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ABSTRACT

Objective: We sought to determine the influence of venovenous extracorporeal
membrane oxygenation (ECMO) on outcomes of mechanically ventilated patients
with COVID-19 during the first 120 days after hospital discharge.

Methods: Five academic centers conducted a retrospective analysis of mechani-
cally ventilated patients with COVID-19 admitted during March through May
2020. Survivors had access to a multidisciplinary postintensive care recovery clinic.
Physical, psychological, and cognitive deficits were measured using validated instru-
ments and compared based on ECMO status.

Results: Two hundred sixty two mechanically ventilated patients were compared
with 46 patients cannulated for venovenous ECMO. Patients receiving ECMO
were younger and traveled farther but there was no significant difference in gender,
race, or body mass index. ECMO patients were mechanically ventilated for longer
durations (median, 26 days [interquartile range, 19.5-41 days] vs 13 days [interquar-
tile range, 7-20 days]) and were more likely to receive inhaled pulmonary vasodila-
tors, neuromuscular blockade, investigational COVID-19 therapies, blood
transfusions, and inotropes. Patients receiving ECMO experienced greater bleeding
and clotting events (P< .01). However, survival at discharge was similar (69.6% vs
70.6%). Of the 217 survivors, 65.0% had documented follow-up within 120 days.
Overall, 95.5% were residing at home, 25.7% had returned to work or usual activity,
and 23.1% were still using supplemental oxygen; these rates did not differ signifi-
cantly based on ECMO status. Rates of physical, psychological, and cognitive deficits
were similar.

Conclusions: Our data suggest that COVID-19 survivors experience significant
physical, psychological, and cognitive deficits following intensive care unit admis-
sion. Despite a more complex critical illness course, longer average duration of me-
chanical ventilation, and longer average length of stay, patients treated with
venovenous ECMO had similar survival at discharge and outcomes within
120 days of discharge. (J Thorac Cardiovasc Surg 2022;-:1-10)
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Long-term outcomes of mechanically ventilated
COVID-19 survivors is unknown.
2

t

u

CENTRAL MESSAGE

COVID-19 survivors supported
with ECMO had a more complex
critical illness course but similar
survival and posthospitalization
cognitive, physical, and psycho-
logical deficits versus non-ECMO
patients.
PERSPECTIVE
COVID-19 dramatically increased the number of
critical illness survivors. The influence of ECMO
on posthospitalization outcomes of patients
with COVID-19–associated ARDS is unknown. In
this retrospective multi-institutional study,
COVID-19 patients supported with ECMO had
similar survival at discharge and rates of cognitive,
physical, and psychological deficits up to 120 days
postdischarge.
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FIGURE 1. Posthospitalization outcomes and the influence of extracorpo-

real membrane oxygenation (ECMO) on mechanically ventilated COVID-

19 survivors is unknown. ICU, Intensive care unit.

Abbreviations and Acronyms
ARDS ¼ acute respiratory distress syndrome
ECMO ¼ extracorporeal membrane oxygenation
ELSO ¼ Extracorporeal Life Support

Organization
ICU ¼ intensive care unit
ORACLE ¼ Outcomes and Recovery after COVID-

19 leading to ECMO
PICS ¼ postintensive care syndrome
PTSD ¼ posttraumatic stress disorder
VV ¼ venovenous
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 The role of extracorporeal membrane oxygenation (ECMO)

for patients with COVID-19 continues to evolve with our
knowledge of the virus and disease sequelae. The first re-
ported results of deploying ECMO in patients with
COVID-19 portended poor survival.1 However, subsequent
data describing the international experience in 1000 pa-
tients with COVID-19 who were cannulated based on early
conservative guidelines from the Extracorporeal Life Sup-
port Organization (ELSO) demonstrated an improved cu-
mulative mortality rate of 37.4% at 90 days following
cannulation.2 These updated findings suggested comparable
short-term outcomes to prepandemic ELSO registry data
that reported 40% in-hospital mortality associated with ve-
novenous (VV) ECMO for patients with acute respiratory
distress syndrome (ARDS).3 Although many are investi-
gating short-term results and indications for ECMO cannu-
lation, little is known regarding the posthospitalization
recovery trajectory for patients with COVID-19 who
required ECMO support (Figure 1).

