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Safety and Feasibility of an Interdisciplinary
Treatment Approach to Optimize Recovery
From Critical Coronavirus Disease 2019

OBJECTIVES: Examine the safety and feasibility of a multimodal in-person or
telehealth treatment program, administered in acute recovery phase for patients
surviving critical coronavirus disease 2019.

DESIGN: Pragmatic, pre-post, nonrandomized controlled trial with patients elect-
ing enroliment into one of the two recovery pathways.

SETTING: ICU Recovery Clinic in an academic medical center.

PATIENTS: Adult patients surviving acute respiratory failure due to critical coro-
navirus disease 2019.

INTERVENTIONS: Patients participated in combined ICU Recovery clinic and
8 weeks of physical rehabilitation delivered: 1) in-person or 2) telehealth. Patients
received medical care by an ICU Recovery Clinic interdisciplinary team and phys-
ical rehabilitation focused on aerobic, resistance, and respiratory muscle training.

MEASUREMENTS AND MAIN RESULTS: Thirty-two patients enrolled with
mean age 57 £ 12, 62% were male, and the median Sequential Organ Failure
Assessment score was 9.5. There were no differences between the two groups
except patients in telehealth pathway (n = 10) lived further from clinic than face-
to-face patients (162 £ 60 vs 31 * 47 kilometers, t = 6.06, p < 0.001). Four
safety events occurred: one minor adverse event in the telehealth group, two
minor adverse events, and one major adverse event in the in-person group. Three
patients did not complete the study (two in-person and one telehealth). Six-minute
walk distance increased to 101 = 91 meters from pre to post (n = 29, t = 6.93,
p < 0.0001), which was similar between the two groups (110 vs 80 meters,
t=1.34, p=0.19). Self-reported levels of anxiety, depression, and distress were
high in both groups with similar self-report quality of life.

CONCLUSIONS: A multimodal treatment program combining care from an in-
terdisciplinary team in an ICU Recovery Clinic with physical rehabilitation is safe
and feasible in patients surviving the ICU for coronavirus disease 2019 acute
respiratory failure.

KEY WORDS: cognitive dysfunction; coronavirus disease 2019; implementation;
intensive care unit recovery; physical rehabilitation; postintensive care syndrome;
posttraumatic stress disorder; safety

atients surviving critical illness may suffer long-term impairments in
physical, emotional, and cognitive health (1). After hospital discharge,
new or worsening health problems as a result of critical illness are collec-
tively referred to as “postintensive care syndrome” (PICS) (2, 3). Patients sur-
viving severe and critical illness due to coronavirus disease 2019 (COVID-19)
disease who required a prolonged ICU admission are also at high risk of devel-
oping impairments associated with PICS (4, 5). Post-ICU disability leads to asso-
ciations with reduced quality of life, inability to reintegrate into societal roles,
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lost wages, and increased risk of morbidity and mor-
tality (6-8). Recently, the National Institute of Health
announced research initiatives on “postacute sequelae
of severe acute respiratory syndrome coronavirus 2 in-
fection,” stressing the need to understand, treat, and
prevent symptoms occurring post-COVID (9).

In the United States, following a hospitalization that
required a medical ICU stay, patients historically would
receive outpatient medical care through their primary
care provider. More recently, patients may receive care
in specialized ICU recovery or specific COVID re-
covery clinics (10-12). In addition, post-ICU survivors
may participate or receive referrals to specific cogni-
tive, psychologic, and physical rehabilitation treat-
ments, but the exact number is unclear (13, 14). Thus,
the current approach in ICU Recovery Clinics is to per-
form multidisciplinary assessments and refer patients
in need to specific specialist. Therefore, ICU aftercare
may be viewed as fragmented (15), that is, delivery of
treatment through different “specialty-aligned silos,”
but not centrally guided. Despite such expert recom-
mendations (16), few data exist, which actually sup-
port effectiveness of such interventions. Furthermore,
the Society of Critical Care Medicine recommends a
“more coordinated approach to treatment and support
during recovery after critical illness” (17).

