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Comparative Propensity Matched Outcomes in Severe COVID-19
Respiratory Failure—Extracorporeal Membrane Oxygenation or
Maximum Ventilation Alone
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Objective: Does extracorporeal membrane oxygenation (ECMO) improve
outcomes in ECMO-eligible patients with COVID-19 respiratory failure
compared to maximum ventilation alone (MVA)?

Summary Background Data: ECMO is beneficial in severe cases of respi-
ratory failure when mechanical ventilation is inadequate. Outcomes for
ECMO-eligible COVID-19 patients on MVA have not been reported. Conse-
quently, a direct comparison between COVID-19 patients on ECMO and those
on MVA has not been established.

Methods: A total of 3406 COVID-19 patients treated at two major medical
centers in Chicago were studied. One hundred ninety-five required maximum
ventilatory support, and met ECMO eligibility criteria. Eighty ECMO patients
were propensity matched to an equal number of MVA patients using detailed
demographic, physiological, and comorbidity data. Primary outcome was
survival and disposition at discharge.

Results: Seventy-one percent of patients were decannulated from ECMO.
Mechanical ventilation was discontinued in 75% ECMO and 16% MVA
patients. Twenty-five percent of patients in the ECMO arm expired, 21% while
on ECMO, compared with 74% in the MVA cohort. Mortality was significantly
lower across all age and BMI groups in the ECMO arm. Sixty-eight percent
ECMO and 26% MVA patients were discharged from the hospital. Fewer
ECMO patients required long-term rehabilitation. Major complications such as
septic shock, ventilator associated pneumonia, inotropic requirements, acute
liver and kidney injuries are less frequent among ECMO patients.
Conclusions: ECMO-eligible patients with severe COVID-19 respiratory
failure demonstrate a 3-fold improvement in survival with ECMO. They
are also in a better physical state at discharge and have lower overall
complication rates. As such, strong consideration should be given for ECMO
when mechanical ventilatory support alone becomes insufficient in treating
COVID-19 respiratory failure.
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nfection with the SARS-CoV-2 virus, Coronavirus Disease 2019

(COVID-19), has claimed nearly 4 million lives worldwide since
December 2019.! Although majority of those affected do not develop
serious symptoms, some experience respiratory distress requiring
mechanical ventilation.? In severe cases, even ventilatory support
fails. These patients develop refractory hypoxemia, acute respiratory
distress syndrome (ARDS) with severe cytokine storm, and eventual
multisystem organ failure.’

Veno-venous extracorporeal membrane oxygenation (ECMO)
is a technique that has been shown to reduce mortality in severe cases
of respiratory failure such as in Middle East Respiratory Syndrome
(MERS) coronavirus infections.*~® However, the need for prolonged
ventilation, sedation, and immobility may limit the long-term bene-
fits of this technique. In the field of lung transplantation, attempts at
discontinuing mechanical ventilation while on ECMO are showing
promising results.”® However, this novel approach has not been
widely applied outside the realm of this subspecialty.

Recent articles on ECMO for severe COVID-19 respiratory
failure have reported 15% to 38% mortality.”~!! However, the out-
comes for ECMO-eligible COVID-19 patients on maximum venti-
lation alone (MVA) due to severe respiratory failure have not been
described. As a result, a direct comparison between COVID-19
patients on ECMO and those on MVA has not been established.
The goal of this study was to compare the two approaches using
propensity match analysis to determine the impact of ECMO and
MVA on survival, patient disposition at discharge, and complications
in severe COVID-19 respiratory failure.

METHODS

Patient Selection

Data was collected retrospectively from 3406 COVID-19
patients treated at the Advocate Christ Medical Center and Rush
University Health System (IRB No. AHC-7426-C5000376 and
ORA-20040401, respectively) in Chicago, IL, between March 1%,
2020 and June 9™, 2021. Waiver of the need for consent was
obtained. The Data were extracted from the official institutional
databases for all COVID-19 patients treated at these facilities, and
de-identified to protect patient privacy. COVID-19 infection was
confirmed using PCR-based assays.