Survivors of critical illness are at risk for ongoing
morbidity that persists after hospital discharge. These
long-term sequelae broadly captured under the term postin-
tensive care syndrome (PICS) include mental, physical, and
neurocognitive deficits that negatively influence quality of
life and recovery.4 Indeed, a recent systematic review of
more than 10,000 previously employed survivors of critical
illness reported only 36% had returned to work 1 year
later—whereas up to 84% experienced worsening employ-
ment status.5 Key features of PICS include impaired
emotional well-being manifested as anxiety, depression,
2 The Journal of Thoracic and Cardiovascular Surger
and posttraumatic stress disorder (PTSD) that can last for
years.6 Patients may also develop physical dysfunction,
including chronic pain and neuromuscular weakness7-11 in
addition to cognitive deficits in memory, language,
attention, and visual-spatial abilities.12,13

Whereas PICS in survivors of ARDS is well estab-
lished,6,14-16 there are limited long-term data focused on
survivors of VV-ECMO in general and survivors of
COVID-19 specifically. Available recovery data for VV-
ECMO survivors are largely limited to small, single-
center investigations and provide conflicting reports
regarding the influence of ECMO on posthospital out-
comes.16-20 The majority of survivors of critical illness
related to COVID-19 ARDS are at high risk for more than
1 impairment in cognitive, physical, or emotional health.
Heightened infection control parameters limit hands-on
care from providers, including physical and occupational
therapists. Restricted visits with family and loved ones
may promote feelings of isolation, emotional stress, and
delirium. In addition, the downstream effect of in-hospital
complications such as bleeding, clotting, stroke, and
concomitant infections in critical illness survivors of
COVID-19 are unknown. Protocolized follow-up as previ-
ously outlined by our group21 is a mechanism to define
the needs and optimize the recovery of survivors of
COVID-19–associated ARDS treated with ECMO.

The Outcomes and Recovery After COVID-19 Leading
to ECMO (ORACLE) group is a multidisciplinary collabo-
ration across 5 academic medical centers that aims to define
the recovery and ongoing needs of survivors of COVID–19-
associated ARDS requiring ECMO. The overarching goal
of the ORACLE multidisciplinary collaborative is to deter-
mine the influence of ECMO on long-term outcomes of me-
chanically ventilated patients with COVID-19. In this initial
report, we examined the recovery trajectory of mechani-
cally ventilated survivors of COVID-19 during the first
wave of the pandemic. We hypothesized that receipt of
y c - 2022



Patients with COVID-19, mechanically
ventilated, admitted March-May 2020, n = 308

University of Colorado
University of Kentucky
University of Virginia
Vanderbilt
Johns Hopkins

University of Colorado
University of Kentucky
University of Virginia

ECMO
n = 46

no ECMO
n = 262

Survivors, n = 217
ECMO
n = 32

no ECMO
n = 185

120-day follow up, n = 141
ECMO
n = 23

no ECMO
n = 118

Died in hospital, n = 91
ECMO
n = 14

no ECMO
n = 77

No follow up, n = 76
ECMO
n = 9

no ECMO
n = 67

FIGURE 2. Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) flow diagram depicting patients included in this retrospec-

tive analysis. ECMO, Extracorporeal membrane oxygenation.
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ECMO is associated with worse posthospitalization
outcomes.
METHODS
We conducted a retrospective analysis using data collected at 5 aca-

demic medical centers across the United States (University of Colorado,

University of Kentucky, University of Virginia, Johns Hopkins University,

and Vanderbilt University) representing the ORACLE multidisciplinary

collaborative.21 Participating sites use ELSO guidelines when considering

ECMO candidacy and employ specialized teams to manage patients

receiving ECMO.22 Each participating site has a recovery clinic after inten-

sive care unit (ICU) stay with a multidisciplinary team of providers,

including intensivists, pharmacists, physical and occupational therapists,

speech/language pathologists, psychologists, and physiatrists. These pro-

viders use validated instruments to assess functional, cognitive, and psy-

chological deficits (Table E1). The study was approved by the

institutional review board at each site and a waiver of informed consent

was granted (University of Colorado and all other sites: COMIRB#20-

0731, approved April 4, 2020).

Study investigators at each site performed a retrospective chart review of

all adult patients with COVID-19 admitted to the ICU during the first wave

of the pandemic fromMarch throughMay 2020. Eligible patientswere aged

18 years or older with documented COVID-19 infection. Patients who did

not require intubation andmechanical ventilationwere excluded. Datawere

available for all mechanically ventilated patients from 3 sites (University of

Colorado, University of Kentucky, and University of Virginia), whereas

data for patients cannulated for ECMO were collected at all 5 sites. Inves-

tigators collected patient demographic characteristics as well as clinical

parameters from the index ICU stay, including ventilator days, receipt

of vasoactive medications and investigational COVID-19 therapies,
The Journal of Thoracic and C
in-hospital complications, laboratory values collected at the time of intuba-

tion, length of stay, and discharge disposition. Additional data were

collected for patients supported on ECMO, including mechanically venti-

lated days before cannulation, type of ECMO, and total hours on ECMO.

