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Abstract

Purpose: The role of extracorporeal membrane oxygenatio (ECMO) for rescue

therapy of respiratory failure in critically ill coronavirus disease 2019 (COVID‐19)

patients remains controversial. We aimed to evaluate the clinical outcomes of ECMO

in the treatment of COVID‐19 compared with conventional ventilation support.

Methods: In this retrospective cohort study, data were collected on extremely cri-

tical patients with COVID‐19 from January 2020 to March 2020 in intensive care

unit of a hospital in charge by national rescue team inWuhan, China, the epicenter of

pandemic. Patients were classified into the ECMO group and the conventional

ventilation non‐ECMO group. Clinical characteristics, technical characteristics, la-

boratory results, mortality, and complications of the two groups were analyzed.

Results: 88 patients with extremely critical COVID‐19 were screened; 34 received

ECMO support and 31 received conventional ventilation support. Both groups had

comparable characteristics at baseline in terms of age, gender, and comorbidities.

Before ECMO or conventional therapy, patients in the two groups had sever acute

respiratory distress syndrome with a mean partial pressure of arterial oxygen to the

fraction of inspired oxygen (PaO2/FiO2) ratio of 69.6 and 75.4, respectively. At the

time of reporting, patients in the ECMO had significantly lower in‐hospital mortality

compared with the control group (58.8 vs. 93.5%, p = .001).

Conclusion: ECMO is shown to decrease the mortality of extremely critical ill

COVID‐19 patients compared with the conventional treatment. Although compli-

cations occurred frequently, ECMO could still be a rescue therapy for the treatment

of COVID‐19 during the pandemic.
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1 | INTRODUCTION

In the late December, 2019, an unprecedented outbreak of a novel

infection has emerged inWuhan, China. The severe acute respiratory

syndrome coronavirus 2 (SARS‐CoV‐2) was subsequently identified

and rapidly led to a worldwide pandemic. Globally, as of 6:44 pm CET,

19 January 2021, there have been 94,124,612 confirmed cases of

coronavirus disease 2019 (COVID‐19), including 2,034,527 deaths,

reported to WHO.1 The majority of cases presented mild symptoms

such as cough and fever, while there exists a proportion of severe or

critical cases who presented, or developed to acute respiratory dis-

tress syndrome (ARDS), acute cardiac injury, shock, and multiple or-

gan dysfunction syndrome (MODS), even death.2,3 In an investigation

in mainland China, the Chinese Center for Disease Control and Pre-

vention reported that among a total of 72 314 case records, 81% of

them were classified as mild, however, 14% were severe and 5%

were critical.4(p314)

According to the world health organization, mechanical ventila-

tion, steroids, and some investigational treatment options, such as

intravenous immunoglobulin and convalescent plasma could be

considered for the management of severe and critically ill patients.5

And extracorporeal membrane oxygenation (ECMO) is recommended

as a rescue therapy for COVID‐19 with refractory hypoxemia despite

lung‐protective ventilation.6 However, to date, the experience of

ECMO for COVID‐19 is very limited. Therefore, we report a retro-

spective cohort study on the effect of ECMO as a rescue therapy for

extremely critical COVID‐19 patients during outbreak of the

pandemic.

2 | METHODS

2.1 | Study design and patient selection

This was a retrospective study conducted in the intensive care unit

(ICU) of a hospital in charge by national rescue team inWuhan, China,

the epicenter of pandemic between Jan 2020 and Mar 2020. This

study was approved by the ethics committee of the Seventh Medical

Center of Chinese PLA General Hospital (No. 2020‐023) and was

registered at http://www.chictr.org.cn. (ID: ChiCTR200003

2162). The study was performed in accordance with the approved

guidelines and regulations of the participating institutions. The

committee waived the need for informed consent. The data of the

study have been opened at https://data.mendeley.com/datasets/

wyb73tkf9z/3.