The following criteria were used to determine ECMO candi-
dacy: patients <70 years’ old, and suffering from severe hypoxia or
hypercarbia despite maximum ventilatory support similar to what
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was described by the EOLIA trial group [ie, if arterial blood gas
(ABG) partial pressure of oxygen (PaO,) to the fraction of inspired
oxygen (FiO,) ratio (P/F ratio) is <50 mm Hg for >3 hours, <80 mm
Hg for >6 hours, or if pH is <7.25 with a partial pressure of carbon
dioxide (PaCO,) >60 mm Hg for >6 hours].> Maximized ventilator
settings constituted of a minimal FiO, of >0.8, positive end expira-
tory pressure (PEEP) >10 cm H,O, and tidal volumes of 6 mL/kg
predicted body weight, while keeping a plateau pressure <32cm
H,O0.

The following were absolute contraindications to ECMO
placement: patients with cardiac arrest without return of spontaneous
circulation, lactate >14 mMol/L or pH <6.9, in multi-system organ
failure involving three or more organ systems, projected life expec-
tancy <5 years before SARS-CoV-2 infection, known devastating
neurological injury, recent hemorrhagic stroke or any known major
bleeding diathesis, known DNR/DNI status, those who refuse to
receive blood transfusions, those with permanent immobility, known
active malignancy, and finally, patients with severe, symptomatic
chronic organ failure, such as cirrhosis, end-stage renal disease on
dialysis, end-stage cardiomyopathy, or those with severe chronic
lung disease requiring home oxygen therapy, among others.

ECMO was initiated using a single access, dual-stage right
atrium to pulmonary artery cannula. Please see supplemental mate-
rial, http://links.lww.com/SLA/D405 for details on the cannulation
technique. Patients were extubated and mobilized while on ECMO.

All patients were followed for up to 150 days of hospitaliza-
tion post-intubation.

Outcome Measures

The primary outcome was survival and disposition at dis-
charge. Times spent in various treatment phases were determined, as
well as types and frequencies of complications.

Statistical Analysis

For the 3326 non-ECMO patients, match eligibility was
determined based on the following criteria applied sequentially:
patients required mechanical ventilation, were between 18 and
70years’ old, required FIO, >0.8 with arterial blood gas recording
P/F ratio <80 mm Hg, or pH <7.25 with PaCO, >60 mm Hg for >6
hours. Also, a diagnosis of any severe chronic organ dysfunction, or
multi-system organ failure at the time of ECMO eligibility resulted in
exclusion from matching (Fig. 1).

3406 Total Patients Admitted with COVID19

80 Patients Initiated on ECMO

3326 Total Non-ECMO Patients Admitted with COVID19

3211 Excluded (applied sequentially)

2893 Not mechanically ventilated
143 Age < 18 or > 70 years

114 FIO, never > 0.8, or ratio of PaO,
to FIO; never £ 80 mm Hg, or pH
never < 7.25 with PaCO; > 60 mm Hg
for more than 6 hours

59 Severe chronic organ dysfunction

2 Multi-system organ failure at time
of ECMO eligibility

115 Match-eligible Patients on MVA

v

80 Matched pairs after propensity score matching

FIGURE 1. Algorithm to identify matching-eligible patients.
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TABLE 1. Characteristics of ECMO and MVA Patients Before and After Propensity Score Matching

MVA Patients

Match Categories ECMO Patients Pre-Match P Post-Match P
Age, y 49.0 (1.1) [51.0] {22-67} 56.5 (0.9) [59.0] {22-70} 0.001 52.1 (1.0) [53.5] {22-64} 0.06
Male, % 76.3 68.7 0.25 72.5 0.59
BMI, kg/m2 34.1 (0.8) [33.7] 34.5 (0.9) [32.8] 0.69 35.3 (1.2) [32.8] 0.42
Obesity”, % 71.3 69.6 0.8 72.5 0.86
Ventilator, days 3.9 (04) 4.1 (0.5) 0.72 4.0 (0.5) 0.79
FIO, 0.97 (0.01) 0.94 (0.01) 0.04 0.95 (0.01) 0.26
PEEP, cm H,O 15.6 (0.4) 14.6 (0.3) 0.06 14.7 (0.4) 0.19
ABG values
pH 7.25 (0.01) 7.24 (0.01) 0.84 7.24 (0.01) 0.64
PaCO,, mm Hg 68.2 (2.3) 64.2 (1.9) 0.18 66.5 (2.4) 0.63
PaO,, mm Hg 62.3 (1.9) 68.1 (1.3) 0.01 66.9 (1.4) 0.04
PaO,/FIO,, mm Hg 65.0 (2.2) 73.7 (1.8) 0.002 71.3 (1.9) 0.03
Pronation and/or Chemical Paralysis, % 93.8 98.3 0.1 97.5 0.25

Mean (SEM), [median], {range}.
“Obesity is defined by a BMI >30 kg/mz.
tVentilator days refer to number of days intubated at time of ECMO eligibility.