Posthospitalization outcomes data were obtained by chart review of

documentation from the first clinical encounter during the 120 days

following hospital discharge. Metrics for measuring postdischarge mental,

physical, and cognitive dysfunction were guided by the Core ICUOutcome

Measurement Set designed for patients recovered from acute respiratory

failure using an International Modified Delphi Consensus Study.23 In

clinic, patients underwent anxiety, depression, and PTSD screening using

the following validated tools: General Anxiety Disorder-7 scale, Patient

Health Questionnaire, Hospital Anxiety and Depression Scale, and Impact

of Event Scale 6 or R. The Montreal Cognitive Assessment or Montreal

Cognitive Assessment Blind were used to measure cognitive impairment.

Scores on alternative metrics of mental or cognitive dysfunction adminis-

tered following discharge were recorded, when performed. Tests were

administered per clinician discretion based on the individual needs of

each patient at the time of clinic evaluation. Chart review was also used

to record current type of residence; current oxygen use; employment status;

and other diagnoses, including but not limited to critical illness neuromy-

opathy, acute stress disorder, PTSD, vocal cord dysfunction, and foot drop.

Data from all sites were combined for analysis. Patient demographic

characteristics and in-hospital characteristics, including survival at

discharge, were compared based on ECMO status using c2 tests for cate-

gorical variables and t tests or KruskalWallis tests for continuous variables.

For the subset of survivors who had available long-term outcomes data, the

incidence of mental, physical, and cognitive dysfunction as well as place of

residence and use of supplemental oxygen were assessed using c2 tests

based on ECMO status. The validated scales used to assess cognitive and

mental impairment were dichotomized into normal versus abnormal results
ardiovascular Surgery c Volume -, Number - 3
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consistent with clinical practice. Due to the small sample sizes in this

observational cohort, we have interpreted any P values> .05 as inconclu-

sive rather than nonsignificant. Analyses were performed using R software

(R Foundation for Statistical Computing, Vienna, Austria).

RESULTS
A total of 262 mechanically ventilated patients with

COVID-19 were compared with 46 mechanically ventilated
patients who were also cannulated for ECMO (Figure 2).
Characteristics of all mechanically ventilated COVID-19
patients based on ECMO status are summarized in
Table 1. Patients supported with ECMO were younger
(mean age, 48.5 vs 58.3 years; P< .001) and were trans-
ferred from greater distances to the hospital (mean distance,
24 vs 7 mi; P<.001). Those cannulated for ECMO were
TABLE 1. Demographic characteristics of mechanically ventilated patie

(ECMO) status

Characteristic

All comers (n ¼ 308)

ECMO (n ¼ 46) No ECMO (n ¼ 262)

Age (y) 48.5 � 11.3 58.3 � 15.2

Missing 0 0

Female sex 16 (34.8) 99 (37.8)

Missing 0 0

Race

Asian 2 (4.3) 20 (7.6)

Black 10 (21.7) 63 (24.0)

Other 14 (30.4) 90 (34.4)

White 20 (43.5) 89 (34.0)

Missing 0 0

Body mass index 33.7 � 7.8 32.5 � 9.8

Missing 0 2

Insured 30 (65.2) 212 (81.5)

Missing 0 2

Distance traveled (mi) 24.0 (9.2-50.8) 7.0 (3.0-39.0)

Missing 0 4

Diabetes 16 (34.8) 121 (46.9)

Missing 0 4

Cardiovascular disease 3 (6.5) 53 (20.5)

Missing 0 4

Hypertension 22 (47.8) 146 (56.8)

Missing 0 5

Chronic kidney disease 1 (2.2) 39 (15.2)

Missing 0 5

Liver disease 1 (2.2) 6 (2.3)

Missing 0 6

Obstructive sleep apnea 5 (10.9) 46 (18.6)

Missing 0 15

Interstitial lung disease 0 2 (0.8)

Missing 0 5

COPD 0 27 (10.5)

Missing 0 5

History of smoking 3 (7.3) 77 (33.5)

Missing 5 32

Values are presented as mean � SD, n (%), median (interquartile range), or n. COPD, Ch

4 The Journal of Thoracic and Cardiovascular Surger
less likely to have underlying cardiovascular disease, renal
disease, chronic obstructive pulmonary disease, or a history
of smoking (P<.05 for all).

