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Abstract

Background: Adaptive mutations of the severe acute respiratory syndrome‐related

coronavirus (SARS‐CoV‐2) virus have emerged throughout the coronavirus disease

2019 (COVID‐19) pandemic. The characterization of outcomes in patients requiring

extracorporeal membrane oxygenation (ECMO) for severe respiratory distress from

COVID‐19 during the peak prevalence of different variants is not well known.

Methods: There were 131 patients with laboratory‐confirmed SARS‐CoV‐2 infection

supported by ECMO at two referral centers within a large healthcare system. Three

predominant variant phase time windows (Pre‐Alpha, Alpha, and Delta) were determined

by a change‐point analyzer based on random population sampling and viral genome

sequencing. Patient demographics and outcomes were compared.

Results: The average age of patients was 46.9 ± 10.5 years and 70.2% (92/131) were

male. Patients cannulated for ECMO during the Delta variant wave were younger

compared to earlier Pre‐Alpha (39.3 ± 7.8 vs. 48.0 ± 11.1 years) and Alpha phases

(39.3 ± 7.8 vs. 47.2 ± 7.7 years) (p < .01). The predominantly affected race in the Pre‐

Alpha phase was Hispanic (52.2%; 47/90), while in Alpha (61.5%; 16/26) and Delta

(40%; 6/15) variant waves, most patients were White (p < .01). Most patients

received a tracheostomy (82.4%; 108/131) with a trend toward early intervention in

later phases compared to Pre‐Alpha (p < .01). There was no significant difference

between the duration of ECMO, mechanical support, intensive care unit (ICU) length

of stay (LOS), or hospital LOS over the three variant phases. The in‐hospital mortality

was overall 41.5% (54/131) and was also similar. Six‐month survival of patients who

survived to discharge was 92.2% (71/77).

Conclusions: There was no significant difference in survival or time on ECMO

support in patients during the peak prevalence of the three variants.
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1 | BACKGROUND

The global effect of coronavirus disease 2019 (COVID‐19) has

continued to evolve as adaptive mutations in the severe acute

respiratory syndrome‐related coronavirus (SARS‐CoV‐2) virus

genome emerges. These mutations could alter the pathogenicity of

the disease and creates challenges in the development of vaccines

and drugs. Four major variants of SARS‐CoV‐2 have been designated

by the World Health Organization (WHO) as variants of concern:

Alpha, Beta, Gamma, and Delta.1,2 A recent meta‐analysis found that

Beta and Delta variants are associated with a higher risk of

hospitalization, ICU admission, and mortality, with the Delta variant

having the highest relative risk of severe illness and mortality.3 The

use of extracorporeal membrane oxygenation (ECMO) for patients

with severe acute respiratory distress syndrome (ARDS) from

COVID‐19 who have failed conventional mechanical ventilatory

strategies has been described in multiple studies throughout the

course of the pandemic.4–11 Besides limited reports in Europe that

have described conflicting trends of patient outcomes on ECMO for

COVID‐19 ARDS over the course of the pandemic,12–14 little is

known about the characteristics or trends between the eras of SARS‐

CoV‐2 variants at their peak prevalence in the United States. The

goal of this study is to describe the outcomes of patients who were

placed on ECMO for severe COVID‐19 during different variants

phases within a single healthcare system.

2 | METHODS

2.1 | Study design

We conducted a retrospective analysis of 131 patients with

laboratory‐confirmed COVID‐19, all of whom were placed on

ECMO between April 2020 to November 2021 at two referral

centers within a single healthcare system for severe respiratory

failure refractory to conventional mechanical ventilatory strate-

gies. Patients still on ECMO at the time of this study were

excluded. Patients were further categorized into three predomi-

nant variant phases (Pre‐Alpha, Alpha, and Delta) based on the

date of their first positive COVID‐19 test. For the purposes of this

study, Pre‐Alpha will be defined as viral lineages that were not

classified by the WHO as a distinct variant of interest or concern.