ABG, arterial blood gas; BMI, body mass index; ECMO, extracorporeal membrane oxygenation; FIO,, fraction of inspired oxygen; MVA, maximum ventilation alone; PaCO,,

partial pressure of carbon dioxide; PaO,, partial pressure of oxygen.

Propensity score match analysis was carried out using a
logistic regression model as described by Noah et al.'?> Detailed
demographic, physiological, and comorbidity data were utilized for
matching as outlined in Table 1.

Data are expressed as mean =+ standard error of the mean
(SEM), median, and range. Relative risks or ratios (RR) between
ECMO and MVA patients with 95% confidence intervals (CIs) are
also indicated where appropriate. Data were analyzed by 2-tailed
Student ¢ test for continuous variable and Chi-Square test for
categorical variables with a P value significance level of <0.05.
The 2020 Excel for Office 365 (Microsoft) with the added XLMiner
Analysis ToolPak was used for data analysis.

RESULTS

Study Population and Patient Characteristics

A total of 3406 patients with COVID-19 infection were
admitted (Fig. 1). A total of 3326 were not supported on ECMO,
of whom 3,211 were excluded based on the match eligibility criteria.
One hundred ninety-five patients qualified for ECMO. Eighty were
supported on ECMO, and 115 on MVA, of whom 80 were selected
for comparison with the ECMO cohort.

ECMO was performed in patients between the ages of 22 and
67 years [mean (SE), 49.0 (1.1) years] (Table 1). MVA patients ranged
from 22 to 64 years [52.1 (1.0) years]. The difference was not statisti-
cally significant (P = 0.06). Greater than 70% of patients in each group
were male (P = 0.59). Average body mass index (BMI) was also
similar [34.1 (0.8) kg/m2 for ECMO vs 35.3(1.2) kg/m2 for MVA, P =
0.42]. All patients had reached maximum ventilatory support at the
time of ECMO eligibility. The average duration of intubation before
ECMO initiation was 3.9 (0.4) days, compared with 4.0 (0.5) days for
the MVA cohort at time of ECMO eligibility (P = 0.79). Following
propensity score matching, arterial blood gas values were also similar
in the 2 groups except for PaO, and P/F ratio, which were both slightly
higher in the MVA arm. Pronation and/or chemical paralysis was
undertaken in 94% ECMO and 98% MVA patients (P = 0.25).

Outcomes

Patients supported on ECMO spent an average of 4.9 (0.5) days
in the hospital before requiring intubation, whereas MVA patients were

€390 | www.annalsofsurgery.com

intubated at 4.3 (0.7) days (P = 0.54) (Fig. 2A). Onset of symptoms to
intubation between the ECMO and MVA cohorts were 11.5 (0.6) and
11.3 (0.9) days, respectively (P = 0.87). The average time from
intubation to ECMO initiation was 3.9 (0.4) days. Total duration of
mechanical ventilation for extubated patients was 16.7 (2.2) days for
the ECMO cohort, and 10.9 (1.6) days for the MVA group (P = 0.04).
However, although 60 ECMO patients (75%) were successfully
weaned off the ventilator, only 13 MVA patients (16%) achieved
the same [RR (95% CI), 4.62 (2.76-7.71), P = 0.001]. Fifty-seven
patients (71%) have been decannulated from ECMO yielding an
average ECMO run time of 38.5 (4.2) days. The total time of
hospitalization for those discharged were 56.6 (4.2) and 30.5 (3.8)
days for the ECMO and MVA groups, respectively (P = 0.001).

Overall, 20 patients (25%) in the ECMO group expired, 17
(21%) while on ECMO, compared to 59 patients (74%) in the MVA
group [RR (95% CI), 0.34 (0.23-0.51), P = 0.001] (Table 2). Eighty-
nine of the 115 match-eligible MVA patients (77%) did not survive.

