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One-Year Functional, Cognitive, and
Psychological Outcomes Following the Use
of Extracorporeal Membrane Oxygenation
in Coronavirus Disease 2019: A Prospective

Study

OBIJECTIVES: To prospectively describe 1-year outcomes, with a focus on func-
tional outcome, cognitive outcome, and the burden of anxiety, depression, and
post-traumatic stress disorder, in coronavirus disease 2019 patients managed
with extracorporeal membrane oxygenation.

DESIGN: Prospective case series.
SETTING: Tertiary extracorporeal membrane oxygenation center in the United States.

PATIENTS: Adult coronavirus disease 2019 acute respiratory distress syndrome
patients managed with extracorporeal membrane oxygenation March 1, 2020, to
July 31, 2020.

INTERVENTIONS: Baseline variables, treatment measures, and short-term out-
comes were obtained from the medical record. Survivors were interviewed by tel-
ephone, a year following the index intensive care admission. Functional outcome
was assessed using the modified Rankin Scale and the World Health Organization
Disability Assessment Scale 2.0. Cognitive status was assessed with the 5-minute
Montreal Cognitive Assessment. The Hospital Anxiety and Depression Scale was
used to screen for anxiety and depression. Screening for post-traumatic stress dis-
order was performed with the Posttraumatic Stress Disorder Checklist 5 instrument.

MEASUREMENTS AND MAIN RESULTS: Twenty-three patients were man-
aged with extracorporeal membrane oxygenation, 14 (61%) survived to hospital
discharge. Thirteen (57%) were alive at 1 year. One patient was dependent on
mechanical ventilation, another intermittently required supplemental oxygen at 1
year. The median modified Rankin Scale score was 2 (interquartile range, 1-2),
median World Health Organization Disability Assessment Scale 2.0 impairment
score was 21% (interquartile range, 6—-429%). Six of 12 previously employed indi-
viduals (50%) had returned to work, and 10 of 12 (83%) were entirely independent
in activities of daily living. The median Montreal Cognitive Assessment score was
14 (interquartile range, 13—14). Of 10 patients assessed with Hospital Anxiety and
Depression Scale, 4 (40%) screened positive for depression and 6 (60%) for anx-
iety. Four of 10 (40%) screened positive for post-traumatic stress disorder.

CONCLUSIONS: Functional impairment was common a year following the use
of extracorporeal membrane oxygenation in coronavirus disease 2019, although
the majority achieved independence in daily living and about half returned to work.
Long-term anxiety, depression, and post-traumatic stress disorder were common,
but cognitive impairment was not.

KEY WORDS: acute respiratory distress syndrome; cognitive impairments;
coronavirus disease 2019; extracorporeal membrane oxygenation; functional
dependence; post-traumatic stress disorder
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Rajajee et al

s of June 2021, it is estimated that over 177 mil-
Alion patients have developed coronavirus di-

sease 2019 (COVID-19) worldwide and over 3.8
million patients have died (1). COVID-19 patients with
acute respiratory distress syndrome (ARDS) and respira-
tory failure refractory to conventional measures may be
supported with extracorporeal membrane oxygenation
(ECMO). The Extracorporeal Life Support Organization
(ELSO) has published guidelines for the use of ECMO in
COVID-19(2).AsystematicreviewpriortotheCOVID-19
pandemic concluded that ECMO decreases mortality in
ARDS (3); however, cost-efficacy is likely dependent on
long-term outcomes in the specific population receiving
the intervention (4). The role of ECMO in the COVID-
19 pandemic has been a matter of debate. An early re-
port from China suggested a very low survival rate (1/6,
17%) with the use of ECMO (5). Subsequent reports
have demonstrated higher rates of short-term survival,
at 39-67% (6-10). A multicenter study of 132 patients
from Europe revealed 6-month survival of 47% (11).
Persistent impairment in respiratory function (12), in
addition to neurologic complications (13), maylimitlong-
term functional recovery following COVID-19-related
ARDS. Survivors of critical illness are at risk for the Post-
Intensive Care Syndrome (PICS), with long-term cogni-
tive, functional, and psychologic impairments (14-17).
Long-term PICS data in the COVID-19 ECMO popula-
tion is critical for appropriate patient selection, informed
counseling of families, accurate analyses of cost-efficacy,
and understanding the true burden of disease. No stud-
ies, to our knowledge, have yet reported 1-year ECMO
outcomes in COVID-19 ARDS.

Our objective was to prospectively describe 1-year
outcomes, with a focus on functional outcome, cogni-
tive outcome, and the burden of anxiety, depression, and
post-traumatic stress disorder (PTSD), in COVID-19
patients managed with ECMO at our institution.