Alpha is defined as the B.1.1.7 variant and Delta as the B.1.617.2

variant.2 Variant wave time windows were determined by a

change‐point analyzer based on random population sampling and

COVID‐19 sequencing predominantly in the central Texas area

within the Baylor Scott & White System. Besides the aforemen-

tioned three predominant phases, other minor variants of interest

or concern were present in small proportions as represented in the

Supporting Information: Figure. The study was approved by the

Institutional Review Board and the requirement for informed

consent was waived due to the retrospective nature of this study.

2.2 | Patient management

Critical care and daily ECMO were managed by the treatment team at

each center. Multidisciplinary team management included medical

and surgical intensivists, cardiothoracic surgeons, ECMO specialists,

infectious disease specialists, nephrologists, and other consultants as

indicated. The clinical indications for ECMO, ECMO settings, and

weaning strategies were guided by a system‐wide ECMO protocol

established by the Baylor Scott & White ECMO Governance

Council.10

2.3 | Outcome measures

The primary endpoints were in‐hospital mortality at the ECMO

facility and duration of ECMO support. Secondary outcomes

included death after withdrawal of care on ECMO, successful

ECMO decannulation, rate of recannulation, rate of tracheos-

tomy, duration of time from ECMO to tracheostomy, length of

extracorporeal life support (ECLS), duration of mechanical

ventilatory support, length of stay (LOS) in the intensive care

unit (ICU), length of stay at ECMO referral center, discharge

disposition, postdischarge survival, rates of in‐hospital complica-

tions, secondary infections, and concurrent ECMO and COVID

treatment therapies.

Death after decannulation and the percentage of patients

requiring recannulation were calculated from the number of

patients who underwent ECMO decannulation. Total continuous

ventilatory days, ICU LOS, and total LOS were determined from

patients who survived to discharge. The length of ECLS in patients

who required recannulation was calculated from the total additive

length of time they were on ECMO. Bleeding was defined as new

acute blood loss anemia requiring transfusion. Postdischarge

survival was determined by a review of hospital medical records

and systematic obituary searches using a previously validated

protocol.15

2.4 | Statistical analysis

Continuous variables were presented as the mean ± standard

deviation (SD) or median with interquartile range (IQR) as

appropriate, and categorical variables as proportions, unless

otherwise specified. Depending on the type of data, Student's t

test, unequal variance t test, Mann–Whitney U test, Fisher's exact

test, or χ2 test were used. Kaplan–Meier analysis was used with

the log‐rank test to determine differences in survival rate

between the two groups. A p value of less than .05 was

considered statistically significant, and no adjustments were

made for multiple comparisons. All statistical analyses were

performed using SAS (Statistical Analysis System Institute,

Cary, NC).
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3 | RESULTS

3.1 | Patients

Between April 2020 and October 2021, there were 131 patients

placed on ECMO for COVID‐19 ARDS. Based on sequencing

patterns, the three variant phases were defined as: Pre‐Alpha

(before March 14, 2021; n = 90), Alpha (March 15, 2021 to July 4,

2021; n = 26), and Delta (July 5, 2021 to November 17, 2021);

n = 15) (Supporting Information: Figure). The baseline demo-

graphics and comorbidities of patients are characterized in

Table 1. The average age of the entire cohort was 46.9 ± 10.5

years and predominantly male (70.2%; 92/131). However, patients

cannulated for ECMO during the Delta variant phase were

significantly younger compared to earlier Pre‐Alpha (39.3 ± 7.8

vs. 48.0 ± 11.1 years) and Alpha phases (39.3 ± 7.8 vs. 47.2 ± 7.7

years) (p = .01). The predominantly affected race in the Pre‐Alpha

phase was Hispanic (52.2%; 47/90), while in Alpha (61.5%; 16/26)

and Delta (40%; 6/15), most patients were White (p < .01). In all

variant phases, most patients were obese (body mass index [BMI]

35.5 ± 8.4 kg/m2) and the most common comorbidity was hyper-

tension (36.6%; 48/131).