During the hospitalization, ECMO patients were me-
chanically ventilated for longer durations (median,
26 days; interquartile range [IQR], 19.5-41 vs 13 days;
IQR, 7-20 days; P<.001). Median ventilator days before
cannulation were 5.7 � 3 days and patients spent a median
of 299 hours on ECMO (IQR, 197.5-475.5 hours). PaO2 on
admission to the ICU was significantly lower in ECMO pa-
tients (73 vs 88 mm Hg; P ¼ .002). All patients receiving
ECMO were cannulated for VV-ECMO. Patients receiving
ECMO were more likely to receive inhaled pulmonary va-
sodilators (69.6% vs 19.5%; P < .001), neuromuscular
nts with COVID-19 based on extracorporeal membrane oxygenation

Survivors (n ¼ 217)

P value ECMO (n ¼ 32) No ECMO (n ¼ 185) P value

<.001 47.8 � 12.0 55.5 � 14.5 .005

0

.82 12 (37.5) 75 (40.5) .90

0 0

.60 .58

2 (6.2) 12 (6.5)

5 (15.6) 50 (27.0)

12 (37.5) 60 (32.4)

13 (40.6) 63 (34.1)

0 0

.44 33.8 � 8.5 33.2 � 8.9 .72

0 2

.021 21 (65.6) 146 (79.8) .12

0 2

<.001 23.5 (8.8-50.2) 7.0 (3.2-45.0) .019

0 3

.17 11 (34.4) 81 (44.0) .41

0 1

.04 0 35 (18.9) .015

0 0

.33 12 (37.5) 103 (56) .082

0 1

.031 1 (3.1) 24 (13.0) .19

0 0

1.00 1 (3.1) 2 (1.1) .93

0 1

.29 3 (9.4) 33 (19.0) .30

0 11

1.00 0 0 1.00

0 1

.043 0 16 (8.7) .17

0

.001 2 (6.5) 49 (29.0) .015

1 16

ronic obstructive pulmonary disease.
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blockade (93.5% vs 46.4%; P < .001), investigational
COVID-19 therapies (89.1% vs 64.6%; P ¼ .002), blood
transfusions (80.4% vs 31.2%; P< .001), and inotropes
(32.6% vs 11.9%; P < .001). Patients receiving ECMO
experienced higher rates of coinfection (84.8% vs 58.1%;
P ¼ .001), including bacteremia and pneumonia as well
as greater bleeding (52.2% vs 15.8%; P<.001) and clot-
ting (58.7% vs 22.9%; P< .001) complications. Receipt
of ECMO was associated with a longer length of stay (me-
dian, 36 days [IQR, 26-53 days] vs median, 25 days [IQR,
16-35 days]; P < .001). Despite discrepancies in in-
hospital complications, there was no difference in the per-
centage of patients who survived to discharge (32 out of
46 receiving ECMO [69.6%] vs 185 out of 262 without
ECMO [70.6%]). Nearly half (13 out of 32 [41.9%]) of
ECMO survivors were discharged home. Characteristics
of the hospital stay for mechanically ventilated patients
with COVID-19 are described in Table 2.

Similar demographic trends were observed in a sensi-
tivity analysis restricted to survivors (Table 2). Again,
ECMO survivors were younger (mean age, 47.8 vs
55.5 years: P ¼ .005), and traveled farther (median, 23.5
vs 7 mi; P ¼ .019). ECMO survivors also experienced a
more complex hospital course with increased use of adjunc-
tive therapies and higher rate of complications. Number of
days requiring mechanical ventilation (median, 28 days
[IQR, 18-44 days] vs 13 days [IQR, 7-20 days]) and length
of stay (median, 37 days [IQR, 31-56 days] vs 26 days [IQR,
18-35 days]) were significantly longer in ECMO survivors
(P<.001 for both).

Of the 217 survivors, 141 (65.0%) had documented
clinic follow-up within 120 days of discharge (Table 3).
At the time of follow up, 95.5% were residing at home,
25.7% had returned to work or usual activity, and
23.1% were still using supplemental oxygen. Cognitive
assessment was performed in 60 survivors. The burden
of cognitive dysfunction was high; 87.5% of the ECMO
cohort had an abnormal cognitive test compared with
59.6% in the ventilated-only cohort. In patients who
were screened for depression, anxiety, or PTSD, 33.3%
screened positive. One in 3 patients with follow-up had
spirometry completed with abnormal forced expiratory
volume, total lung capacity, or diffusing capacity reported
in 44.9%, 53.5%, and 36.4% of those tested, respectively.
The overall rate of reported ICU-acquired weakness or
critical illness neuromyopathy was 44.7%. Of the 60 sur-
vivors with follow-up who were tested, 96.7% had an
abnormal 6-minute walk distance. High rates of patients
in both groups (87.5% ECMO vs 95.7% non-ECMO)
had at least 1 recommended intervention consisting of a
medication adjustment, pulmonary rehabilitation, physical
or occupational therapy, cognitive retraining, psychiatry,
or other specialty referral.
The Journal of Thoracic and C
DISCUSSION
InMarch 2020 as the COVID-19 pandemic was emerging

