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Description and Functional Outcomes of a Novel Interdisciplinary
Rehabilitation Program for Hospitalized Patients With COVID-19
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Objectives: The aims of the study were to describe an interdisciplinary
inpatient rehabilitation program for patients recovering from COVID-19
and to evaluate functional outcomes.

Design: This is an analysis of retrospective data captured from the
electronic health record of COVID-19 patients admitted to the rehabil-
itation unit (N = 106). Rehabilitation approaches are described narra-
tively. Functional gain was evaluated using the Activity Measure for
Postacute Care 6 Clicks, basic mobility and daily activities.

Results: Interdisciplinary approaches were implemented to address
the medical, physical, communication, cognitive, and psychosocial
needs of COVID-19 patients. COVID-19 patients exhibited significant
improvements in basic mobility (Activity Measure for Postacute Care
for basic mobility, P <0.001, Cohen d = 1.35) and daily activities (Ac-
tivity Measure for Postacute Care for daily activities, P <0.001, Cohen
d = 1.06) from admission to discharge. There was an increase in am-
bulatory distance as well as the percentage of the patients who were
able to breathe on room air. At discharge, fewer patients required sup-
plemental oxygen on exertion. Eighty percent of the patients were
discharged home after an average length of stay of 17 days. Greater
functional improvement was associated with younger age, longer intu-
bation duration, and participation in psychotherapy, but not a history
of delirium during hospitalization.

Conclusions: Early rehabilitation is associated with improved mobil-
ity and independence in activities of daily living after COVID-19.
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Physiotherapy, Activities of Daily Living
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OVID-19 is associated with complex multisystem impair-
ments' that result in physical, cognitive, and psychiatric
symptoms*® that impact function, necessitating inpatient
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What Is Known

* Hospitalized survivors of COVID-19 experience
multiorgan dysfunction, limited mobility, and limita-
tions in activities of daily living necessitating inpatient
rehabilitation.

What Is New

¢ We demonstrate that early interdisciplinary rehabilita-
tion promotes functional gain after COVID-19 and
describe correlates of functional improvement.

rehabilitation. Several barriers and challenges to rehabilitation
exist, particularly for individuals who remain COVID-19—positive
during hospitalization. These may include ongoing infectious-
ness, high medical acuity and complexity, limited opportunities
for social interaction, and inability to tolerate the minimum of 3
hrs daily of rehabilitation therapy required by traditional inpatient
rehabilitation facilities. Additional options for rehabilitation—
such as subacute rehabilitation and skilled nursing facilities—
may not provide patients with the interdisciplinary medical
care and intensive rehabilitation necessary to improve functional
outcomes.

In addition to these challenges, the therapeutic modifica-
tions required and functional outcomes associated with inpatient
rehabilitation for COVID-19 are not yet well described. Guide-
lines for COVID-19 rehabilitation have commented on early ad-
mission to inpatient rehabilitation, delayed admission to skilled
nursing facilities, and a push for discharge home if appropriate
family assistance is available.”'! Existing studies suggest bene-
ficial effects on respiratory function'” and endurance.'* How-
ever, there is little empirical data investigating whether inpatient
rehabilitation for COVID-19 is associated with improved physi-
cal functioning and independence in activities of daily living.

During the first wave of COVID-19, our medical center cre-
ated a hybrid medical/rehabilitation unit, the COVID-19 recovery
unit (CRU)."* The unit was led by an internist and a physiatrist
with a heavy emphasis on interdisciplinary approaches to early
COVID-19 rehabilitation. The objectives of this study were to
(1) describe the unit setting and rehabilitation interventions ad-
ministered, (2) evaluate functional gains in mobility and activities
of daily living, and (3) explore correlates of functional gain.