For this study, we hypothesized that care coordi-
nated by an ICU Recovery Clinic with an embedded
outpatient rehabilitation team delivered to survivors
of critical COVID-19 is feasible and could lead to
improved patient outcomes. Thus, the primary pur-
pose of this study is to examine the safety and feasi-
bility of providing combined ICU Recovery Clinic
appointments and 8 weeks of rehabilitation treatment
initiated in the early recovery phase following acute
respiratory failure due to COVID-19. In addition, this
study explored whether the rehabilitation treatment
could be delivered through telehealth. An exploratory
purpose of this study is to understand whether treat-
ment provided through telehealth is equivalent to in-
person delivery.

MATERIALS AND METHODS

Ethical Considerations

The study was approved by the medical expedited
Internal Review Board at the University of Kentucky
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(MEDXP No. 590957). Patients provided written in-
formed consent to participate. The University of
Kentucky ICU Recovery Clinic was established in 2012
and consists of an interdisciplinary team with expertise
in critical illness recovery (14). Due to high potential
for long-term impairments in COVID-19 survivors,
the UK. ICU Recovery Clinic team formulated a mul-
timodal treatment program in the March of 2020 (18).
Prior to February 2020, the ICU Recovery Clinic per-
formed multidisciplinary assessments and referred
patients in need to both rehabilitation specialist within
our healthcare system and external providers.

Study Design

The study was a phase I feasibility study using a prag-
matic, pre-post design with patients self-selecting
enrollment into one of the two recovery pathways: in-
person versus telehealth. The study was registered in
ClinicalTrials.gov (NCT04412330), and the protocol
was previously published (18).

Patients

Adult patients (greater than or equal to 18 yr old) sur-
viving an ICU admission for critical COVID-19 (lab-
oratory-confirmed) and attending the ICU Recovery
Clinic for interdisciplinary follow-up were eligible.
More detailed eligibility criteria are outlined in the
protocol (18). Patients were recruited at hospital dis-
charge or during the patients’ first ICU Recovery
Clinic appointment (occurring ~2- to 4-wk posthos-
pital discharge), where they underwent a full medical
assessment to confirm appropriateness for physical re-
habilitation. Exclusion criteria were recent myocardial
infraction, acute myocarditis, angina, untreated ven-
tricular or atrial arrhythmias, heart block, and acutely
decompensated congestive heart failure. In addition,
patients participating in home or community physical
or occupational therapy through other delivery meth-
ods were encouraged to transition rehabilitation care to
the study team; exceptions were made based on prag-
matic design with one patient requiring ongoing out-
patient occupational therapy due to a brachial plexus
injury and three patients receiving home health nursing
and physical therapy during the first 2 weeks of study
timing. Patients selected their preferred rehabilitation
treatment delivery pathway (in-person or telehealth).
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Interventions

The interventions are described in brief below (18).
The ICU Recovery Clinic and the outpatient rehabili-
tation center are housed in the same outpatient center
and share common spaces.

ICU Recovery Clinic. The clinic is to provide inter-
disciplinary care, supporting critical illness recovery
and addressing symptoms related to PICS (14). In
summary, patients surviving an ICU admission are
eligible to attend up to five appointments in the first
12 months of recovery with an option for continued
long-term care. The goal is to transition patients back
to their primary care provider within 1-year post-ICU.
Patients receive coordinated outpatient care centered
on medical treatment, medication management, nu-
tritional education, sleep hygiene education, mental
health counseling, and education on physical activity
and rehabilitation. Clinic providers may refer or rec-
ommend further treatment of specific issues, for ex-
ample, referral to a sleep physician, mental health
expert, or cognitive rehabilitation training.