METHODS

This is a prospective case series. Approval of the
Institutional Review Board ofthe University of Michigan
Medical School was obtained (HUMO00187958). A par-
tial HIPA A waiver was granted to access the electronic
medical record to screen for eligibility and contact
patients for potential participation. Eligible patients
or legally authorized representatives (LARs) were
contacted by telephone and verbal informed consent
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obtained after subjects reviewed a consent form sent
to them by e-mail. All adult (age > 18 yr) patients with
COVID-19-induced ARDS managed with ECMO
March 1, 2020, to July 31, 2020, at our institution were
eligible. Patients met the Berlin definition of ARDS (18).
The diagnosis of COVID-19 was based on appropriate
symptoms (19) and a positive reverse transcriptase
polymerase chain reaction test. Information related to
the index admission was obtained through electronic
data capture supplemented by manual review and ab-
straction. This included demographics, physiologic
variables, laboratory values, therapeutic measures,
neurologic complications, and short-term outcomes.
Neurologic complications included delirium, acute
ischemic stroke, intracranial hemorrhage, hypoxic/
ischemic brain injury, seizures, and severe (less than
antigravity power while briskly following commands)
neuromuscular weakness of any cause. Short-term
outcome measures included inhospital mortality, du-
ration of mechanical ventilation, duration of ECMO,
ICU length of stay (LOS), and discharge location.
Long-term outcomes were obtained through tele-
phone interview of survivors between April 23, 2021,
and May 31, 2021. The primary author (V.R.), who
is certified in the administration of modified Rankin
Scale (mRS) and Montreal Cognitive Assessment
(MoCA), conducted the interviews. Information was
obtained on the need for supplemental oxygen, other
respiratory support, readmissions, and the use of in-
patient rehabilitation services after the index admis-
sion. Functional outcome was determined using the
12-item version of the World Health Organization
(WHO) Disability Assessment Scale 2.0 (WHODAS
2.0) applicable to a 1-month period prior to the inter-
view (20) and the mRS using the mRS 9Q question-
naire (21, 22). The WHODAS 2.0 is the scale used by
the WHO for reporting of long-term disability follow-
ing COVID-19 (23). It measures disability across six
domains—cognition, mobility, self-care, interpersonal
relationships, work/household roles, and participation
in society—which can be administered via telephone,
has been validated concurrently against multiple other
measures of functional impairment, and has been used
in a variety of conditions such as PICS, psychiatric di-
sease, trauma, surgery, neurologic illness, and chronic
disease (16, 20, 24-28). A multidisciplinary group
comprising representatives of the international ECMO
network and the ELSO recently recommended the mRS
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as the most appropriate long-term disability meas-
urement tool in patients managed with ECMO (29).
Cognitive outcome was determined with the 5-mi-
nute MoCA instrument, which has been validated for
telephone use (30). Screening for anxiety and depres-
sion was performed using the Hospital Anxiety and
Depression Scale (HADS), with a score of 11 or above
in either the depression or anxiety components consid-
eredabnormaland8,9,0r 10 considered borderline (31).
The Society of Critical Care Medicine recently pro-
vided strong recommendations for the use of MoCA
to screen for long-term cognitive impairment and the
use of HADS to screen for long-term psychologic well-
being after critical illness, regardless of etiology (15).
Screening for PTSD was performed with the Diagnostic
andStatisticalManualofMental Disorders, FifthEdition’s
Posttraumatic Stress Disorder Checklist (PCL-5)
for the 1-month period prior to the interview (32).
A PCL-5 score greater than 30 indicates potential
benefit from treatment of PTSD. The PCL is the most
well-established screening measure for detecting
PTSD following any potential adverse event and has
shown good reliability and concurrent validity with
other measures of PTSD in post-ICU patients (33).
Free-response statements from subjects regarding their
ability to function and quality of life were recorded.

ECMO: Patient Selection and Management
Protocol

COVID-19 patients with ARDS were considered for
venovenous ECMO if they met the following criteria—
persistent severe hypoxemia despite maximal mechan-
ical ventilation and rescue approaches and no absolute
contraindications present. Contraindications included
irreversible pulmonary disease, severe multiple organ
failure, severe comorbidities, contraindication to anti-
coagulation, and anoxic brain injury. In addition to
low tidal volume high positive end-expiratory pressure
(PEEP) ventilation, all patients with COVID-19-in-
duced ARDS were managed with deep sedation, prone
position, neuromuscular blockade, fluid restrictive
therapy with liberal use of diuretics, and renal replace-
ment therapy for acute kidney injury prior to consider-
ation for venovenous ECMO. Venoarterial ECMO was
performed for patients with cardiovascular collapse
or cardiogenic shock with no absolute contraindica-
tions present. All patients received therapeutic anti-
coagulation while on ECMO. Survivors who chose to
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follow-up at our institution were seen at a post-ICU
clinic staffed by two of the authors—a pulmonary crit-
ical care specialist (J.I.M.) and a rehabilitation neuro-
psychologist (K.S.S.).

