among centers locally, nationally, and internationally
is key for rapidly generating an important body of clinical evidence.
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CLINICS CARE POINTS

� COVID-19-related ARDS resembles ARDS caused by other risk factors in its clinical
presentation and outcomes.

� Evidence-based principles of lung-protective ventilation and adjuvant therapies, such as
ECMO, for the management of ARDS should be applied similarly for severe COVID-19.

� Emerging evidence in the field currently suggests that the role of ECMO in the management
of COVID-19-related ARDS is comparable with non-COVID-19 ARDS, and patient selection
should follow similar principles.

� Frequent complications of ECMO include acute kidney failure, major bleeding,
thromboembolic events, and secondary infections.

� The dramatically high number of patients requiring ECMO worldwide for COVID-19 ARDS
poses an opportunity to study variations in practice, such as different cannulation
techniques, prone positioning, and alternatives in the use of anticoagulation.
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