Individualized Physical Rehabilitation Treatment.
Patients participated in 8 weeks of physical rehabilita-
tion treatment initiated within 1 week of informed con-
sent. Physical rehabilitation treatment was delivered via
outpatient in-person pulmonary rehabilitation or tele-
conference. Both pathways were led by the same phys-
ical therapist and supported by a respiratory therapist.
Telehealth subjects were required to have a caregiver
in the home during rehabilitation interventions, and
patients were provided home pulse oximeters and auto-
mated blood pressure monitors to ensure that delivery
of interventions followed the same approach as the in-
person treatment. Patients were scheduled for one or
two supervised sessions per week (either in-person or
supervised telehealth) and prescribed a supplemental
unsupervised home program (3 or 4d/wk). Treatment
dosing was pragmatic and multifactorial including
patients’ need and social determinant of health (trans-
portation availability and access to caregiver). The treat-
ment plan maintained the following major components:

Aerobic training: Patients participated in 15-30 minutes
of aerobic training with a targeted range of 4-6 on the mod-
ified rating of perceived exertion (RPE). The initial aerobic
intensity was calculated and defined previously (18-21).
Aerobic intensities were progressively increased when
patients rated an activity less than 4 on the RPE, and their
heart rate did not exceed the established target rates.

Critical Care Explorations

Strength training: Strengthening exercises were pre-
scribed based on RPE with an initial rating of 5-6 of 10 per-
forming 10-15 repetitions as per guidelines for older and/or
deconditioned patients (22, 23). Resistance exercises were
progressed by increasing repetitions and load (free weights
or elastic resistance bands) if a patient rated an exercise less
than or equal to 4 of 10 on RPE and demonstrated ability to
complete three sets of 15 repetitions.

Breathing and mindfulness techniques: Patients partici-
pated in respiratory muscle training with focus on controlled
diaphragmatic breathing combined with mindfulnessto reduce
anxiety and improve overall mood (24, 25). Diaphragmatic
breathing techniques were embedded into daily activities as
well as paired with general core and trunk exercises in sitting,
quadruped, or standing focused on thoracic chest wall expan-
sion to enhance respiration (26, 27). Mindfulness techniques
focused on components of mediation and guided imaginary
(23). Breathing and mindfulness techniques were added to the
program as a modification to original protocol during the first
week of study enrollment; thus, all patients engaged in breath-
ing and mindfulness techniques (18).

Supplemental home-exercise plan: Patients participated
in a home-exercise plan (HEP) that included walking,
strengthening exercises, and breathing techniques. Patients
were instructed to walk at home for at least 30 minutes per
day with RPE less than or equal to 4, to perform strengthen-
ing exercise (visual handouts provided) unsupervised 3-4
days per week, and to perform diaphragmatic breathing two
to three times per day. Patients were instructed to log daily
adherence to the HEP in an exercise diary.

Primary Outcomes

The primary outcomes are safety and feasibility.

Safety within the outpatient participation of reha-
bilitation was defined a priori as the number of ad-
verse events occurring as a direct result of the protocol
with sufficient safety defined as less than 5% of treat-
ment sessions having an adverse event. Major adverse
events included any event or physiologic abnormality
that required escalation of care, for example, injurious
fall, increased dosage of medication, emergency de-
partment visit, or hospital admission. Minor adverse
events included noninjurious falls during or related to
interventions, pain, or discomfort related to interven-
tions, and any physiologic abnormality that required
termination of rehabilitation interventions, thus war-
ranting medical review before continuing the protocol.
Adverse events were adjudicated at the midpoint and
completion of the study by ICU Recovery Clinic team
and the rehabilitation team; events were deemed re-
lated to protocol by consensus.
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Feasibility of the multicomponent treatment pro-
gram was defined a priori based on demand, imple-
mentation, and practicality (28); parameters defined
a priori: 1) success of consent (greater than 75%) as
a percentage of number agreeing to participate per
the total number of patients approached, 2) attrition
(lost to follow-up) of subjects, 3) attendance to ICU
Recovery clinic in the first 6 months of recovery and
attendance to the 8 weeks of physical rehabilitation
sessions (greater than 75%), and 4) adherence to the
home-exercise program.