3 | PARTICIPANTS

Patients were eligible for enrollment if meeting the following criteria:

(1) Laboratory confirmed COVID‐19 cases tested by real‐time

reverse‐transcriptase polymerase chain reaction assays using speci-

mens from both the upper respiratory tract (nasopharyngeal and

oropharyngeal) and lower respiratory tract (expectorated sputum,

endotracheal aspirate, or bronchoalveolar lavage), according to the

world health organization criteria.5 (2) Fulfilled the Berlin definition

for ARDS.7 (3) Met ECMO initial criteria: (1) reversible respiratory

failure with hypoxemia (partial pressure of arterial oxygen to the

fraction of inspired oxygen (PaO2/FiO2) ratio less than 50mmHg for

more than three hours or PaO2/FiO2 ratio less than 80mmHg for

more than 6 h; (2) Arterial blood pH less than 7.25 with a partial

pressure of arterial carbon dioxide (PaCO2) of at least 60mmHg for

more than 6 h with respiratory rate more than 35 breaths per minute;

(3) Plateau pressure more than 30‐35 cmH2O despite optimization of

mechanical ventilation. (4) None of the following contraindications to

ECMO: (1) mechanical ventilation at high settings (FiO2 > 0.9, plateau

pressure greater than 30 cmH2O for

≥7 days; (2) major pharmacologic immunosuppression (absolute

neutrophil count <400/mm3; (3) central nervous system hemorrhage

that is recent or expanding; (4) nonrecoverable comorbidity, such as

major central nervous system damage or terminal malignancy.8 Other

adjunctive therapies, such as high frequency oscillatory ventilation

and inhaled nitric oxide, were at the discretion of the attending

physicians.

Patients meeting the above criteria were assigned to the ECMO

group and underwent either venovenous or venoarterial percuta-

neous cannulation, while patients who met the above criteria but

didn't receive ECMO due to limited resources during the outbreak

were assigned to the control group and received conventional ven-

tilation support.

The anticoagulation protocol was as follows: (a) Anticoagulation

for initiation of ECMO: unfractioned heparin (50–100 unite/kg,

3000–5000 units intravenous bolus). (b) Initiation of continuous in-

fusion anticoagulation was determined by the patient's clinical status

based on post‐cannulation bleeding risks. (c) Continuous infusion

anticoagulation: unfractioned heparin (8–20 unite/kg/h). Weaning

from ECMO9 may be indicated when extracorporeal circulation

support is less than 30% of total, native heart or lung function, which

is judged by the treating physicians based on the clinical improve-

ment of patients, such as adequate oxygenation and gas exchange

reflected in arterial blood gas analysis and chest X‐ray. The procedure

of weaning off the ECMO is to decrease flow in steps to 1 L/min at

sweep FiO2 100% or decrease flow to 2 L/min then decrease sweep

FiO2 to maintain arterial oxygen saturation (SaO2) > 95%. When SaO2

stable on these settings, trial off by clamping

catheter and keeping the patient on the oxygenator at acceptable

settings. Follow the patient SaO2 and PaCO2, ready for decannulation

according to the lung function. For the ventilation protocol, SIMV and

PCV mode is routinely adopted. Specific parameters are as follows:

PC: 10–15 cmH2O, PEEP: 5–10 cmH2O, Respiratory rate: 10–15/

min, FiO2: 30%–50%. Midazolam and remifentanil were used for

sedation and analgesia, and muscle relaxants were used in the early

stage. For the anticoagulation protocol, heparin was used.

The antiviral drug was arbidol hydrochloride (umifenovir), a broad‐

spectrum antiviral compound, using a gastric feeding tube (200mg

tid).10,11
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4 | DATA COLLECTION

The medical records were collected retrospectively in standardized

case report forms. Trained research team performed the data col-

lection, including patient demographics, such as age and sex, pre-

defined comorbidities, laboratory findings (leucocyte, hemoglobin

concentration, liver function, kidney function, cardiac function, and

blood gases), ventilator modes and settings (positive end‐expiratory

pressure, plateau pressure, and FiO2), and outcomes.

5 | STATISTICAL ANALYSIS

Continuous variables, expressed as means (with SD) or medians (with

interquartile ranges), were compared with independent t test. Cate-

gorical variables were compared with the χ2 or the Fisher's exact

tests. The nonparametric values of the two groups were compared

with the Mann–Whitney U test. All analyses were carried out using

SPSS version 21 (IBM). A p value less than 0.05 was regarded as

statistically significant.