Statistical Analysis

Descriptive statistics were calculated using proportions
for categorical variables and median with interquartile
range (IQR) for continuous variables. Associations be-
tween variables and outcomes of interest were tested
using the chi-square or Fisher exact test for catego-
rical variables and the Mann-Whitney U test for con-
tinuous variables. Correlation between continuous
variables and WHODAS-2.0 scores was examined
using Spearman rank correlation (p), with 95% CIL.
The threshold for statistical significance was a two-sided
p value of less than 0.05. Subjects with missing data
were excluded from the specific analysis performed.
Analysis was not performed when greater than 20%
of subjects had missing data. Statistical analyses were
performed using MedCalc for Windows, Version 20.0
(MedCalc Software, Ostend, Belgium).

RESULTS

A flow diagram of the 236 mechanically ventilated
patients admitted to our institution between March 1,
2020, and July 31, 2020, is in Figure S1 (Supplement,
http://links.lww.com/CCX/A788). Of these, 23 (9.7%)
were managed with ECMO. Four (17%) of these 23
were admitted through the emergency department and
19 (83%) admitted directly to inpatient units. The me-
dian age was 47 years (IQR, 37-52 yr), 18 (35%) were
female. The median Pao_/F1o, (P/F) ratio on 96 mm
Hg (IQR, 71-133 mm Hg) at admission and 69 mm Hg
(IQR, 57-79 mm Hg) immediately prior to initiation of
ECMO. Twenty (87%) underwent venovenous ECMO
and 3 (13%) venoarterial ECMO. Median ICU LOS
was 47 days (IQR, 24-54 d). Baseline variables are in
Table 1, respiratory status and support provided are in
Table 2. Therapeutic interventions and inhospital out-
comes of all patients are in Table 3. Eight patients died
(35%) while on ECMO, including two of three patients
(67%) on venoarterial ECMO and six of 20 (30%) on
venovenous ECMO. For the two venoarterial ECMO
patients, comfort care was initiated within 24 hours of
cannulation for severe multiple organ failure. Of the
six patients who died while on venovenous ECMO,
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TABLE 1.
Distribution of Baseline and Inhospital Variables

Alive at
All Patients, Dead at Discharge, Discharge,
Variable n=23 n=9 n=14
Age, yr, median (IQR) 47 (37-52) 49 (40-56) 41 (30-52) 0.21
Sex female, n (%) 18 (35) 2 (22) 6 (43) 0.32
Race, n (%) 0.12
Black 14 (61) 4 (44) 10 (71)
White 7 (30) 3 (33) 4 (29)
Hispanic 2 (9) 2 (22) 0 (0)
Ethnicity Hispanic, n (%) 2 (9) 2 (22) 0 (0) 1.00
Body mass index, kg/m?, median (IQR) 33 (27-37) 29 (27-34) 34 (30-38) 0.23
Charlson comorbidity index, median (IQR) 2 (1 to 4) 3 (1-4) 2 (1-3) 0.68
Sequential Organ Failure Assessment score, 12 (10-14) 12 (11-14) 11 (10-14) 0.34
median (IQR)
Physiologic variables at admission
Heart rate, beats/min, median (IQR)
Maximum 115 (102-132) 119 (93-134) 114 (109-124) 0.86
Minimum 75 (63-84) 63 (54-85) 80 (70-84) 0.13
Systolic blood pressure, mm Hg, median (IQR)
Maximum 137 (120-166) 137 (133-154) 137 (114-171) 0.84
Minimum 101 (90-109) 90 (86-95) 107 (94-121) 0.02*
Respiratory rate, breaths/min, median (IQR)
Maximum 33 (28-40) 29 (25-36) 35 (32-40) 0.09
Minimum 13 (10-19) 15 (10-19) 12 (10-19) 0.86
Temperature, °F, median (IQR)
Maximum 99.8 (98.7-100.6) 99.8 (99-100.3) 99.8 (98.7-100.8) 0.95
Minimum 97.7 (97.2-98.2) 97.5 (96.9-98.0) 97.8 (97.3-98.4) 0.29
Laboratory variables at admission, median (IQR)
Absolute lymphocyte count, X102 cells/mcL 0.9 (0.5-1.7) 0.6 (0.5-0.8) 1.2 (0.5-1.83) 0.13
C-reactive protein, mg/L 21 (14-29) 17 (6-27) 22 (16-31) 0.32
Creatinine, mg/dL 1.18 (0.77-2.78) 1.05 (0.77-2.05) 1.31 (0.80-2.91) 0.59
p-dimer, pg/mL 3.85 (1.29-6.45) 1.63 (1.02-4.68) 5.03 (2.28-6.75) 0.25
Ferritin, ng/mL 1,453 (1,132-2,895) 1,453 (1,310-2,603) 1,514 (595-3,583) 0.60
Lactate dehydrogenase, U/L 676 (512-871) 634 (538-903) 716 (500-854) 0.82
Lactate, mmol/L 1.9 (1.28-2.43) 1.4 (1.23-2.15) 1.95 (1.30-2.50) 0.65