Secondary Outcomes

Secondary outcomes were assessed at baseline and
3 months. All patients were assessed in-person for
baseline assessment. Physical function was assessed
using the short physical performance battery (29, 30)
and Timed Up and Go Test (TUG) (31, 32). Muscle
strength was assessed by the Medical Research Council
sum score (MRC-ss) (33-35) and handgrip strength
(35) and exercise capacity assessed using the 6-minute
walk distance (6 MWD) and percentage achieved of
predicted distance (36, 37) and the 2-minute step test
for patients in telehealth pathway (38). Five patients in
the telehealth pathway returned to the medical center
at 3-month time point for other routine medical care
(e.g., imaging and labs), and thus, measures were per-
formed in person. The remaining four patients per-
formed measures with supervision of the physical
therapist on telehealth with a caregiver setting up the
testing environment and providing guarding for safety.
Emotional health, cognitive function, and qual-
ity-of-life assessments were Hospital Anxiety and
Depression Scale (HADS) (39, 40) for anxiety and de-
pression, distress and posttraumatic stress disorder
(PTSD) with the Impact of Events Scale-Revised
(IES-R) (41), Visual Analog Scale (VAS) rating health-
related quality of life (HRQOL) with EuroQol (EQ-
5D) (42), and cognition with Montreal Cognitive
Assessment (MOCA), whereas MOCA-blind for the
telehealth pathway (43, 44). In addition, return to work
for patients previously employed (45), unplanned hos-
pital admissions or emergency department utilization,
and mortality were assessed at 3 and 6 months.
Independent demographic and clinical variables
were extracted from the electronic health record as
described (18). In addition, sedative and agitation
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statuses were quantified with the Richmond Agitation
Sedation Scale as the mean score in the first 72 hours
of ICU admission.

Statistical Analysis

Data were initially assessed using descriptive statis-
tics including mean and sp, or median and inter-
quartile range. Safety and feasibility were reported
as descriptive statistics. Normality was assessed with
Shapiro-Wilk test. Independent ¢ test with Welch cor-
rection was performed to assess differences between
the two groups due to unequal sample sizes. Paired ¢
test was performed to assess differences in outcomes
from baseline to postevaluation for the entire cohort.
Equivalence tests using pooled and Satterthwaite ¢ test
were performed with dependent variables of change
in 6 MWD and self-reported quality of life on EQ-5D
VAS to explore the secondary objective. Statistics were
performed in SPSS-26 (IBM SPSS, Chicago, IL) and
Prism 9 (GraphPad, San Diego, CA).

RESULTS

Thirty-two patients were enrolled in the study between
May 1, 2020, and January 1, 2021 (Fig. 1). Patients’
mean age was 57 £ 12, 62% were male, and the median
Sequential Organ Failure Assessment (SOFA) score
was 9.5 (4-11) at ICU admission. Twenty-two patients
(62%) selected to participate in the in-person pathway,
and 10 elected to enroll in telehealth pathway (Fig. 1).
Patients enrolling in the telehealth pathway lived fur-
ther distances away from clinic (101 + 37 vs 19.7 + 29
miles, t = 6.06, p < 0.001) and were more likely to live
in a rural-designated zip code (100% vs 23%, t = 8.4,
p <0.001). There were no differences in demographics
or clinical data between the two groups, although
patients in telehealth group were more likely to be
identified as White (Table 1).

Safety

One major and three minor adverse events in four dif-
ferent patients occurred, which were deemed “directly”
related to the protocol during 325 completed rehabili-
tation sessions (n = 4/325, 1.2%). A total of 18 poten-
tial adverse events occurred during the study (5.5%)
(Table 2). The major adverse event occurred during the
first week of a patient’s participation in the study with
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54 patients
ICU Recovery Clinic
5/1/2020 to 2/1/2021

v

45 patients eligible for
enrollment

9 excluded:

3 neurologic event

3 cardiac event/acute HF
3 dependent at baseline

A

v

32 (71%) patients

13 deferred or refused

5 active in Home or OP-PT
4 deferred need for rehab
2 not interested in research

reasons. Patients attended
88% (range, 33-100%)
of their ICU Recovery
Clinic appointments and
77% of physical rehabilita-
tion appointments (range,
13-100%)  (Table  2).
Attendance did not differ
based on the rehabilitation
pathway chosen by the pa-
tient. Patients participated

Completed study

Completed study

Enrolled 2 did not provide a reason in an average of 102 + 4.7

l l supervised sessions lasting

10 patients 22 patients amean 59.3 = 7.6 minutes,

Telehealth In-person which was not different be-

1 (7%) drop out ‘ 2 (13%) drop out tween the groups. Patients
due to personal v due to readmitted self-reported in an exercise
9 patients 20 patients diary participating in 62%