3.2 | Pre‐ECMO characteristics

The median duration of time from reported onset of symptoms

was 6 (IQR: 6) days to hospitalization, 10 (IQR: 11) days to

intubation, and 16 (IQR: 14) days to ECMO cannulation.

These values were similar across all variant phases. There were

82.4% (108/131) patients who were paralyzed and 62.6% (82/

131) who were proned before ECMO initiation. The average

arterial oxygen partial pressure to fractional inspired oxygen (P/F)

ratio was 90.0 ± 38.7 Most patients were cannulated with

venovenous ECMO (96.2%; 126/131) (Supporting Information:

Table 1).

TABLE 1 Demographics and baseline comorbidities of patients with COVID‐19 ARDS undergoing ECMO therapy

All (n = 131) Pre‐Alpha (n = 90) Alpha (n = 26) Delta (n = 15) p Value

Age 46.86 ± 10.50 48.02 ± 11.12 47.23 ± 7.71 39.26 ± 7.84 .01

Gender

Male 92 (70.23%) 64 (71.11%) 18 (69.23%) 10 (66.67%) .93

Race .00

White 47 (35.88%) 25 (27.78%) 16 (61.54%) 6 (40.00%)

Black 21 (16.03%) 16 (17.78%) 1 (3.85%) 4 (26.67%)

Hispanic 58 (44.27%) 47 (52.22%) 9 (34.62%) 2 (13.33%)

Asian 1 (0.76%) 0 (0.00%) 0 (0.00%) 1 (6.67%)

Middle Eastern/North African 0 0 (0.00%) 0 (0.00%) 0 (0.00%)

Native Pacific Islander 1 0.76%) 1 (1.11%) 0 (0.00%) 0 (0.00%)

Other 1 (1.11%) 0 (0.00%) 0 (0.00%)

Unknown 0 (0.00%) 0 (0.00%) 2 (13.33%)

BMI 35.52 ± 8.44 35.22 ± 8.29 36.78 ± 10.03 35.08 ± 6.38 .70

HTN 48 (36.64%) 35 (38.89%) 9 (34.62%) 4 (26.67%) .64

Diabetes 35 (26.72%) 29 (32.22%) 5 (19.23%) 1 (6.67%) .07

HLD 26 (19.85%) 18 (20.00%) 5 (19.23%) 3 (20.00%) 1.00

COPD 3 (2.29%) 3 (3.33%) 0 (0.00%) 0 (0.00%) .72

Coronary artery disease 6 (4.58%) 6 (6.67%) 0 (0.00%) 0 (0.00%) .33

Active smoker 5 (3.82%) 2 (2.22%) 2 (7.69%) 1 (6.67%) .37

Cancer 6 (4.58%) 6 (6.67%) 0 (0.00%) 0 (0.00%) .33

Immunosuppression 7 (5.34%) 7 (7.78%) 0 (0.00%) 0 (0.00%) .18

Renal failure 3 (2.29%) 3 (3.33%) 0 (0.00%) 0 (0.00%) .72

Note: Continuous variables are expressed either as mean ± standard deviation.

Abbreviations: ARDS, acute respiratory distress syndrome; BMI, body mass index; COPD, chronic obstructive pulmonary disease; COVID‐19, coronavirus
disease 2019; ECMO, extracorporeal membrane oxygenation; HLD, hyperlipidemia; HTN, hypertension.
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3.3 | Concurrent therapies and complications
on ECMO

While on ECMO for COVID‐19, 48.1% (63/131) patients required

continuous renal replacement therapy and 24.4% (32/131) required

chest tube placement. While most patients were still being treated

with Remdesevir in all three variant phases, there was a trend toward

decreased use of convalescent plasma (Pre‐Alpha 43.3%; Alpha

15.4%; Delta 6.7%; p < .01). There was no difference in stroke, new‐

onset renal failure, hemorrhagic complications, secondary infections,

or ECMO complications between the three phases (Supporting

Information: Table 2).