n = sample size, IOR = interquartile range.

three had comfort care initiated at family request, two
died related to complications during ECMO support,
and one had no return of native lung function. One
venovenous ECMO patient with return of native lung
function and successful decannulation subsequently
died due to necrotizing infected pancreatitis during
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hospitalization. Fifteen patients (65%), including one
of three (33%) on venoarterial ECMO and 14 of
20 (70%) on venovenous ECMO, were successfully
decannulated and survived the inhospital stay. One pa-
tient died of recurrent bacterial pneumonia and septic
shock shortly after hospital discharge.
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TABLE 2.
Respiratory Status and Support

Variable

P/F ratio at admission in mm Hg, median (IQR)
pH at admission, median (IQR)
Respiratory support at admission, highest, n (%)
None
Nasal cannula
Heated high-flow nasal cannula
Mechanical ventilation, invasive
Fio, at admission, median (IQR)
Maximum, %
Minimum, %

Compliance static in mL/cm H,O at admission,
median (IQR)

P/F ratio immediately prior to ECMO initiation
in mm Hg, median (IQR)

Positive end-expiratory pressure immediately prior
to ECMO initiation, median (IQR)

Compliance static in mL/cm H,O immediately
prior to ECMO initiation, median (IQR)

Symptom onset to intubation, d, median (IQR)
Symptom onset to ECMO, d, median (IQR)
Intubation to ECMO, d, median (IQR)

ECMO duration, d, median (IQR)

Mechanical ventilation, d, median (IQR)

All Patients, Dead at Discharge, Alive at Discharge,
n=23 n=9 n=14 P
96 (71-133) 98 (66—113) 94 (75-140) 0.80
7.31 (7.27-7.40) 7.29 (7.28-7.47) 7.31 (7.28-7.37) 0.74
0.29
1(4) 0 (0) 1(7)
1(4) 0 (0) 1(7)
2(9) 0 (0) 1(7)
18 (78) 9 (100) 11 (79)

100 (100-100) 100 (100-100) 100 (100-100) 1.00
73 (55-80) 68 (53-80) 78 (55-85) 0.51
27 (20-38) 28 (21-36) 25 (19-38) 0.59
69 (57-79) 70 (56-83) 69 (61-76) 0.73
18 (16-20) 16 (15-20) 20 (17-20) 0.30
22 (19-26) 20 (18-29) 22 (19-25) 0.91

7 (4-15) 15 (6-17) 5 (3-10) 0.05
14 (10-22) 18 (12-24) 14 (9-21) 0.35
7 (4-10) 6 (2—-10) 7 (6-11) 0.41
16 (8-32) 13 (K 1-44) 16 (12-20) 0.85
40 (16-50) 31 (6-51) 43 (35-50) 0.31

ECMO = extracorporeal membrane oxygenation, IOR = interquartile range, n = sample size, P/F = Pao,/Fio,,

Fourteen of 15 survivors (93%) of the inhospital stay
and six of nine (67%) who died inhospital were diagnosed
with delirium (p = 0.26). Three patients died without an
adequate evaluation off sedation. Two patients suffered
neurologic complications other than delirium. One pa-
tient on venovenous ECMO suffered bilateral femoral
neuropathy and leg weakness from bilateral psoas hema-
tomas associated with anticoagulation. Another patient
on venovenous ECMO was found to have a persistently
poor mental status off sedation, and MRI revealed mul-
tifocal small (< 1.cm) acute ischemic strokes in all major
vascular distributions consistent with an embolic shower.
A source of emboli was not established.