6 | RESULTS

From Jan 2020 to Mar 2020, a total of 88 patients with laboratory‐

confirmed SARS‐CoV‐2 infection was admitted to the ICU of the

hospital. Of them, 65 patients met the inclusion criteria and were

included in the final analysis, 34 patients considered for the treat-

ment of ECMO had ECMO support and 31 patients had conventional

treatment (Figure 1). Table 1 shows the demographic characteristics

of these patients at baseline. There were no statistically significant

differences in the main clinical characteristics of patients between

the two groups, including age, gender, and comorbidities (p > .05,

respectively). All included patients in the two groups had severe

ARDS with a mean PaO2/FiO2 ratio of 69.6 and 79.4, respectively.

Both groups had similar plateau pressure, while patients in the con-

trol group had significantly lower PEEP. There were no significant

differences in PaO2/FiO2 ratio and PaCO2 between the two groups.

In the ECMO group, 28 of 34 patients (82.4%) were given vasoactive

drugs during ECMO. Continuous renal replacement therapy and

prone ventilation were used significantly more often in the ECMO

group compared with the control group (64.7 vs. 38.7%, p = .036 and

73.5 vs. 16.1%, p = .000).

In the ECMO group, 31 of 34 patients (91.2%) received veno-

venous ECMO (VV ECMO). Of them, one patient crossed over from

VV ECMO to venoarterial ECMO (VA ECMO) because of hemody-

namic instability. Three patients were solely treated with VA ECMO.

The blood gas analysis and ventilatory settings data before

ECMO and conventional ventilation between the two groups are

shown in Table 2, both groups had similar modes of ventilation.

Table 3 shows data of laboratory findings between the two

groups, both groups had similar laboratory values in leucocyte,

hemoglobin, alanine aminotransfease, lactic acid, and troponin I.

While patients in the ECMO group had significantly lower values

of creatinine and CK‐MB compared to the control group (p = .000

and p = .035, respectively).

Compared to the conventional ventilation non‐ECMO group, ECMO

group had a significantly lower in‐hospital mortality (58.8 vs. 93.5%,

p= .001). When analyzing the causes of death, less patients died of ARDS

and more patients died of septic infection in the ECMO group as com-

pared to the non‐ECMO group (0 vs. 51.6%, p= .000 and 17.6 vs. 0%,

p= .025, respectively). Besides, there were no difference of other death

causes between the two groups, including MODS, shock, respiratory/

heart failure, bleeding, arrhythmia, and disseminated intravascular coa-

gulation. Because the hospital costs of all the SARS‐CoV‐2 infected pa-

tients are covered by the Chinese government, we can't obtain the cost

data of ECMO in the mainland of China.

ECMO‐related complications occurred in 28 of 34 (82.4%) pa-

tients. The main complications were bleeding, including gastro-

intestinal bleeding in four patients, intracranial bleeding in two

patients, pulmonary hemorrhage in one patient, airway bleeding in

one patient, and other bleeding events in 18 patients. Infectious

complications occurred in eight patients. The main pulmonary com-

plications were pneumothorax, which occurred in four patients.

Three patients occurred oxygenator failure.

7 | DISCUSSION

This retrospective cohort study aimed to compare the outcomes of

ECMO and conventional ventilation for the treatment of extremely

critical COVID‐19 patients. And the results suggested that extremely

critical patients with COVID‐19 in the ECMO group had significantly

lower in‐hospital mortality as compared to that of patients in the

control group (58.8 vs. 93.5%, p = .001). And the mortality of patients

with COVID‐19 who received ECMO in our study is in the context of

the overall mortality in acute lung injury/ARDS, which ranges from

15% to 75%, with a pooled point estimate of 43% (95% confidential

interval [CI] 0.40–0.46).12 Although a previous pilot pooled analysis

of preliminary results in China has suggested that the effects of

F IGURE 1 Flowchart of study enrollment. ARDS, acute
respiratory distress syndrome; ECMO, extracorporeal membrane
oxygenation; SARS‐CoV‐2, severe acute respiratory syndrome
coronavirus 2
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ECMO for ARDS caused by SARS‐CoV‐2 were not encouraging,13 a

recent study implemented by Yang et al. showed that compared to

the mechanical ventilation patients without ECMO support, patients

with ECMO support had lower mortality rate with no significant

difference (57.1 vs. 63.2%, p = .782).14 According to the data on

ECMO in COVID‐19 patients in 90 institutions spanning 17 countries

reported by the European Extracorporeal Life Support Organization

(ELSO), death rate was 17.1% (95% CI: 0.13–0.21) in 333 patients

with COVID‐19, which was much lower than that of our study. Be-

sides, the authors also showed a significant association between

death and age in those patients (odds ratio 4.80 [95% CI:

1.64–14.04], p = .004), and patient risk was significantly increased in

patients aged greater than 60 years.15 To date, ECMO has been

actively used to save COVID‐19 patients with extremely critical

conditions.16

ECMO has been used as a rescue therapy in various patients with

severe ARDS, and the survival rate were inconsistent, which may

result from the different characteristics of patients at baseline, the

disease severity, and the experience of ECMO centers. In a meta‐

analysis including 13 studies with a total of 494 patients with severe

H1N1 pneumonia and respiratory failure who received ECMO, the

authors reported a overall mortality of 37.1% (95% CI: 0.30–0.45).17

A multicentre randomized controlled trial (the CESAR trial) by Peek

et al. reported that patients with severe acute respiratory failure had

improved survival rate without severe disability at 6 months after

receiving ECMO support as compared to the conventional manage-

ment group (63 vs. 47%, relative risk 0.69; 95% CI: 0.05–0.97,

p = .03).18 Besides, in the EOLIA trial, patients with severe ARDS in

the ECMO group had significantly lower mortality compared to the

control group (35 vs. 46, relative risk 0.76; 95% CI: 0.55–1.04;

p = .09).19 Furthermore, a retrospective cohort study recruiting

Middle East respiratory syndrome coronavirus patients with re-

fractory respiratory failure also indicated that the ECMO group had

significantly lower in‐hospital mortality compared to the conventional

group (65 vs. 100%, p = .02).20 In The Lancet, Zhou et al. reported that

in‐hospital death of patients with COVID‐19 was associated with

TABLE 1 Clinical characteristics of patients with extremely
critical COVID‐19 who received ECMO and those who received
conventional ventilation non‐ECMO

ECMO
(n = 34)

non‐
ECMO (n = 31)

p
value

Age median (IQR)‐years 64.5
(56‐72)

69.2
(65·2‐72·2)

0.086

Gender (Male)‐ no. (%) 22 (64.7%) 25 (80.6%) 0.151

Comobidities‐ no. (%)

Diabetes 5 (14.7%) 3 (9.7%) 0.711

Hypertension 13 (38.2%) 10 (32.3%) 0.615

Uremia 0 (0%) 2 (6.5%) 0.224

COPD 0 (0%) 1 (3.2%) 0.477

Emphysema 0 (0%) 1 (3.2%) 0.477

Heart disease 0 (0%) 2 (6.5%) 0.224

Pulmonary lobectomy 0 (0%) 1 (3.2%) 0.477

Postoperative Chemotherapy

for colon cancer

0 (0%) 1 (3.2%) 0.477

After coronary bypass surgery 0 (0%) 1 (3.2%) 0.477

Hyperthyroidism 2 (5.9%) 0 (0%) 0.493

Cerebral infarction 0 (0%) 1 (3.2%) 0.477

Immunocompromised 1 (2.9%) 0 (0%) 1.000

Note: Data are presented as median (minimum–maximum), number (%), or
mean (SD). Data on plateau pressure were missing for six patients in the
ECMO group and in 11 in the control group.

Abbreviations: COPD, chronic obstructive pulmonary disease; COVID‐19,
coronavirus disease 2019; CRRT, continuous renal replacement therapy;
ECMO, extracorporeal membrane oxygenation; IQR, interquartile range;
PaO2/FiO2, arterial oxygen tension to inspired oxygen fraction ratio;

PEEP, positive end‐expiratory pressure; PaCO2, partial pressure of arterial
carbon dioxide.