3.4 | Outcomes

The in‐hospital mortality was overall 41.5% (54/131) and similar

between all three variant phases. Six‐month survival of patients who

were discharged alive to the last follow‐up was 92.2% (71/77)

(Figure 1). This was similar between all three groups (Figure 2). Life

supporting therapies including ECMO were withdrawn from 36.6%

(48/131) of patients due to the futility of care. The remaining 63.4%

(83/131) of patients were decannulated; however, 9.6% (8/83) of

these patients required recannulation. There were 12 patients who

did not survive after being decannulated from ECMO (14.5%; 12/83).

In all phases, most patients required tracheostomy (82.4%; 108/131);

however, there was a trend toward a shorter duration of time from

ECMO to tracheostomy in the more recent Alpha and Delta phases

compared to the earliest Pre‐Alpha phase (Pre‐Alpha 8.5 ± 9.6 vs.

Alpha 1.9 ± 3.1 vs. Delta 2.6 ± 2.5 days; p < .01). There was no

significant difference between the duration of ECLS, mechanical

support, ICU LOS, or hospital LOS over the three variant phases

(Table 2). Of the patients discharged alive, 62.3% (48/77) were

discharged to a long‐term assisted care, rehabilitation, or skilled

nursing facility, 16.9% (13/77) were transferred back to their

referring hospital for continued ventilatory weaning and care, and

20.8% (16/77) were discharged home from the ECMO referral

center. Overall, the average length of time when patients were first

admitted to a hospital to their arrival home was 111.4 ± 105.8 days.

4 | COMMENT

Two years ago, our center published its early ECMO experience in

the COVID‐19 ARDS patient population.10 The pandemic has

continued to progress with the evolution of adaptive mutations in

the SARS‐CoV‐2 virus. This study serves as an update to our previous

report and contributes to the growing body of evidence in this

specific indication for ECMO. We present the outcomes of patients

with severe COVID‐19 ARDS requiring ECMO support during time

frames of different variants of SARS‐CoV‐2 at their peak prevalence.

There was no significant difference in duration of ECLS or in‐hospital

mortality within the Pre‐Alpha, Alpha, and Delta variant waves;

however, patients placed on ECMO were younger in the more recent

phases and were more likely to be of White ethnicity. The most

recent emergence of the Omicron variant is a sobering reminder of

the continued challenges we face with the pandemic. Therefore, the

continued evaluation of COVID‐19 outcomes remains relevant.

During the initial phase of the pandemic, the genomic diversity

of SARS‐CoV‐2 was reportedly low.16 In December of 2020, the

alpha variant was first detected in the United Kingdom.17

Preliminary data suggested that this variant was more transmissi-

ble than previous variants.18,19 Studies describing the clinical

severity of the alpha variant have been inconsistent. A large,

matched cohort study using community data in Europe found that

the alpha variant was associated with an increased risk of death

F IGURE 1 Kaplan–Meier curve survival of all
coronavirus disease 2019 patients who
underwent extracorporeal membrane
oxygenation and survived to discharge.
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with a hazard ratio between 1.32 and 2.04.20 A smaller retrospec-

tive study at a single site hospital similarly demonstrated a

significantly higher risk of death or transfer to the ICU.21 Another

multicenter study showed that while the alpha variant was more

transmissible, there was no increased disease severity.19 There

have been no studies to the authors' knowledge that have

examined the specific outcomes of patients with severe ARDS

from the alpha variant of COVID‐19 requiring ECMO therapy. Our

study did not demonstrate a significant difference in duration of

ECLS and in‐hospital mortality during the peak prevalence of the

alpha variant within our regional healthcare system compared to

the other two variants.

F IGURE 2 Kaplan–Meier survival curve
differentiated by variant phases in patients who
tested positive for coronavirus disease 2019 and
survived to discharge after extracorporeal
membrane oxygenation cannulation.