in the United States, critical care teams across the country
were faced with unprecedented challenges. Resource allo-
cation was forced to pivot and focus on a sudden and over-
whelming increase in critically ill patients filling ICUs. In
deciding whether or not to offer VV-ECMO to patients
failing mechanical ventilation, a number of concerns arose
beyond questions of survival. In a resource-limited environ-
ment, how are we going to decide who to treat, when to
treat, and when to stop? Intubated and paralyzed, patients
were unable to advocate for themselves. Family members
were prohibited to visit and over the telephone they asked
if it was realistic to hope that their family member would
regain meaningful quality of life. At the time, we could
only confess that we did not know for sure. Striving to
find answers to these questions was the impetus for forming
ORACLE.
In this retrospective, observational study, survivors of

COVID-19 who required mechanical ventilation experience
significant deficits following ICU admission (Figure 3). Pa-
tients who failed mechanical ventilation and were also
treated with VV-ECMO based on ELSO guidelines during
the first wave of the pandemic had a more complex critical
illness course, longer average duration of mechanical venti-
lation, and longer average length of stay, but similar sur-
vival at discharge and similar outcomes 120 days
thereafter. Although these findings are encouraging, rates
of PICS were high in all study patients; providers evaluating
patient candidacy for ECMO should be informed of postho-
spitalization sequelae beyond mortality.
It is important to review our findings in the context of 2

multicenter randomized, controlled trials, Conventional
Ventilatory Support Versus Extracorporeal Membrane
Oxygenation for Severe Adult Respiratory Failure (CE-
SAR) and ECMO to Rescue Acute Lung Injury in Severe
ARDS Study (EOLIA), which offer pre–COVID-19 mortal-
ity data for ECMO in patients with severe ARDS.24,25 The
CESAR trial advocates for transfer to an ECMO center for
adults with severe but potentially reversible respiratory fail-
ure based on improved 6-month survival without severe
disability (63% vs 47%). However, enthusiasm for these
results has been tempered by methodologic concerns,
including lack of control group standardization. Subsequent
investigation in the EOLIA trial failed to demonstrate a sig-
nificant benefit in 60-day mortality for patients supported
with ECMO compared with conventional mechanical venti-
lation but there was significant crossover of patients into the
ECMO group. A recent meta-analysis combining data from
these 2 trials demonstrated improved 90-day mortality asso-
ciated with ECMO (36% vs 48%; P ¼ .013). Furthermore,
at 60 days postrandomization, ECMO was associated with
increased number of days out of the ICU as well as days
ardiovascular Surgery c Volume -, Number - 5



TABLE 2. Hospitalization characteristics of mechanically ventilated patients with COVID-19 based on extracorporeal membrane oxygenation

(ECMO) status

Characteristic

All comers (n ¼ 308) Survivors (n ¼ 217)