Of the 20 ECMO deaths, 3 patients (15%) succumbed to
stroke, and the rest to overwhelming sepsis and multi-system organ
failure. Three patients expired after ECMO decannulation from
nonrespiratory causes. For the 59 MVA deaths, 29 (49%) resulted
from refractory respiratory failure, 27 (46%) from the development
of overwhelming sepsis and multisystem organ failure, and 3 patients
(5%) died of stroke.

More than 90% of the MVA mortality occurred within the first
four weeks of intubation (Fig. 3A). It was more protracted for those
on ECMO. Mortality was significantly lower across all age and BMI
groups in the ECMO arm (Fig. 3B and 3C). Patients in their 40s
displayed the highest survival rates in both groups.

Fifty-four ECMO patients (68%) have been discharged alive,
as opposed to 21 MVA patients (26%) [RR (95% CI), 2.57 (1.73—
3.83), P = 0.001] (Fig. 2A). As of June 9", 6 ECMO patients (8%)
remained hospitalized with none in the MVA cohort. Of the 54
ECMO patients discharged thus far, 27 (50%) went home, 23 (43%)
went to a short-term rehabilitation center (STR), and 4 (7%) to a
long-term rehabilitation center (LTR) (Table 3). One patient received
adouble lung transplant before discharge. Of the 21 MVA discharges,
7 (33%) went home, 6 (29%) went to an STR, and 8 (38%) to an LTR.
Overall, of the ECMO patients discharged, 50 (93%) were sent home
or to an STR compared to 13 (62%) in the MVA cohort [RR (95%
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Timeline for mean duration of treatment phases
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FIGURE 2. Timeline of events. A, Timeline for mean duration of treatment phases. B, Cumulative No. of events.
CI), 1.5 (1.06-2.11), P = 0.001]. All STR patients are now home. respectively [RR (95% CI), 0.03 (0.005-0.25), P = 0.001]. Incidence

Twenty-four ECMO (44%) and 13 MVA patients (62%) required >2 of ventilator associated pneumonia was also lower in the ECMO
L/min of supplemental oxygen at discharge [RR (95% CI), 0.72 group (24% vs 41%) [RR (95% CI), 0.58 (0.36—0.92), P = 0.02].

(0.46-1.12), P = 0.17]. Acute kidney injury requiring renal replacement therapy was noted in
Cumulative number of events is illustrated by dates in 23% ECMO and 45% MVA patients [RR (95% CI), 0.5 (0.31-0.8), P
Figure 2B. Approximately 75% of the ECMO and MVA patients = 0.003]. Acute liver injury was seen in 8% and 25% of ECMO and
were hospitalized within the first 2 months of the study coinciding MVA patients, respectively [RR (95% CI), 0.3 (0.13-0.71), P =
with the first wave of COVID-19 cases in the state.! 0.003]. Stroke and bacteremia rates were similar in both groups (P =
Complication rates were generally lower for ECMO patients 0.77 and 0.3, respectively). Significant bleeding requiring more than

(Table 2). Septic shock was noted in 18% ECMO and 55% MVA five units of blood transfusion within a 12-hour period was seen
patients [RR (95% CI), 0.32 (0.19-0.53), P = 0.001]. Inotropic in 13% ECMO and 3% MVA patients [RR (95% CI), 5.0 (1.13—
requirements were 1% and 36% in ECMO and MVA patients, 22.1), P = 0.02]. Overall, 13% ECMO and 15% MVA patients
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TABLE 2. Outcomes (Adverse Events)

Categories Subcategories ECMO patients MVA patients RR (95% CI) P
Neurologic Stroke 7 (8.8) 6 (7.5) 1.17 (0.41-3.32) 0.77
Cardiovascular Inotropic requirement 1(1.3) 29 (36.3) 0.03 (0.005-0.25) 0.001
Significant bleeding” 10 (12.5) 2 (2.5) 5.0 (1.13=22.1) 0.02
Septic Shock' 14 (17.5) 44 (55.0) 0.32 (0.19-0.53) 0.001
Pulmonary Tracheostomy 10 (12.5) 12 (15.0) 0.83 (0.38-1.82) 0.65
Infectious VAP 19 (23.8) 33 (41.3) 0.58 (0.36-0.92) 0.02
Bacteremia 27 (33.8) 21 (26.3) 1.29 (0.8-2.08) 0.3
Renal AKI requiring RRT 18 (22.5) 36 (45.0) 0.5 (0.31-0.8) 0.003
Hepatic Acute liver injury;t 6 (7.5) 20 (25.0) 0.3 (0.13-0.71) 0.003
ECMO Revisions 3(3.8) NA NA NA
cannulation Site bleeding 1(1.3) NA NA NA
Mortality Overall 20 (25.0) 59 (73.8) 0.34 (0.23-0.51) 0.001
On ECMO 17 (21.3) NA NA NA