TABLE 2 Blood gas analysis and ventilatory settings data of
patients with extremely critical COVID‐19 who received ECMO and
those who received conventional ventilation non‐ECMO

ECMO
(n = 34)

non‐
ECMO
(n = 31) p value

PaO2/FiO2 (mmHg) 69.6 (30.1) 75.4 (43.8) 0.535

PEEP (cmH2O) 11 (2.1) 9.3 (3.4) 0.042

Plateau pressure (cmH2O)a 29.9 (9.1) 33.8 (8.5) 0.146

Arterial blood pH 7.29 (0.12) 7.31 (0.16) 0.546

PaCO2 (mmHg) 61.6 (17.0) 52.8 (20.1) 0.065

Mode of ventilation no. (%)

PRVC 3 (8.8%) 0 (0%) 0.240

PCV 15 (44.1%) 17 (54.8%) 0.388

VCV 8 (23.5%) 12 (38.7%) 0.185

APRV 1 (2.9%) 0 (0%) 1.000

AC 4 (11.8%) 0 (0%) 0.115

Use of CRRT‐ no. (%) 22 (64.7%) 12 (38.7%) 0.036

Use of prone

ventilation‐ no. (%)

25 (73.5%) 5 (16.1%) 0.000

Note: Data are presented as numbers (%).

Abbreviations: AC, assisted‐control ventilation; APRV, airway pressure

release ventilation; COVID‐19, coronavirus disease 2019;
CRRT, continuous renal replacement therapy; ECMO, extracorporeal
membrane oxygenation; PaO2/FiO2, arterial oxygen tension to inspired
oxygen fraction ratio; PEEP, positive end‐expiratory pressure; PaCO2,
partial pressure of arterial carbon dioxide; PCV, pressure‐controlled
ventilation; PRVC, pressure‐regulatory volume control ventilation;
VCV, volume‐controlled ventilation.
aData on plateau pressure was missing for six patients in the ECMO group
and 11 in the control group.
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older age,21 and a higher percentage of men and a majority of pa-

tients with comorbidities were observed in several studies2,3(p2),21–23

In our study, the baseline characteristics of the two groups were

comparable in terms of age, gender, and comorbidities, which may

reduce the confounders of the study, although other confounders

may still exist, such as the body mass index of the patients. In addi-

tion, for patients who received ECMO support, the sequential organ

failure assessment scores and lung injury scores, ICU stay, and

duration of mechanical ventilation probably contribute to the mor-

tality. Besides, the results of the CESAR trial further suggest that

referral and transfer to an ECMO center are associated with a re-

duction in mortality.18

In our study, VV ECMO was the most frequently used mode in

patients with COVID‐19 due to its advantages of avoiding carotid

cannulation and less vascular complications over VA ECMO.

However, there was still patients who crossed over from VV ECMO

to VA ECMO because of hemodynamic instability. Likewise,

Ramanathan et al. suggested that for patients with COVID‐19 who

develop cardiac failure, VA ECMO might be needed.23

COVID‐19 patients have various respiratory mechanical char-

acteristics, which are divided into two types: Type L, characterized by

low elastance, low ventilation‐to‐perfusion ratio, low lung weight and

low recruitability and Type H, characterized by high elastance, high

right‐to‐left shunt, high lung weight, and high recruitability.24 Most

patients present early with type L, and that some transition to type H,

potentially due to the synergistic effects of worsening COVID‐19

pneumonia and patient self‐inflicted lung injury.24 Respiratory

characteristic‐oriented pulmonary protective ventilation strategy

may benefit COVID‐19 patients most.25 For the response to PEEP

differs on the basis of individual respiratory mechanics, an in-

dividualized strategy should be adopted.25 Specifically, higher PEEP

for patients with high lung recruitment potential, while low PEEP is

selected for low lung atelectasis recruitment potential patients,

avoiding excessive PEEP aggravates the excessive expansion of al-

veolar space, resulting in respiratory‐related lung injury.26 Prone

position can improve the ventilation and perfusion relationship, re-

duce the heterogeneity of pulmonary blood flow, improve oxygena-

tion and reduce ventilator‐associated lung injury. Prone position

ventilation is preferred for patients with low lung recruitment po-

tential.27,28 Individualized parameter adjustment according to the

clinical situation will benefit the patients optimally.