ECMO (n ¼ 46) No ECMO (n ¼ 262) P value ECMO (n ¼ 32) No ECMO (n ¼ 185) P value

Days intubated 26 (19.5-41.0) 13 (7-20) <.001 28 (18-44) 13 (7-20) <.001

Missing 3 8 3 5

Days intubated pre-ECMO 5.7 � 3.0 – 5.5 � 3.1 –

Missing 0 0

ECMO hours 299.0 (197.5-475.5) – 266.5 (192.0-390.0) –

Inotropes 15 (32.6) 31 (11.9) <.001 5 (15.6) 9 (4.9) .061

Missing 0 2 0 2

Vasopressors 45 (97.8) 231 (88.2) .086 31 (96.9) 157 (84.9) .12

Missing 0 0 0 0

Inhaled pulmonary

vasodilators

32 (69.6) 51 (19.5) <.001 24 (75.0) 20 (10.8) <.001

Missing 0 0 0 0

Neuromuscular blockade 43 (93.5) 121 (46.4) <.001 30 (93.8) 67 (36.4) <.001

Missing 0 1 0 1

Investigational COVID-19

therapy

41 (89.1) 168 (64.6) .002 29 (90.6) 128 (69.9) .027

Missing 0 2 0 2

Blood transfusion 37 (80.4) 81 (31.2) <.001 25 (78.1%) 46 (25.1) <.001

Missing 0 2 0 2

Bleeding complication 24 (52.2) 41 (15.8) <.001 13 (40.6) 26 (14.2) <.001

Missing 0 2 0 2

Clotting complication 27 (58.7) 60 (22.9) <.001 21 (65.6) 43 (23.2) <.001

Missing 0 0 0 0

Infectious complication 39 (84.8) 151 (58.1) .001 26 (81.2) 108 (59.0) .028

Missing 0 2 0 2

Acute kidney injury 32 (69.6) 165 (63.0) .49 23 (71.9) 101 (54.6) .10

Missing 0 0 0 0

Stroke 5 (10.9) 17 (6.5) .46 1 (3.1) 9 (4.9) 1.00

Missing 0 2 0 2

Delirium 33 (71.7) 159 (61.2) .23 28 (87.5) 131 (71.6) .094

Missing 0 2 0 2

ICU admit PaO2 73 (61-102) 88 (71-123) .002 76 (64-102) 92 (73-123) .020

Missing 1 5 1 3

Length of stay (d) 36 (26-53) 25 (16-35) <.001 37 (31-56) 26 (18-35) <.001

Missing 9 58 1 2

Received inpatient therapy 35 (76.1) 130 (50.0) .002 32 (100.0) 126 (68.9) <.001

Missing 0 2 0 2

Alive at discharge 32 (69.6) 185 (70.6) 1.00 – –

Discharged location

Home 13 (41.9) 93 (52.2) .39 13 (41.9) 93 (52.5) .34

Acute rehab 14 (45.2) 51 (28.7) .11 14 (45.2) 50 (28.2) .10

SNF 1 (3.2) 13 (7.3) .65 1 (3.2) 13 (7.3) .72

LTAC 3 (9.7) 14 (7.9) 1.00 3 (9.7) 14 (7.9) .95

Missing 1 14 1 8

Values are presented as mean � SD, n (%), median (interquartile range), or n. ICU, Intensive care unit; SNF, skilled nursing facility; LTAC, long-term acute care facility.
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without vasopressor support, renal replacement therapy, or
neurologic failure.26

This is the largest multicenter analysis to date
comparing posthospitalization outcomes of patients with
6 The Journal of Thoracic and Cardiovascular Surger
COVID-19 requiring mechanical ventilation and
VV-ECMO support. Of survivors with documented
follow-up at 4 months, 95.5% were living at home, but
in this early posthospitalization period only one-quarter
y c - 2022



TABLE 3. One hundred twenty-day follow-up outcomes of mechanically ventilated COVID-19 survivors based on extracorporeal membrane

oxygenation (ECMO) status (N ¼ 140)

Outcome ECMO (n ¼ 23) No ECMO (n ¼ 118) Total P value

Living at home .81

Yes 15 (100) 91 (94.8) 106 (95.5)

No 0 5 (5.2) 5 (4.5)

Test not performed 8 22 30

Back to work or usual activity .82

Yes 3 (20.0) 25 (26.6) 28 (25.7)

No 12 (80.0) 69 (73.4) 81 (74.3)

Test not performed 8 24 32

Requiring supplemental oxygen .79

Yes 3 (17.6) 24 (24.0) 27 (23.1)

No 14 (82.4) 76 (76.0) 90 (76.9)

Test not performed 6 18 24

6-min walk 1.00

Normal 0 2 (3.7) 2 (3.3)

Abnormal 6 (100.0) 52 (96.3) 58 (96.7)

Test not performed 17 64 81

Spirometry

Normal forced expiratory volume 2 (33.3) 25 (58.1) 27 (55.1) .480

Abnormal forced expiratory volume 4 (66.7) 18 (41.9) 22 (44.9)

Test not performed 17 75 92

Normal total lung capacity 3 (50.0) 17 (45.9) 20 (46.5) 1.00

Abnormal total lung capacity 3 (50.0) 20 (54.1) 23 (53.5)

Test not performed 17 81 98

Normal diffusing capacity 4 (66.7) 24 (63.2) 28 (63.6) 1.00

Abnormal diffusing capacity 2 (33.3) 14 (36.8) 16 (36.4)

Test not performed 17 80 97

Cognitive dysfunction .26

Yes 7 (87.5) 31 (59.6) 38 (63.3)

No 1 (12.5) 21 (40.4) 22 (36.7)

Test not performed 15 66 81

Depression/anxiety/PTSD .13

Yes 1 (10.0) 9 (45.0) 10 (33.3)

No 9 (90.0) 11 (55.0) 20 (66.7)

Test not performed 13 98 111

Critical illness neuromyopathy .42

Yes 8 (34.8) 55 (46.6) 63 (44.7)

No 15 (65.2) 63 (53.4) 78 (55.3)

Test not performed 0 0 0

Intervention recommended .46

Yes 14 (87.5) 89 (95.7) 103 (94.5)

No 2 (12.5) 4 (4.3) 6 (5.5)