+ 23% and 65% * 28% of

their mobility program

Figure 1. Flow diagram for study recruitment, enroliment, and attrition. HF = heart failure,

OP = outpatient, PT = physical therapy.

reports of increased dyspnea and exhaustion a few hours
after in-person rehabilitation. The patient self-elected
to visit the emergency department leading to a 48-hour
observational stay and then requested to be removed
from the study due to increasing oxygen requirements
with minimal exertion. Three minor adverse events and
14 nonstudy-related events were reported and reviewed
by the medical team (Supplemental Table 1, http://
links.lww.com/CCX/A755).

Feasibility

The consent rate was 71% (32/45); 29 patients completed
the full 8-week program combined with recovery clinic
support. Patients agreed to participate in the study a
mean 34.9 + 17 days after hospital discharge and 25.7
+ 8.9 days from last institutional discharge accounting
for patients attending posthospital secondary facilities.
The groupss attrition rate was equal (10% telehealth and
9% in-person). The three patients who did not finish
the study were as follows: 1) the aforementioned pa-
tient (in-person), 2) a patient developed a pneumo-
thorax approximately 3 weeks after consent unrelated
to study and required hospitalization with subsequent
study withdrawal (in-person), and 3) one patient asked
to be removed from telehealth group due to personal

Critical Care Explorations

and HEP, respectively.

Muscle Strength and Physical Function

Seven patients (22%) met criteria for a diagnosis of
ICU-acquired weakness at baseline testing (less than
48/60 on MRC-ss). The 6 MWD improved by mean
101 + 93 meters from pre to post (n = 29, t = 5.97,
p <0.0001) (Fig. 2A). At postevaluation, distances on
6 MWD were a mean 61% + 26% of the predicted dis-
tance, and distances achieved were not statistically dif-
ferent the in-person and telehealth cohorts (¢ = 1.34,
p = 0.19) (Fig. 2B). The change from pre to post be-
tween the two groups was similar but not equivalent
to the pooled ¢ test using the lower and upper bounds
of =30 to 30 meters (f = 0.01-1.62, p = 0.058-0.51)
(Fig. 2B). Chair stand test was 15.7 + 7.6 seconds at
baseline with seven patients unable to complete due
to deficits in lower extremity muscle strength and
power. On average, patients improved their chair
stand time by 4.9 £ 6.1 seconds (n = 28, t = 3.56,
p = 0.001; Supplemental Table 2, http://links.Iww.
com/CCX/A756) with two patients unable to per-
form the test at postassessment. Habitual gait speed
improved from pre to post by mean average 0.22
meters per second, and TUG improved by 3.2 sec-
onds, respectively (Supplemental Table 2, http://links.
lww.com/CCX/A756).
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TABLE 1.
Demographics and Clinical

Parameter

Variables

In-Person
(n=22)

Telehealth
(n=10)

Group Differences?
(p <0.05)

Age, yr
Sex, male
Race/ethnicity
White/Anglo
Black/African American
Hispanic/Latino
Body mass index, kg/m?
Rural-designated residence, yes
Distance of primary residence, miles
Charlson comorbidity index
Sequential Organ Failure Assessment

Acute Physiology And Chronic Health
Evaluation Il

High-flow nasal cannula, yes
Mechanical ventilation, yes
Mechanical ventilation duration, d
Tracheostomy, yes

Steroids received, yes
Vasopressor/inotrope received, yes
Neuromuscular blocker received, yes

Sedative status (mean Richmond
Agitation Sedation Scale)

Inpatient rehabilitation parameters
Received PT treatment, yes
Time to first PT treatment, d
Number of PT sessions, n
Received OT treatment, yes
Time to first OT treatment, d
Number of OT sessions, n

ICULOS, d

Hospital LOS, d

Discharge destination

Secondary rehabilitation facility
(acute or subacute)

Home with home health
rehabilitation

Home without order for services

55.5 (52—65)
18 (56)