In our study, complications including bleeding, infection, pneu-

mothorax, and mechanical complications occurred during ECMO.

According to the ELSO registry report,29 the most common compli-

cations of ECMO for adult respiratory failure were hemorrhage and

infection, which is consistent with our study results. Bleeding com-

plications are multifactorial. Management of bleeding includes pre-

ventative strategies to prevent bleeding, cessation of anticoagulation

if significant bleeding occurs as well as transfusion support, anti-

fibrinolytics, and local measures and surgical control where re-

quired.30 Some risk factors have been shown for the development of

infection, including the duration of the ECMO run, the severity of

illness in ECMO patients, the high risk of bacterial translocation from

the gut, and ECMO‐related impairment of the immune system.

TABLE 3 Laboratory results
ECMO (n = 34) non‐ECMO (n = 31) p value

Leucocyte (*109/L) 13.34 (11–16.57) 12.1 (9.08–18.35) 0.971

Hemoglobin (mg/dl) 108 (85.5–125.63) 99 (85.25–123.75) 0.642

Creatinine (umol/L) 58.5 (44–73.25) 95.8 (70.25–231.75) 0.000

ALT (U/L) 46.5 (34–73.3) 52.8 (23.5–92.6) 0.773

Lactic acid (mmol/L) 2.6 (1.8–3.94) 3.9 (1.83–9.18) 0.062

CK‐MB (ug/L) 19 (1.21–34.25) 29.1 (19.8–40.85) 0.035

Troponin I (pg/ml) 0.078 (0.027–0.22) 0.11 (0.53–0.27) 0.496

Note: Data are presented as median (minimum–maximum).

Abbreviations: ALT, alanine aminotransfease; ECMO, extracorporeal membrane oxygenation.

TABLE 4 Outcomes of patients who received ECMO and those
who received conventional ventilation non‐ECMO support

ECMO
(n = 34)

non‐
ECMO (n = 31) p value

In‐hospital mortality
no. (%)

20 (58.8%) 29 (93.5%) 0.001

Cause of death no. (%)

ARDS 0 (0%) 16 (51.6%) 0.000

MODS 10 (29.4%) 3 (9.7%) 0.064

Septic infection 6 (17.6%) 0 (0%) 0.025

Shock 5 (14.7%) 8 (25.8%) 0.264

Respiratory/heart failure 4 (11.8%) 0 (0%) 0.115

Bleeding 4 (11.8%) 0 (0%) 0.115

Arrhythmia 0 (0%) 1 (3.2%) 0.477

DIC 0 (0%) 1 (3.2%) 0.477

Note: Data are presented as number (%).

Abbreviations: ARDS, acute respiratory distress syndrome;
DIC, disseminated intravenous coagulation; ECMO, extracorporeal
membrane oxygenation; MODS, multiple organ dysfunction syndrome.
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Although antibiotic prophylaxis during ECMO is common practice,

the ELSO Infectious DiseaseTask Force does not recommend the use

of antimicrobial agents to prevent infectious complications during

ECMO and advises not to prolong it beyond 48 h after cannulation, if

performed. Generally, the application of antibiotic prophylaxis is in

the judgement of the physicians based on the patients' condition.31

There are some limitations in our study: (1) First, single‐center study

in Chinese patients and nonrandom; (2) Second, the sample in our study

was small. (3) Third, limited number of variables were collected in the

context of pandemic outbreak when clinicians were not able to collect the

detailed data of parameters for each patient. (4) Fourth, follow‐up time of

our study was short, some outcomes could not be observed. In spite of

these limitations, this study still provides promise and meaningfulness to

extremely critical patients with COVID‐19.

In summary, the present retrospective cohort study provided

evidence to suggest that, in extremely critical COVID‐19 patients, the

survival rate in the ECMO group was superior compared with that in

the conventional ventilation group. Critically ill patients with COVID‐

19 appear to develop MODS and shock,3 many factors could affect

the outcomes. Whether ECMO has a role in those patients with very

severe condition is still difficult to conclude due to limited experience

worldwide. Understanding the risk‐to‐benefit ratio of performing

ECMO in the clinical settings is essential.32 Generally, our study

showed that ECMO might be a rescue therapy for extremely critical

COVID‐19 patients.
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