The remaining 13 patients (57%) were alive at the
time of the 1-year follow-up interview. All 13, or their
LARs, were reached by telephone. One patient and one
LAR were willing to provide information on return to

Critical Care Explorations

work and activities of daily living but did not complete
the assessment scales. Another patient was ventilator de-
pendent at a long-term facility and unable to complete
the assessment scales; her LAR provided information on
her level of functioning. The remaining 10 patients were
interviewed directly over the telephone. The median time
from index admission for COVID-19 to telephone inter-
view was 381 days (IQR, 378-385 d). None of the other
long-term survivors had previously been diagnosed with
dementia, major depression, or anxiety. None required
home oxygen prior to the COVID-19 diagnosis.

Long-Term Respiratory Support

At the 1-year mark from the index admission, one of
13 survivors remained on mechanical ventilation at
a long-term facility. One other patient used 2 L/min
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TABLE 3.

Distribution of Therapeutic Interventions and Inhospital Outcomes

Variable

Therapeutic interventions
Continuous renal replacement therapy, n (%)
Hemodialysis, n (%)
Vasopressor days, median (IQR)
Vasopressors, n (%)

Norepinephrine
Vasopressin
Epinephrine
Phenylephrine
Angiotensin 2
Glucocorticoids, n (%)

Dexamethasone Randomized Evaluation of Covid-19
Therapy protocol

Methylprednisolone acute respiratory distress
syndrome protocol

Both
Tocilizumab, n (%)
Remdesivir, n (%)
Inhospital outcomes
ICU length of stay, d, median (IQR)
Hospital length of stay, d, median (IQR)
Discharge location, n (%)
Dead
Long-term acute care
Subacute rehabilitation/skilled nursing facility
Inpatient acute rehabilitation

Home

All Dead
at Discharge,
n=9

Alive
at Discharge,
n=14

Patients,
n=23

16 (70) 8 (89) 8 (57) 1.00
9 (39) 8 (89) 1 (4) 0.02
16 (9-32) 29 (3-34) 16 (10-32)  1.00
1.0
23 (100) 9 (100) 14 (100)
16 (70) 7 (78) 9 (64)
3(13) 3(33) 0 (0)
1(4) 0 (0) 1(7)
1(4) 1(11) 1(7)
8 (35) 4 (44) 4 (29) 0.45
2 (9) 2 (22) 0 (0)
3 (13) 0 (0) 3 (21)
3 (13) 2 (22) 1(7)
(22) 1(11) 4 (29) 0.33
2(9) 1(11) 1(7) 1.00
47 (24-54) 30 (7-51) 51 (40-60)  0.07
47 (28-54) 30 (6-61) 51 (43-60) 0.06
NA
9 (39) 9 (100) 0 (0)
4(17) NA 4 (29)
1 (4) NA 1(7)
5 (22) NA 5 (36)
4(17) NA 4 (29)

n = sample size, NA = not applicable, QR = interquartile range.

supplemental oxygen with unusual exertion outside
the home only. All other patients required no respira-
tory support at any time, although one required con-
tinuous positive airway pressure for newly diagnosed
obstructive sleep apnea.

Rehabilitation

The patient who suffered multifocal ischemic strokes
was at a long-term ventilator facility, all others were at
home at the time of telephone interview. Three of 13
long-term survivors were admitted to acute inpatient

6 www.ccejournal.org

rehabilitation following their index admission. Two
were first discharged to a long-term acute care facility
for weaning (where they stayed for 28 and 42 d) then
underwent inpatient rehabilitation for 21 and 35 days,
respectively. The third was at inpatient rehabilitation
for 14 days.

Functional Outcome and Return to Work

Twelve of 13 long-term survivors had been independent
to all activities of daily living and were employed full-
time prior to the diagnosis of COVID-19. One patient
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with mild developmental delay required minimal as-
sistance for activities of daily living prior to developing
COVID-19 and was not previously employed full-
time. Six of 12 (50%) previously employed long-term
survivors had returned to work. Five were working to
the same extent as before COVID-19, while one was
employed in a less intense capacity. The remaining six
patients who were not employed all stated that physical
or psychologic impairments related to COVID-19 were
the reason they could not work. Excluding the patient
with mild developmental delay, 10 of 12 (83%) previ-
ously independent long-term survivors were entirely
independent to all activities of daily living (mRS < 3).
One survivor remained ventilator dependent (mRS 5,
WHODAS impairment score 100%) and the other
required assistance only for shopping and groceries
because she had stopped driving (mRS 3, WHODAS
impairment score 62.5%). Other than the patient with
long-term ventilator dependence, all other survivors
(11/12, 92%) were independent within the home.