No. (%), (95% confidence interval).

“Significant bleeding is defined by >5 U of PRBC transfusion within a 12-hour period.

tSeptic shock is defined as requiring >2 vasopressors.
TAcute liver injury is defined as AST and ALT > 5x upper limits of normal.

AKI indicates acute kidney injury; NA, not applicable; RRT, renal replacement therapy; VAP, ventilator associated pneumonia.

underwent a tracheostomy [RR (95% CI), 0.83 (0.38-1.82), P =
0.65]. However, of those discharged, 6% had received a tracheos-
tomy in the ECMO group as opposed to 38% among the MVA cohort
[RR (95% CI), 0.15 (0.04-0.5), P = 0.001] (Table 3).

Three patients (4%) required ECMO cannula revisions due to
dislodgement or fractures, and 1 patient (1%) experienced significant
bleeding from the cannula insertion site (Table 2).

DISCUSSION

In this study, we present the first propensity matched outcomes
of ECMO and MVA in patients with severe COVID-19
respiratory failure.

Patient Matching and Eligibility

We have looked at >3400 patients with COVID-19 hospital-
ized at Advocate Christ Medical Center and Rush University Health
System with >500 requiring ventilatory support. 195 were ECMO-
eligible with 80 undergoing ECMO, and 115 supported on MVA.
Those not mechanically ventilated, out of age range, or not having
failed maximum ventilatory support were excluded from matching.
Similarly, patients with severe chronic organ dysfunction, or in
multisystem organ failure at the time of ECMO eligibility were also
excluded. Using propensity match analysis, 80 MVA patients were
identified as suitable matches for the 80 ECMO patients. Majority,
75%, in each group were admitted to the same hospitals around the
same time frame (ie, within the first 2 months of the study), further
limiting the variability between the groups.

Matching was accomplished using several patient character-
istics that ultimately yielded similar age, sex, BMI, and arterial blood
gas values in both groups. All patients were maximized on the
ventilator and intubated for the same duration before ECMO initia-
tion or eligibility. In fact, the MVA group had a slightly higher
average PaO, and P/F ratio than its ECMO counterpart. Nearly all
patients were proned and/or chemically paralyzed.

Outcomes

As of June 9, 75% of the ECMO patients had been taken off
mechanical ventilation compared to 16% in the MVA group. Seventy-
one percent in the ECMO arm had been successfully decannulated
from ECMO, with 68% discharged alive from the hospital. Only 26%
of the MVA patients had left the hospital. Although the overall time of
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hospitalization appears to be greater in the ECMO cohort, 90% of the
MVA deaths occurred within a month of intubation.

Mortality in the ECMO arm was 25% (21% while on ECMO),
and in the MVA group, 74%. Three patients expired after ECMO
decannulation from nonrespiratory causes. Mortality was significantly
lower across all age and BMI groups in the ECMO cohort. Interest-
ingly, patients in their 40s had the lowest mortality among both groups.
The reason for this is unclear, and warrants further investigation.

ECMO patients were primarily discharged home, and those who
were sent to a short-term rehabilitation center are now home. Thus,
>90% of the discharged ECMO patients are now home. For MVA
patients, majority were discharged to a long-term rehabilitation center.
Only 6% of the ECMO discharges had a tracheostomy at discharge
compared to 38% in the MVA group. A greater percentage of MVA
patients were also discharged on supplemental oxygen.

Overall, complication rates were lower in the ECMO cohort.
Specifically, septic shock, ventilator associated pneumonia, inotropic
requirements, acute liver and kidney injuries were less frequent among
ECMO patients. Although stroke and bacteremia rates were similar in
both groups, ECMO patients had greater incidence of bleeding.