TABLE 2 Outcomes of patients on ECMO therapy

All (n = 131) Pre‐Alpha (n = 90) Alpha (n = 26) Delta (n = 15) p Value

Decannulated from ECMO 83 (63.36) 58 (64.44) 16 (61.54) 9 (60.00) .93

Withdrawn from ECMO 48 (36.64) 32 (35.56) 10 (38.46) 6 (40.00) .93

Required recannulation 8 (9.64) 7 (12.07) 0 (0) 1 (11.11) .37

Death after decannulation 12 (14.46) 10 (17.24) 2 (12.5) 0 (0) .52

Tracheostomy 108 (82.44) 72 (80.00) 23 (88.46) 13 (87.67) .57

Time from ECMO to tracheostomy (days) 2.5 [6] 4 [12.5] 1 [1] 2 [2] <.01

Duration of ECLS 22.5 [36] 25 [32] 19 [47] 7 [39] .19

Duration of mechanical ventilatory support 36 [41] 39 [38] 30 [30] 25 [41] .05

In‐hospital mortality 54 (41.54%) 36 (40.00%) 12 (46.15%) 6 (42.86%) .89

Length of stay in ICU 41 [41] 41 [42] 43 [58] 27 [30] .05

Length of stay at ECMO referral center 22.5 [36] 25 [32] 19 [47] 7 [39] .19

Discharge disposition .27

Home 16 (20.78) 12 (22.22) 2 (14.29) 2 (22.00)

Rehabilitation facility 9 (11.69) 8 (14.82) 1 (7.14) 0 (0)

LTAC 36 (46.75) 23 (42.59) 8 (57.14) 5 (56.00)

SNF 3 (3.90) 1 (1.85) 0 (0) 2 (22.00)

Transferred to referring hospital 13 (16.88) 10 (18.52) 3 (21.43) 0 (0)

Note: Continuous variables are expressed either as median [interquartile range] or mean ± standard deviation.

Abbreviations: ECLS, extracorporeal life support; ECMO, extracorporeal membrane oxygenation; ICU, intensive care unit; LTAC, long‐term assisted care;

SNF, skilled nursing facility.
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The delta variant was designated a variant of concern by the

WHO in May 2021.17 Studies characterizing the clinical implications

of this variant remain sparse. A large cohort study from a national

database in England showed that compared to alpha, the delta variant

was associated with an increased relative risk of hospitalization

compared to the alpha variant.22 Another study based on national

surveillance data in Singapore similarly found that the delta variant

was associated with increased severity of COVID‐19 infection and

higher viral load.23 In our cohort, there was again no difference

between outcomes of patients who underwent ECMO therapy for

COVID‐19 during the peak prevalence of the delta variant compared

to others. However, patients who were cannulated for ECMO during

this time were significantly younger compared to previous variant

phases.

Several studies globally have reported the progression of

outcomes in ECMO patients from COVID‐19 throughout the

pandemic. Data from the EuroECMO survey demonstrated increasing

mortality with decreased weaning and survival in the second wave of

the pandemic.13 Similarly, an observational study in France demon-

strated longer periods of noninvasive ventilation and worse pulmo-

nary status before ECMO implantation.14 In Germany, the overall

hospital mortality also increased throughout the course of the

pandemic.12 A recent report published by the Extracorporeal Life

Support Organization Registry (ELSO) found that in‐hospital mortality

90 days after ECMO initiation for COVID‐19 after May 1, 2020 was

52% compared to 37% before that date.24 This corresponds in our

data set to the midpoint of the alpha variant phase; however, the in‐

hospital mortality of our patient cohort was not statistically different

between the three variant phases. The overall in‐hospital mortality in

our cohort of patients was 41%, which remains relatively consistent

with our previous study.10,11 With the growing body of literature,

reported survival among different centers is highly variable.4–9 The

ELSO report further showed that mortality approached 60% in late‐

adopting centers with less experience. A large multicenter study

addressing ECMO center experience in the pediatric population

demonstrated that ECMO therapy at centers with high case volumes

was associated with improved patient survival.25 This is not entirely

surprising, given the fact that ECMO is a resource‐intense therapy

requiring interdisciplinary team training on intensive care and clinical

management, as well as the eligibility criteria.26,27 As the pandemic

progresses, utilization of centers of experience to optimize outcomes

for patients while providing adequate training and guidance for

building up newer ECMO programs to improve access to therapy is

imperative.