The median mRS score of long-term survivors was 2
(IQR, 1-2). The median WHODAS impairment score
was 21% (IQR, 6-42%). A summary of responses to
mRSand WHODAS-2.0 questions are in Tables4 and 5,
respectively. A significant positive correlation was
found between age and WHODAS-2.0 impairment
score (p = 0.63; 95% CI, 0.12-0.88; p = 0.02); however,
no significant correlation was observed between im-
pairment score and days on ECMO (p = 0.33), ven-
tilator days (p = 0.94), or ICU LOS (p = 0.62). Of the
two patients with neurologic complications, the pa-
tient with bilateral psoas hematomas had mild residual
knee weakness at 1 year and had returned to work in
a less intense role but was unable to resume hobbies
(mRS 2, WHODAS 8.33%). The patient with multi-
focal ischemic strokes was ventilator dependent and
not consistently following commands at 1 year but able
to localize bilaterally (mRS 5, WHODAS 100%).

Cognitive Outcome

The patient with long-term ventilator dependence and
inability to follow commands was profoundly cog-
nitively impaired and could not be interviewed for a
MoCA score. Among the 10 patients who completed
the 5-minute telephone MoCA, the median score was
14 (IQR, 13-14; lowest score, 13) out of a total possible
15 points. Median language fluency score was 3 (IQR,
2—-4) out of 4, median orientation score 6 (IQR, 6-6)

Critical Care Explorations

out of 6, and median recall score 5 (IQR, 4-5) out of 5.
The median years of education among individuals who
underwent cognitive assessment was high at 16 years
(IQR, 14-16 yr). Adjustment of MoCA scores for ed-
ucation was not performed since this has primarily
been described with low educations levels and may ad-
versely impact sensitivity (34).

Anxiety, Depression, and PTSD

Of 10 patients who could be assessed with HADS, 4
(40%) screened positive for both depression and anxiety.
Additionally, one patient (10%) screened positive for
anxiety alone and one patient (10%) was borderline for
anxiety. Of the 6 (60%) who scored borderline or ab-
normal on either the anxiety or depression scale, four
were receiving counseling at the time of interview. Two
were receiving medication for depression and anxiety
and one for anxiety alone. The two subjects not already
receiving treatment were referred to counselors. The
median HADS anxiety score was 9.5 (IQR, 2-14) and
the median depression score was 2 (IQR, 1-11). Four
of 10 patients (40%) scored 31 or above on the PCL-5
screener, indicating they would likely benefit from
treatment for PTSD. Of these, three were already under
treatment (two with medication and counseling, one
with counseling alone) and the fourth was referred to a
counselor. The median PCL-5 score was 24 (IQR 17-37).

Free-Response Answers

<

Four respondents said they were “...no longer com-
fortable in groups of people...” and were worried about
reinfection. Two survivors with WHODAS-2.0 impair-
ment greater than 50% and positive screening for anx-
iety, depression, and PTSD stated they were grateful to
be alive and for the medical care provided. Two other
long-term survivors stated that they were able to enjoy
the things they used to enjoy more than they could
prior to COVID-19 in response to the corresponding
question on the HADS questionnaire.

DISCUSSION

Our prospective case series of COVID-19 patients
managed with ECMO has several encouraging find-
ings. Long-term survival was 57%, and all but one
of the patients who survived the inhospital stay were
alive at 1 year. Only one long-term survivor failed

www.ccejournal.org 7
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TABLE 4.
Responses to Modified Rankin Scale 9 Question Questionnaire, 11 Respondents

Question
No. Question Yes,n (%) No, n (%)
1 Do you have any symptoms that are bothering you? 10 (91) 1(9)
2 Are you able to do the same work as before? 5 (45) 6 (55)
3 Are you able to keep up with your hobbies? 5 (45) 6 (55)
4 Have you maintained your ties to friends and family? 10 (91) 1(9)
5 Do you need help making a simple meal, doing household chores, or balancing 1(9) 10 (91)
a checkbook?
6 Do you need help with shopping or traveling close to home? 2 (18) 9 (82)
7 Do you need another person to help you walk? 1(9) 10 (91)
8 Do you need help with eating, going to the toilet, or bathing? 1(9) 10 (91)
9 Do you stay in bed most of the day and need constant nursing care? 1(9) 10 (91)
TABLE 5.