Test not performed 7 25 32

Values are presented as n (%) or n. PTSD, Posttraumatic stress disorder.
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were back to work or usual activity and significant impair-
ments associated with PICS were identified. More than
half of patients who underwent cognitive assessment after
mechanical ventilation and ECMO for COVID-19–
associated ARDS reported cognitive dysfunction, with
higher rates in the ECMO cohort. Depression, anxiety,
or PTSD were less frequently screened for but present in
one-third of those tested. ICU-acquired weakness was pre-
sent in one-half of survivors and nearly all of the survivors
The Journal of Thoracic and C
who were assessed had an abnormal 6-minute walk dis-
tance. One-quarter of patients still required supplemental
oxygen and nearly half of those tested had abnormal
spirometry. These data help providers, patients, and fam-
ilies begin to understand the potential extended sequelae
of this critical illness.
We recall during the first COVID-19 pandemic wave that

several questioned the use of ECMO because of increased
manpower, equipment, and hospital bed utilization. Based
ardiovascular Surgery c Volume -, Number - 7



Early Post-Hospitalization Recovery after ECMO and Mechanical Ventilation in Survivors of COVID-19

ECMO-extracorpreal membrane oxygenation
COVID-19-coronavirus-19
ICU-intensive care unit

217 SURVIVORS

185 No ECMO (71%)
Median stay 37 days

32 ECMO (70%)
Median stay 56 days

120-DAY OUTCOMES

118 No ECMO (64%)

21 ECMO (66%)

ECMO Patients are
Significantly Younger with

Fewer Comorbidities

Implications: Patients with COVID-19 treated with ECMO v. mechanical ventilation only experience
significant deficits and overall similar early post-hospitalization recovery

ECMO Patients have a
Significantly More Complicated

ICU course
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• lnvestigational COVID therapy
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308 PATIENTS WITH COVID-19
March-May 2020

262 No ECMO
46 ECMO

3 sites
No ECMO + ECMO

+ 2 sites
 ECMO only

Survivors are Similar with
Significant Deficits

• 95% At home
• 25% Back to work or usual activity
• 23% Requiring oxygen

9 of 10 survivors require interventions:
• Medication change
• Pulmonary rehabilitation
• Physical or occupational therapy
• Cognitive retraining
• Psychiatry
• Other specialty referral

When assessed:
• 30-60% Cognitive, Depression/
  Anxiety/Stress Disorder
• 30-60% Abnormal Spirometry
• 97% Abnormal 6-minute walk test

FIGURE 3. This retrospective multisite study examines posthospitalization outcomes for critically ill patients with COVID-19 with and without the sup-

port of extracorporeal membrane oxygenation (ECMO). Multi-institutional retrospective analysis suggests no significant difference in survivors 120 days

after hospital discharge based on ECMO status. ICU, Intensive care unit.
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on these concerns, ELSO issued a consensus of conserva-
tive guidelines for use. All 5 centers in this study participate
in ELSO and followed the early recommendations; as ex-
pected, the first wave of patients receiving ECMO were
younger with few comorbidities. It is notable that despite
a more complex in-hospital course, patients who were
selectively treated with ECMO and survived did not show
substantially worse outcomes at four months compared
with survivors who did not receive ECMO. Our findings
build upon work by Sylvestre and colleagues20 who inter-
viewed 40 survivors of critical illness with ARDS up to
2 years following discharge. The authors report similarly
high rates of cognitive dysfunction (55% vs 56%),
moderate-to-severe depression symptoms (36% vs 39%),
and moderate-to-severe anxiety symptoms (55% vs 44%)
in patients who did and not receive ECMO, respectively.

This multidisciplinary multisite observational study pro-
poses a mechanism to collect measures of PICS in ECMO
survivors. Measuring the posthospitalization influence of
COVID-19–associated critical care interventions such as
ECMO has been identified as a research priority in the
8 The Journal of Thoracic and Cardiovascular Surger
Surviving Sepsis Campaign COVID-19 Guidelines.27

Whereas prior research suggests measurable benefit of
multidisciplinary post-ICU follow-up on mental out-
comes,28 a minority of patients receive comprehensive post-
sepsis care and there is high variability regarding patient
eligibility for clinic referral and follow-up patterns.29,30

Our study highlights the intrinsic value of a multidisci-
plinary post-ICU clinic tailored to address pulmonary reha-
bilitation and deficits associated with PICS. Although more
than 90% of patients were residing at home at the time of
clinic follow-up, rates of continued oxygen requirement,
and cognitive and emotional dysfunction were high. Addi-
tional longer-term prospective data are needed to determine
whether or not timely diagnosis and therapy to address these
deficits can optimize the recovery of survivors and improve
rates of return to work and normal activities.