Studies evaluating the long‐term quality of life outcomes of

patients who have recovered from ECMO‐supported COVID‐19

should be pursued.28 Reports on non‐ECMO patients hospitalized for

COVID‐19 have shown that a significant proportion of patients

remained symptomatic with fatigue, muscle weakness, difficulty

sleeping, and psychiatric disturbances as well as physically compro-

mised at 6 months after discharge.29 Furthermore, multiple studies

have demonstrated a decline in healthcare‐related quality of life

between 12 months to 3 years after decannulation from VV‐ECMO

for any reason.30–32 Our study shows that across all time points in

the pandemic, the majority of patients were either discharged from

the ECMO facility to an assisted facility or back to the referring

hospital for ongoing ventilatory weaning and rehabilitation. On

average, the duration of time from initial hospital admission for

COVID‐19 to when patients were able to return home was around 3

months. This reinforces the magnitude of debilitation and length of

recovery patients with severe ARDS from COVID‐19 face if they

survive the acute phase. Moreover, most patients in our cohort

underwent tracheostomy. Duration from initiation of ECMO to

tracheostomy significantly decreased over the course of the

pandemic, which agrees with other groups who advocate for an

early tracheostomy to decrease sedation requirements and improve

pulmonary toilet in anticipation of the prolonged disease process.9,33

4.1 | Limitations

This study is subject to all limitations inherent to any retrospective

observational study. In addition, our study is limited to a single

healthcare system, so the generalizability of this data is unknown. As

the pandemic progressed, the management of COVID‐19 has

evolved. Importantly, the cohort size within the three variant phases

is variable, with this study being performed at the tail end of the delta

wave. There are significantly fewer patients in the alpha and delta

wave with significant variances in outcomes making it difficult to

conclude that the results are not influenced by the small sample size.

Several patients in our system who were cannulated during the delta

predominant phase remained on ECMO and were excluded from this

study. Further studies at later time points will be needed to capture

complete data throughout the entire time period of delta variant

predominance as well as extend the surveillance period into the

predominant Omicron phase. Finally, the viral strain of SARS‐CoV‐2

that patients were affected by is not exactly known as genomic

testing was not performed on all patients included in our cohort.

Rather, our study is based on the likelihood of patients being affected

by a particular strain based on the correlation of their first positive

COVID‐19 test to the most prevalent viral lineage at the time based

on random population sampling.

5 | CONCLUSION

This report presents the outcomes of COVID‐19 patients on

ECMO from a large healthcare system with multiple ECMO referral

centers throughout the different variant predominant phases of

the pandemic. Our data did not identify significantly different

survival or duration of ECLS throughout the three predominant

variant phases within this region. However, there was a trend

toward younger patients of White ethnicity as the pandemic

progressed. Further studies are necessary to reinforce or refute

our findings and better characterize outcomes between different

variants.

6 | SHIH ET AL.



ACKNOWLEDGMENTS

Data acquisition and effort of Emily Shih were supported by a

philanthropic gift from Satish and Yasmin Gupta to Baylor Scott &

White The Heart Hospital, Plano.

CONFLICT OF INTEREST

The authors declare no conflict of interest.