17 (63)
10 (31)
5 (16)
35 (31-37)
15 (47)
11.5 (4-79)
2 (1-4)
9.5 (4-11)
20 (12-24)

29 (91)
21 (65)
11 (7-17)
4 (13)
15 (47)
22 (69)
10 (31)
—2.1 (—8.95 10 0)

31 (97)

7.5 (56.5-11.8)
4 (2.25-5.7)

28 (88)

7.6 (5.6-12.2)
4 (2.2-5.8)

11 (9-18)

19.5 (13-28)

13 (41)

10 (31)

8 (25)

56 (52-61)
13 (59)

9 (41)
8 (36)
5 (23)
35 (29-37)
5 (23)
4 (3-23)
2 (1-4)
9 (4-11)
19 (10-23)

20 (91)
14 (64)
11.5 (6-19)
4 (18)
17 (77)
10 (45)
8 (36)
—2.5 (—3.8 t0 0)

22 (100)
6.7 (5-10)
4 (2.7-6.2)
20 (91)
6.8 (56-10.3)
4 (2.8-6.2)
11.3 (7.4-17.9)
20.8 (12-28.3)

9 (41)

7 (32)

6 (27)

55 (44—66)
5 (50)

5 (50)

5 (50)

2 (20)
—1.9 (4 t0 0)

9 (90)
8.5 (6.7-16.9)
5 (1.7-5)
8 (80)
11.5 (7.3-16.9)
5 (1.7-5)
10.6 (9.4-17.0)
18 (15.4-28.3)

4 (40)

3 (30)

3 (30)

t=0.97 p=0.340
p=0.712

x> =4.84, p=0.089

t=0.76, p = 0.451
p < 0.001
t=6.64, p<0.001
t=0.04, p=0.972
t=0.46, p=0.653
t=0.85, p=0.403

p=0.735
p=0.999
t=0.55,p=0.585
p=0.283
p=0.217
p=0.999
p=0.440
t=0.43, p=0.672

p=0.333
t=1.61,p=0.132
t=0.45, p = 0.654
p=0.103
t=1.94, p=0.078
t=0.317, p=0.764
t=051, p=0.612
t=0.06, p=0.950

%2> ="741,p=0595

LOS = length of stay, OT = occupational therapy, PT = physical therapy.

dIndependent t test, %2 test, or Fisher exact test comparing in-person and telehealth groups.
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TABLE 2.

Safety and Feasibility of Multimodal
Treatment Program

n (%) or
Parameter mean * sp
Consent success
Yes, n 32 (71)
No, n 13 (29)°
Selected in-person pathway 22 (69)
Selected telehealth pathway 10 (31)
Minor adverse events 3
Major adverse events 1
Rate of adverse event occurrence per 4/325 (1.2)
total number of sessions
Attrition 3 (9.4)°
Attendance to ICU Recovery Clinic appointments
Attended, mean * sb 2.69+1.10
Scheduled, mean * sp 2.93 £ 0.95

88% = 24%
Attendance to Physical Therapy appointments

Percent attendance

Attended, mean % sp 10.2 £ 4.7

Scheduled, mean % sp 12.7 £ 34

Percent attendance 78.4% £ 26%

Frequency per wk 1.34+t0.5
Adherence to home-exercise plan

Days completed, mean % sp 248t 1.1

Percent completed of prescribed 65% =+ 28%
Adherence to walking/aerobic program
434+16

62% * 23%

Days completed, mean % sp

Percent completed of daily walking

¥Thirteen patients refused or deferred need to participate: five
patients were already participating in home-based or outpatient
physical therapy, four patients had returned to work or prehos-
pital function and deferred the need for treatment, two patients
were not interested in research, and two patients did not provide a
reason.

®Three patients did not complete the study: one readmitted and

did not reenter study posthospital discharge; eventually, the patient
required a second readmission and expired due to acute or chronic
respiratory failure with history of chronic obstructive pulmonary
disease (in-person), one patient readmitted to hospital for pneu-
mothorax and did not reenter study (in-person), and one patient
asked to be removed due to personal reasons (telehealth).