Our study has several limitations. Although the cohort
included patients from 5 institutions across the United
States, this was a retrospective observational study with
inherent limitations. Care of patients with COVID-19 and
posthospitalization assessments were performed during a
y c - 2022



Taylor et al Mechanical Circulatory Support
time when the health care system in this country was expe-
riencing unprecedented stressors. We did not have sufficient
sample size to explore site-level variation in outcomes. Pa-
tients supported with VV-ECMO had failed mechanical
ventilation so were measurably sicker compared with their
counterparts who were not cannulated and systematically
different in that they were selected for ECMO based on
ELSO criteria. In addition, approximately two-thirds of sur-
vivors participated in post-ICU follow-up, which inherently
biases a group with health insurance, with the means for
transportation and living within driving distance of a med-
ical center. The prevalence of PICS deficits was high in
both groups, which may have limited between-group com-
parisons and there is likely an ascertainment bias in terms of
which patients received testing to evaluate for cognitive and
mental impairment. Finally, at this time we do not have data
regarding cost-effectiveness of ECMO for patients with
COVID-19–associated ARDS, which represents an impor-
tant consideration in determining the overall cost, risk,
and/or benefit of ECMO.
M
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CONCLUSIONS
Our study demonstrated significant physical, psycholog-

ical, and cognitive deficits at 4 months following
COVID-19–associated critical illness. However, ECMO
support directed by early ELSO guidelines in specialized
centers was not associated with worse survival or posthospi-
talization outcomes compared with other ICU survivors. As
many are doing, these data may prompt ongoing adjust-
ments of cannulation criteria. However, further investiga-
tion with a prospective trial is needed to better understand
posthospitalization outcomes and mitigate the influence of
PICS in survivors treated with ECMO. The ORACLE
research collaborative is actively working on gathering
data for a larger cohort with extended follow-up to 1-year
postdischarge. Post-ICU recovery clinics offer a unique op-
portunity for ongoing assessment of critical illness survi-
vors and may be harnessed to gather long-term data for a
broader cohort of cardiothoracic surgical patients while
simultaneously offering coordinated multidisciplinary eval-
uation and physical, psychological, and cognitive therapies
to maximize the recovery of survivors of critical illness.
Webcast
You can watch a Webcast of this AATS meeting presenta-
tion by going to: https://aats.blob.core.windows.net/
media/21%20AM/AM21_A17/AM21_A17_05a.mp4.
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Discussion
Presenter: Lauren Taylor, MD

Dr Scott Silvestry (Orlando, Fla). I
would like to ask Dr Taylor about the ef-
forts for data collection. Have theOracle
Consortium got together and what data
they were collecting? The anecdote for
a lot of this is data. If we don’t take
the initiative to type the virus and we
ry c - 2022
don’t take the initiative to see what hap-

pens to our survivors, then we won’t have good answers for
the next and the next, and the next. Are there ongoing efforts
for data collection through the Oracle Consortium?

Dr Lauren Taylor (Colorado Springs,
Colo). Thank you for your question.
Yes, data collection is ongoing. We
have thesemultidisciplinary post-inten-
sive care unit recovery clinics. They are
at various states of, I’d say, thorough-
ness, at various institutions. For

example, at Vanderbilt, clinics had
been going for quite some time before the pandemic. At
our institution, University of Colorado, the pandemic was
an impetus to get these clinics going. At this point, we’re
working on creating an actual in-person multidisciplinary
clinic where we can have more of an organized data collec-
tion for these long-term outcomes for patients. Right now
we’re approaching the time where we can get the 1-year
follow-up for these patients, which will give us important in-
formation in terms of whether these clinics actually have any
meaningful influence on the long-term recovery of critically
ill patients and COVID-19 patients in particular.
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TABLE E1. Validated instruments used to assess posthospitalization recovery outcomes by site

Recovery

outcome Functional

General

health Cognitive Dyspnea Depression PTSD Anxiety

Instrument 6-min walk

test (m)

EQ5D-5L MoCA

blind

or MoCA

MRC Dyspnea

Score or Borg

Dyspnea Score

HADS, or PHQ-9,

or PROMIS

PCL-5, or IES-R,

or IES-6

GAD-7,

or PROMIS,

or HADS

Site All sites Colorado

Kentucky

Hopkins

Virginia

All sites All sites All sites All sites All sites

PTSD, Posttraumatic stress disorder; EQ5D, European Quality of Life Five Dimension;MoCA, Montreal Cognitive Assessment;MRC, Medical Research Council; HADS, Hos-

pital Anxiety and Depression Scale; PHQ-9, Patient Health Questionnaire 9; PROMIS, patient-reported outcomes measurement information system; PCL-5, Post-traumatic stress

disorder checklist 5; IES-R, Impact of Event Scale Revised; IES-6, Impact of Event Scale 6; GAD-7, Generalized Anxiety Disorder 7.
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