ORCID

Emily Shih http://orcid.org/0000-0002-2426-513X

REFERENCES

1. Giovanetti M, Benedetti F, Campisi G, et al. Evolution patterns of
SARS‐CoV‐2: snapshot on its genome variants. Biochem Biophys Res

Commun. 2021;538:88‐91.
2. Tracking SARS‐COV‐2 variants. World Health Organization. January

4, 2022. Accessed January 7, 2022. https://www.who.int/en/
activities/tracking‐SARS‐CoV‐2‐variants/

3. Lin L, Liu Y, Tang X, He D. The disease severity and clinical outcomes
of the SARS‐CoV‐2 variants of concern. Front Public Health. 2021;9:

775224.
4. Mustafa AK, Alexander PJ, Joshi DJ, et al. Extracorporeal membrane

oxygenation for patients with COVID‐19 in severe respiratory
failure. JAMA Surg. 2020;155(10):990‐992.

5. Jacobs JP, Stammers AH, St Louis, J, et al. Extracorporeal membrane
oxygenation in the treatment of severe pulmonary and cardiac
compromise in coronavirus disease 2019: experience with 32
patients. ASAIO J. 2020;66(7):722‐730.

6. Sromicki J, Schmiady M, Maisano F, Mestres CA. ECMO therapy in

COVID‐19: an experience from Zurich. J Card Surg. 2021;36(5):
1707‐1712.

7. Barbaro RP, MacLaren G, Boonstra PS, et al. Extracorporeal
membrane oxygenation support in COVID‐19: an international
cohort study of the Extracorporeal Life Support Organization

Registry. Lancet. 2020;396(10257):1071‐1078.
8. Schmidt M, Hajage D, Lebreton G, et al. Extracorporeal membrane

oxygenation for severe acute respiratory distress syndrome associ-
ated with COVID‐19: a retrospective cohort study. Lancet Respir

Med. 2020;8(11):1121‐1131.
9. Kon ZN, Smith DE, Chang SH, et al. Extracorporeal membrane

oxygenation support in severe COVID‐19. Ann Thorac Surg. 2021;
111(2):537‐543.

10. Shih E, DiMaio JM, Squiers JJ, 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):1071‐1079.e3.

11. Shih E, DiMaio JM, Squiers JJ, et al. Treatment of acute respiratory

distress syndrome from COVID‐19 with extracorporeal membrane
oxygenation in obstetrical patients. Am J Obstet Gynecol MFM. 2021;
4(2):100537.

12. 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.

13. Broman LM, Eksborg S, Lo Coco V, et al. Extracorporeal membrane
oxygenation for COVID‐19 during first and second waves. Lancet.
Respir Med. 2021;9(8):e80‐e81.

14. Dognon N, Gaudet A, Parmentier‐Decrucq E, et al. Extracorporeal
membrane oxygenation for COVID 2019‐acute respiratory distress
syndrome: comparison between first and second waves (Stage 2).
J Clin Med. 2021;10(21):4839.

15. Wooley J, Neatherlin H, Mahoney C, et al. Description of a method
to obtain complete one‐year follow‐up in the Society of Thoracic
Surgeons/American College of Cardiology Transcatheter Valve
Therapy Registry. Am J Cardiol. 2018;121(6):758‐761.

16. Fauver JR, Petrone ME, Hodcroft EB, et al. Coast‐to‐coast spread of
SARS‐CoV‐2 during the early epidemic in the United States. Cell.
2020;181(5):990‐996.e5.

17. Walensky RP, Walke HT, Fauci AS. SARS‐CoV‐2 variants of concern
in the United States—challenges and opportunities. JAMA. 2021;

325(11):1037‐1038.
18. Eurosurveillance Editorial Team. Updated rapid risk assessment from

ECDC on the risk related to the spread of new SARS‐CoV‐2 variants of
concern in the EU/EEA—first update. Euro Surveill. 2021;26(3):2101211.

19. Frampton D, Rampling T, Cross A, et al. Genomic characteristics and

clinical effect of the emergent SARS‐CoV‐2 B.1.1.7 lineage in
London, UK: a whole‐genome sequencing and hospital‐based cohort
study. Lancet Infect Dis. 2021;21(9):1246‐1256.

20. Challen R, Brooks‐Pollock E, Read JM, Dyson L, Tsaneva‐Atanasova
K, Danon L. Risk of mortality in patients infected with SARS‐CoV‐2
variant of concern 202012/1: matched cohort study. BMJ. 2021;
372:n579.