Many reports have now shown that COVID-19 patients are
prone to developing deep vein thrombosis, pulmonary emboli, and
strokes.!>!* The infection produces a hypercoagulable state as
evidenced by elevation in p-dimer levels.>!> Hypercoagulability is
also detrimental to the ECMO circuit as clots can hamper flows and
damage the oxygenator.!® As such, systemic anticoagulation was
started immediately after ECMO initiation. However, as anticoagu-
lation carried an increased risk of hemorrhage, significant bleeding
requiring transfusion therapy was noted more frequently in the
ECMO cohort. Most of the bleeding was gastrointestinal in origin,
and typically controlled by withholding anticoagulation for short
periods of time. Our transfusion rate, however, was similar to that of
the EOLIA trial group’s.’

Cannulation Technique, Extubation, and Patient
Mobilization on Ecmo

A single access, dual-stage right atrium to pulmonary artery
cannula was utilized for all ECMO patients. The advantages of this
technique have been described previously by Mustafa et al.” Numer-
ous studies have demonstrated that COVID-19 infections, ARDS,
and obesity, independently promote right ventricle (RV) failure.!”~2!
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Kaplan-Meier Survival Chart
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FIGURE 3. Survival Analysis. A, Kaplan-Meier Survival Chart. B, Mortality by Age Group. C, Mortality by BMI Group.

One of the main advantages of our cannulation technique is the
addition of right heart support. Furthermore, there is less mixing of
deoxygenated blood as the cannula’s inflow and outflow openings are
separated by the RV. The single access through the neck also

TABLE 3. Discharges

ECMO MVA RR

Discharges Patients  Patients 95% CI) P

Overall 54 (67.5) 21(263) 2.57(1.73-3.83) 0.001
Home 27 (50.0) 7 (33.3) 1.5 (0.77-291) 0.19
STR center 23 (42.6) 6(28.6) 1.49(0.71-3.14) 0.26
Home or STR 50 (92.6) 13 (61.9) 1.5 (1.06-2.11)  0.001
LTR center 4(74) 8 (38.1) 0.19 (0.07-0.58)  0.001
Supplemental oxygen 24 (44.4) 13 (61.9) 0.72 (0.46-1.12) 0.17
Tracheostomy 3 (5.6) 8 (38.1) 0.15 (0.04-0.5) 0.001

No. (%), (95% confidence interval).

© 2021 Wolters Kluwer Health, Inc. All rights reserved.

facilitates patient mobility once off the ventilator. Finally, we have
experienced minimal cannula-associated complications or revisions.

Prolonged mechanical ventilation with the need for high-dose
sedatives and patient immobility are associated with various com-
plications.>® Extubating patients while on ECMO mitigates these
issues and also averts ventilator-related airway trauma. Our experi-
enced teams of ICU nurses, physical and respiratory therapists, as
well as perfusionists led the mobilization efforts, and allowed the
patients to actively participate in their recovery. At discharge, ECMO
patients were in good physical condition with only a few requiring
long-term rehabilitation.

Study Limitations

Although the results of this study demonstrate significant
benefits of ECMO over MVA, it nonetheless remains a retrospective
analysis conducted in two major medical centers. As such, a future
multicenter study may allow for a greater generalizability of
our findings.
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CONCLUSIONS

In this propensity match analysis of patients with severe
COVID-19 respiratory failure, ECMO leads to a significant three-
fold improvement in survival compared to maximum ventilator
support alone. This survival benefit is consistent across all age
and BMI groups. ECMO patients are also in better physical state
at discharge with majority now home and fewer requiring long-term
rehabilitation. Major complications rates are also significantly lower
in the ECMO cohort. This is the first direct comparison between
these 2 groups of patients treated in the same hospitals, over the same
time frame, and with similar baseline characteristics.

It is important to note that ECMO does not directly contribute
to the recovery of lung function. Rather, it provides cardiopulmonary
support while the lungs continue to heal. We recognize that ECMO
requires specialized resources that are not readily available in every
medical center. However, when available, strong consideration
should be given for ECMO when mechanical ventilatory support
alone becomes insufficient in treating COVID-19 respiratory failure.

The authors thank all our brave medical staff who selflessly
took care of the patients.
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