Emotional Health, Cognitive Function, and HrQOL

There was clinical improvement in scores across the
domains of mental health, cognition, and quality of life

Critical Care Explorations

(Supplemental Table 2, http://links.lww.com/CCX/A756).
Twelve patients (40%) reported high anxiety (greater than
8 on HADS-anxiety), 27% had greater than 8 on HADS-
depression, and 40% met criteria for provisional diagnosis
of PTSD on IES-R at baseline. At postevaluation, 36% had
anxiety, 25% were with depression, and 27% still met cri-
teria for PTSD. HrQOL was higher in the in-person group
at postevaluation but not statistically significant based on
independent ¢ test (Fig. 3A). The mean difference between
the two groups in the change in VAS from pre to post was
0.09, which was approaching equivalence (Satterthwaite
t =14, p = 0.096) (Fig. 3B). Of the 25 patients working
prior to hospitalization, eight (32%) and an additional
five patients (n = 13, 52%) had returned to work at the
3- and 6-month time points, respectively.

Mortality, Readmissions, and Emergency
Department Utilization

Two patients required three unplanned hospitalizations
(Supplemental Table 2, http://links.Iww.com/CCX/
A756), and two patients required visits to emergency
department before the 6-month time point. There was
one death (3%) before the 6-month time point.

DISCUSSION

This study demonstrates that a multimodal treatment
program in the acute recovery phase can be delivered
safely to survivors of critical COVID-19. Of impor-
tance, a low adverse event rate and high attendance
in both groups support the safety and feasibility of
the program. The pragmatic nature of the study with
patients self-selecting their delivery pathway may
speak to increased participation and adherence among
the participants. At the time of study inception (March
2020), our study and clinic team decided against enroll-
ing a control group due to focus on pragmatic design
and uncertainty surrounding developing COVID pan-
demic. Thus, the results should be interpreted with cau-
tion as the study design limits inferences regarding the
efficacy of the program. Data from pre-post, however,
may provide preliminary evidence to design further
studies to test “embedded” and centrally coordinated
delivery of post-ICU medical and rehabilitation care.
Of interest, patients improved 6 MWD by 100 meters
over the study duration, which is triple the suggested
minimal detectable change (approximately 30 meters)
within the ICU population (46, 47). Furthermore, the
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At postevaluation, distances on 6-mintue walk distance (6 MWD) were a mean 61% =+ 26% of the predicted distance. B, Distances
improved for both groups from baseline to 3 months, but patients in the in-person group had a slightly higher change than that in the
telehealth (110 vs 80 meters, mean difference of 30.5, p = 0.51 using Satterthwaite equivalence t test). Distances at postassessment
were not statistically different between the in-person and telehealth cohorts with independent t test (t= 1.34, p = 0.19).
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Figure 3. Patients surviving critical coronavirus disease 2019 (COVID-19) self-report health-related quality of life (HrQOL). A, HrQOL
improved from mean 71 at baseline to 83 at postassessment in 29 survivors of critical COVID-19 (t = 3.85, p = 0.0005); seven patients
reported no change or worse quality of life from baseline to 3 mo post. B, QOL improved in both cohorts (+11.2 for in-person and +11.3

in telehealth groups), which was approaching statistically significant for equivalence (mean difference = 0.095, t = 1.40, p = 0.096).

EQ-5D = EuroQol, VAS = Visual Analog Scale.

distance at postevaluation was similar to historical
controls of previously published acute respiratory dis-
tress syndrome (ARDS) survivors assessed at the same
time point (320 + 138 [48, 49]; 281 [55-454] [50]) but
not different to a combined meta-analysis in survivors
of ICU with and without ARDS assessed 3 months
after discharge (361 [321-401]) (51). The findings,
however, provide the preliminary evidence, justifying
that patients surviving critical illness can participate
and may benefit from ICU aftercare provided through
interdisciplinary programs.