21. Vassallo M, Manni S, Klotz C, et al. Patients Admitted for variant
alpha COVID‐19 have poorer outcomes than those infected with the

old strain. J Clin Med. 2021;10(16):3550.
22. Twohig KA, Nyberg T, Zaidi A, et al. Hospital admission and

emergency care attendance risk for SARS‐CoV‐2 delta (B.1.617.2)
compared with alpha (B.1.1.7) variants of concern: a cohort study.
Lancet Infect Dis. 2022;22(1):35‐42.

23. Ong SWX, Chiew CJ, Ang LW, et al. Clinical and virological features
of SARS‐CoV‐2 variants of concern: a retrospective cohort study
comparing B.1.1.7 (Alpha), B.1.315 (Beta), and B.1.617.2 (Delta). Clin
Infect Dis. 2021:ciab721.

24. Barbaro RP, MacLaren G, Boonstra PS, et al. Extracorporeal

membrane oxygenation for COVID‐19: evolving outcomes from
the international Extracorporeal Life Support Organization Registry.
Lancet. 2021;398(10307):1230‐1238.

25. Karamlou T, Vafaeezadeh M, Parrish AM, et al. Increased extra-
corporeal membrane oxygenation center case volume is associated

with improved extracorporeal membrane oxygenation survival
among pediatric patients. J Thorac Cardiovasc Surg. 2013;145:
470‐475.

26. Ramanathan K, Antognini D, Combes A, et al. Planning and provision

of ECMO services for severe ARDS during the COVID‐19 pandemic
and other outbreaks of emerging infectious diseases. Lancet Respir
Med. 2020;8(5):518‐526.

27. Qiu H, Tong Z, Ma P, et al. Intensive care during the coronavirus
epidemic. Intensive Care Med. 2020;46(4):576‐578.

28. Ortoleva J, Dalia AA. Long‐term outcomes are important: extra-
corporeal membrane oxygenation for COVID‐19. J Cardiothorac

Vasc Anesth. 2021;35(7):2007‐2008.
29. Huang C, Huang L, Wang Y, et al. 6‐month consequences of COVID‐

19 in patients discharged from hospital: a cohort study. Lancet.

2021;397(10270):220‐232.
30. O'Brien SG, Carton EG, Fealy GM. Long‐term health‐related quality

of life after venovenous extracorporeal membrane oxygenation.
ASAIO J. 2020;66(5):580‐585.

31. Sanfilippo F, Ippolito M, Santonocito C, et al. Long‐term functional

and psychological recovery in a population of acute respiratory
distress syndrome patients treated with VV‐ECMO and in their
caregivers. Minerva Anestesiol. 2019;85(9):971‐980.

32. Wang ZY, Li T, Wang CT, Xu L, Gao XJ. Assessment of 1‐year
outcomes in survivors of severe acute respiratory distress syndrome
receiving extracorporeal membrane oxygenation or mechanical
ventilation: a prospective observational study. Chin Med J. 2017;
130(10):1161‐1168.

SHIH ET AL. | 7

http://orcid.org/0000-0002-2426-513X
https://www.who.int/en/activities/tracking-SARS-CoV-2-variants/
https://www.who.int/en/activities/tracking-SARS-CoV-2-variants/


33. Chao TN, Harbison SP, Braslow BM, et al. Outcomes after tracheostomy
in COVID‐19 patients. Ann Surg. 2020;272(3):e181‐e186.

SUPPORTING INFORMATION

Additional supporting information can be found online in the

Supporting Information section at the end of this article.

How to cite this article: Shih E, DiMaio JM, Squiers JJ, et al.

Extracorporeal membrane oxygenation for respiratory failure

in phases of COVID‐19 variants. J Card Surg. 2022;1‐8.

doi:10.1111/jocs.16563

8 | SHIH ET AL.

https://doi.org/10.1111/jocs.16563