Responses to 12-ltem World Health Organization Disability Assessment Scale 2.0
Questionnaire for the Prior Month, 11 Respondents

Please Note: When Scoring World Health Organization Disability Assessment Scale, the Following

Numbers Are Assigned to Responses:

0 = No difficulty

1 = Mild difficulty

2 = Moderate difficulty
3 = Severe difficulty

4 = Extreme difficulty or cannot do

Question Median
No. Question Score (IQR)
S1 Standing for long periods such as 30 min? 0 (0-3)
S2 Taking care of your household responsibilities? 1 (0-2)
S3 Learning a new task, e.g., learning how to get to a new place? 0 (0-1)
S4 How much of a problem did you have in joining in community activities (e.g., festivities, 0 (0-3)
religious, or other activities) in the same way as anyone else can?
S5 How much have you been emotionally affected by your health problems? 3 (2-4)
S6 Concentrating on doing something for ten minutes? 0 (0-2)
S7 Walking a long distance such as a kilometer (or equivalent)? 1 (0-3)
S8 Washing your whole body? 0 (0-2)
S9 Getting dressed? 0 (0-1)
S10 Dealing with people you do not know? 2 (0-3)
S11 Maintaining a friendship? 0 (0-1)
S12 Your day-to-day work/school? 1 (0-4)
Total impairment score (%) 21 (6-42)

IOR = interquartile range.
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liberation from mechanical ventilation, and one other
patient required long-term supplemental oxygen, only
with unusual exertion. Also, 83% of previously inde-
pendent survivors were independent in all activities
of daily living, while 92% were independent within
the home. Only one patient, with multifocal ischemic
strokes, demonstrated evidence of cognitive impair-
ment. Other findings, however, confirm the long-term
burden of disease expected in this most severe stratum
of illness. Only 50% of previously employed patients
had returned to work, with the rest attributing their
inability to work directly to impairments caused by
COVID-19. While 40% screened positive for likely de-
pression, 60% either screened positive or were bord-
erline for likely anxiety, and 40% screened positive for
likely PTSD. These findings suggest that meaningful
long-term outcomes can be achieved with the use of
ECMO in COVID-19 but also that survivors require
substantial support from rehabilitation and mental
health services. This study is the first to prospectively
report functional, cognitive, and psychologic out-
comes 1 year following the use of ECMO in the first
wave of the pandemic. An additional strength of our
study is the availability of prospective outcome data on
all survivors, obtained across multiple domains using
validated assessment tools.

It is possible that patients selected for ECMO (i.e.,
“survived” a selection process) had greater fitness
for good long-term outcomes, it is therefore impor-
tant to understand if our cohort differed markedly in
baseline characteristics from the broad population of
COVID-19 patients likely to be managed with ECMO.
Institutional criteria for use of ECMO in COVID-19
were broad by design and prioritized the use of con-
ventional treatment strategies prior to initiation of
ECMO. The median age of our population was slightly,
but not markedly, lower than the median age of the
ELSO global cohort of COVID-19 patients managed
with ECMO (47 vs 50 yr) (35). Other baseline param-
eters were comparable, including comorbidities, body
mass index, and P/F ratio prior to initiation of ECMO.
Median PEEP prior to ECMO was higher in our cohort
(18cm H,O vs 14cm H,0) and days of intubation prior
to initiation of ECMO were longer (7 vs 3.2 d). Of note,
100% of patients in our cohort required vasopressors
(60% in ELSO) and 100% of ARDS patients underwent
prone ventilation (57% in ELSO) and neuromuscular
blockade (71% in ELSO) prior to initiation of ECMO.

Critical Care Explorations

Our cohort therefore may have been slightly younger
but more severely ill at the time of ECMO initiation.

Our findings are comparable to those of studies
of ARDS patients managed with ECMO prior to the
pandemic. Interviews of 67 ARDS survivors treated
with ECMO in France a median of 17 months from
discharge revealed that physical impairment was com-
mon, with anxiety, depression, or PTSD present in
34%, 25%, and 16%, respectively (36). A study of 33
ARDS survivors in Italy interviewed greater than 2
years after management with venovenous ECMO re-
vealed increased physical and psychologic impairment
compared with normative data, with 42% screening
positive on HADS for anxiety and depression, and
47% screening positive for PTSD (37). A more re-
cent systematic review with 6 months to 3 years fol-
low-up revealed health-related quality of life scores
below normative data for the healthy population (38);
however, scores in ECMO patients were equiva-
lent or superior to those treated with conventional
measures (38, 39). Early data are available in sur-
vivors of COVID-19-related critical illness. In a
study from New York City, 87% of 45 COVID-19
critical illness survivors demonstrated physical im-
pairment 1 month after discharge with psychologic
impairment in 48% (40). In an Italian study, 73% of 45
previously employed COVID-19 critical illness survi-
vors had returned to work at 6-months (41). There are
as-yet limited long-term outcome data in COVID-19
patients managed with ECMO. Consistent with our
study, a multicenter study from Europe demonstrated
that the 47% inhospital survival following the use of
ECMO in COVID-19 was sustained at 6 months (11).
An as yet unpublished study presented at the American
Association for Thoracic Surgery 101st annual meet-
ing described approximately 70% short-term survival
in 46 COVID-19 patients managed with ECMO as well
as 262 COVID-19 patients managed with conventional
mechanical ventilation (42). Retrospective 3-month
follow-up data, available for 67% of survivors, re-
vealed that half reported cognitive impairment, ICU-
acquired weakness and depression, anxiety, or PTSD.
At 3 months, over a quarter required supplemental ox-
ygen and one in six were back to work. However, these
outcomes were similar in patients treated with ECMO
compared with more conventional measures.