8 www.ccejournal.org

The purpose of this study was to assess the safety
and feasibility of an interdisciplinary ICU recovery
program that included embedded outpatient phys-
ical rehabilitation. The goal of the program was to
enhance the interconnectedness of medical and reha-
bilitation care in an attempt to reduce “fragmentation”
of care. Previous models of ICU aftercare including
our own clinic routinely perform multifaceted assess-
ments and refer to other healthcare specialists when
a need is identified (11, 12, 14, 52). Our pragmatic
design was formulated to enhance communication
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and collaboration with clinical goal to optimize out-
comes. Patients in this study and their outcomes were
similar to previous cohorts on non-COVID ICU sur-
vivors including age (~50 to 55 yr old), index severity
of illness (SOFA scores 9-10), and high occurrence of
physical, emotional, and cognitive impairments (14,
52). Of clinical interest, our subjects surviving severe
COVID-19 had similar rates of cognitive impair-
ments (53), anxiety (54), depression (55), and PTSD
(56) compared with previous findings in non-COVID
survivors in systematic reviews and meta-analyses.
Data are emerging that severe COVID-19 survivors
are at risk of one or more impairments related to re-
covery (57, 58).

Physical, emotional, and cognitive outcomes all
improved from baseline to postassessments, and there
were no differences between the two pragmatic groups.
Statistical analysis demonstrates that patients in both
groups had similar changes from pre to post. These
findings should be taken with caution since equiva-
lence tests were not significant at the 0.05 level likely
due to small sample sizes. Clinically, the telehealth
pathway requires substantial planning and attention to
safety in the patient’s home; the study does provide a
framework for future studies. Furthermore, our prag-
matic design included four occurrences when physical
outcomes were performed through telehealth sup-
ported by a caregiver, which may reduce the validity
and reliability of assessments and induce biases. There
were two patients who lived a considerable distance
from clinic but stated they did not prefer telehealth.
Thus, telehealth is not appropriate for every patient but
may be useful for patients living in areas with reduced
access to treatment. The concept of delivery interven-
tions via telehealth for ICU survivors is not new and
may lead to improved care by “removing financial, ge-
ographic, and societal barriers to recovery” (59).

Very little is known about the optimal delivery of
physical rehabilitation in ICU survivors and specif-
ically patients surviving severe COVID-19. There is
no consensus on the optimal aerobic intensity and
dosing for persons with acute and chronic lung di-
sease (23). Fatigue, muscle weakness, and anxiety or
depression are common symptoms posthospital dis-
charge in individuals surviving COVID-19 (8, 60-62).
Patients recovering from COVID-19 may also be at
risk of complications and new symptoms such as viral
myocarditis (63), thromboembolic complications

Critical Care Explorations

(64), postural orthostatic tachycardia syndrome, and
chronic fatigue syndrome (65). Thus, individuals with
or recovering from COVID-19 regardless of the initial
severity should undergo medical or risk stratification
screening before exercise or physical activity interven-
tions (66). A few patients in this study experienced
bouts of anxiety, racing heart rates, and one episode
of atrial fibrillation but did not present with symptoms
similar to postexertional malaise, potentially, due to
the low training intensities with focus on functional
recovery post-ICU. Breathing techniques and mind-
fulness training were added to our protocol to em-
phasize efficient respiratory muscle activation with
previous findings demonstrating that core stabilization
exercises with breathing techniques are more effective
in improving pulmonary function (26, 27). Subjective
reports from patients in both groups suggested that
breathing and mindfulness techniques became ha-
bitual practice. The findings of this study suggest that
combined aerobic, resistance, and breathing training is
teasible for COVID-19-related acute respiratory failure
and may lead to improvements in physical function.

This study’s primary limitation is the pragmatic de-
sign without a control, which prevents causative state-
ments and limits the ability to conclude on efficacy.
Furthermore, the multimodal design prevents inter-
pretation of the benefit of specific interventions. The
study is limited by the small patient numbers within
groups but may provide preliminary evidence to de-
velop and test similar interdisciplinary and embedded
programs. Finally, the study did not include blinding
that increases the risk of bias during outcome assess-
ments. Due to the limitations in the study design, the
study reports the pre-post outcomes as exploratory ev-
idence and should be interpreted with caution.

CONCLUSIONS

A multimodal treatment plan emphasizing ICU after-
care with an embedded physical rehabilitation pro-
gram is safe and feasible in patients surviving the ICU
for COVID-19 acute respiratory failure, when admin-
istered either in-person or through telehealth.
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