The source of the anxiety, depression, and PTSD
in these patients is unclear. Several studies suggest
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that the use of sedatives, opiates, and neuromuscular
blockade (43-45), as well as delusional memories (46),
are important risk factors for PTSD and psychiatric
disease following critical illness. Delirium, and the
extended use of all these medications, were universal
among survivors in our study. In addition, free-response
answers from some subjects suggest particular anxiety
in the presence of groups and crowds, with concern for
reinfection, in survivors. Of note, long-term cognitive
impairment was uncommon in our study. Despite liter-
ature reports of significant cognitive dysfunction after
critical illness (47), studies in non-COVID ECMO ICU
survivors report more variable results (48-52). A multi-
center study to track the long-term cognitive, physical,
and emotional recovery of COVID-19 ECMO survi-
vors has recently been initiated by the Outcomes and
Recovery After COVID-19 Leading to ECMO Group
and will provide important data in the future (53).
The younger median age of survivors in our study
(41 yr), as well as the higher level of education (me-
dian 16 yr), likely conferred a greater degree of cogni-
tive reserve (47). Age is likely a significant contributing
factor to cognitive impairment after critical illness
(54-57), both due to the general decline in cognitive
reserve with age and an increase in neurologic disease
in older patients (58, 59). Another factor that may im-
pact the occurrence of cognitive dysfunction is the
time point of assessment—patients are more likely to
demonstrate cognitive difficulties in the first 2 months
after a hospital stay than they are after a year (59).
In contrast to studies that perform long-term assess-
ment of cognitive function, an Italian study reported
cognitive impairment in 80% of COVID-19 patients
admitted to an inpatient rehabilitation unit shortly
after their acute illness (54). The method of determina-
tion of cognitive impairment following COVID-19 has
also varied—studies that rely on self-reported cognitive
dysfunction may be more likely to report a high rate
of impairment compared those that use well-validated
measures, while screening out patients with confound-
ing psychiatric comorbidities. In a recent study of
patients without COVID-19 managed with ECMO and
assessed with both self-reported cognitive symptoms
and formal neuropsychologic testing at 18-24 months,
70% self-reported cognitive symptoms; however, neuro-
psychologic test scores did not significantly differ from
healthy controls after controlling for depression (49).
Similarly, an early post-COVID study that screened
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out patients with mental health history and assessed
attention, executive functioning, working memory, and
reaction time with full neuropsychologic assessments
detected only mild dysfunction in sustained attention
at 2 to 3 weeks posthospitalization (60). All other cog-
nitive domains were consistent with the performance of
the control group. In the New York study of COVID-19
critical illness survivors, which used the telephone
MoCA to screen patients, only 8% demonstrated cog-
nitive impairment, similar to our study (40).

Our study has several limitations. The sample size is
small, and meaningful multivariate analysis could not be
performed to evaluate hypotheses. Our study was purely
descriptive to provide an early estimate of the long-term
burden of disease in a population with limited long-
term data. A survivorship selection bias may be present
in our study despite our institution’s broad ECMO se-
lection criteria. Overall, our cohort was slightly younger
but more severely ill compared with the ELSO global
cohort (35). All interviews were conducted over tele-
phone; however, all instruments used were either devel-
oped to be appropriate for, or have versions validated
for, telephone use (20, 24, 30, 32, 61, 62). We had data on
only three patients managed with venoarterial ECMO.
Outcome data from the first wave may not reflect out-
come data with the use of ECMO later in the pandemic.
Current inhospital mortality reported by the ELSO from
7,135 COVID-19 ECMO patients is higher (48%) com-
pared with the original ELSO report (39%) in the first
wave of the pandemic (35). Only 35% of the patients
in our group received glucocorticoids since most were
managed prior to publication of data from clinical trials
demonstrating a survival benefit (63). We do not as yet
have 1-year functional, cognitive, and psychologic out-
come information from critically ill COVID-19 patients
managed without ECMO for comparison; however,
prospective data collection is currently underway.

In conclusion, functional impairment, anxiety, de-
pression, and PTSD symptoms were common a year
following the use of ECMO in COVID-19; however,
the majority were independent in activities of daily liv-
ing, and half had returned to work. Cognitive impair-
ment was uncommon.
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