METHODS

Sample

This was an observational study via retrospective elec-
tronic health record extraction of 106 patients admitted to the
CRU between April 24, 2020, and July 17, 2020, at which time
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the unit closed. Criteria for admission were ongoing medical
and rehabilitation needs, less than 6 liters of oxygen requirements
at rest, and antici}i)ation of at least one additional week of
inpatient-level care.'* Most patients were treated in intensive care
before transfer to the CRU, although this was not a strict criterion
for admission. Patients were weaned off sedation and ventilation
within the acute/intensive care unit setting rather than on tradi-
tional step-down units because of limited availability to transfer
patients during the surge of cases. Our hospital continued to main-
tain a traditional general inpatient rehabilitation unit. COVID-19
patients who went to this traditional inpatient rehabilitation unit
were deemed able to tolerate the standard 3 hrs/d of therapy,
whereas those were suspected of being unable to initially tolerate
this intensity of rehabilitation flowed to the CRU. Exclusion
criteria to the CRU included ongoing mechanical ventilation or
a need for 24-hr 1:1 observation (e.g., for agitation or risk of
self-harm). The previously mentioned admission and exclusion
criteria were determined by acute care physical and occupational
therapists and a consult physiatrist. The Weill Cornell Medicine
Institutional Review Board approved the retrospective data extrac-
tion from the electronic health record; the requirement for informed
consent was waived. This study conforms to all Strengthening
the Reporting of Observational Studies in Epidemiology guidelines
and reports the required information accordingly (see Supple-
mentary Checklist, Supplemental Digital Content 1, http://
links.lww.com/PHM/B412). Patient demographic and clinical
data are provided in Table 1.

Setting and Interdisciplinary Interventions

The CRU was a 30-bed, converted inpatient psychiatric
unit that included large spaces previously used for milieu
groups and meetings as well as individual therapy rooms,
which were transformed into rehabilitation gyms and space
for group activities on the CRU. In all other aspects, the unit
had the layout of a traditional medical ward with a centralized
nursing station. The available space allowed for COVID-19—
positive and COVID-19—negative patients to separately engage
in therapy sessions out of their rooms. In adherence to the med-
ical center’s infection prevention guidelines, the CRU housed
two separate therapy gyms for positive/negative patients. Each
gym had air filtration, cleaning protocols, signage, and verbal
communication between treating team members. Social dis-
tancing between patients was observed in all spaces. Rehabili-
tation equipment was chosen based on the ability to be cleaned.
Outside the gyms was a makeshift staircase with four 6-inch
steps and bilateral handrails used for physical therapy (PT).
The hallways measured 200 and 150 feet in length with markers
every 50 and 20 feet, respectively.

Patients on the CRU received daily PT and occupational
therapy (OT), as well as speech-language pathology (SLP), neu-
ropsychology, psychiatry, neurology, and pulmonology consul-
tation as needed. The OT/PT staff were reassigned from other
units, and nursing staff consisted of float nurses from other ser-
vices and travel nurses. While the unit physiatrist was able to
manage much of patients’ ongoing medical needs, the presence
of embedded internal medicine (hospitalist) physicians enabled
real-time collaboration on a wide variety of cardiac, pulmonary,
and renal sequelae of COVID-19, including recommendations
for oxygen delivery. Internists provided care analogous to a
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TABLE 1. Demographic and clinical characteristics of 106 patients
admitted to the CRU

N=106
n (%) or
Mean (SD)
Demographic characteristics
Age, yr 64 (14)
Sex
Male 79 (74.5%)
Female 27 (25.5%)
Race/ethnicity
White 30 (28.3%)
Latino 19 (17.9%)
Black 14 (13.2%)
Asian 22 (20.8%)
Other 13 (12.3%)
Unknown/not documented in chart 8 (7.5%)

Pre-COVID status
Functional level

Home independent 69 (65.1%)

Home with assistance 8 (7.5%)
Facility 4 (3.8%)
Unknown/not documented in chart 25 (23.6%)
Employment status
Working 36 (34%)
Retired 18 (17%)
Unemployed 9 (8.5%)
Disabled 8 (7.5%)
Unknown/not documented in chart 35 (33%)
History of cognitive disorder 6 (5.7%)

Preexisting vascular or metabolic disease
(e.g., hypertension, hyperlipidemia, diabetes
mellitus, obstructive sleep apnea)
Acute hospitalization
Documented delirium
Length of intubation, median (interquartile range), d
Documented hypoxia or hypoxemic respiratory failure

43 (40.6%)

56 (52.8%)
13 (0-20.5)
81 (76.4%)

Tracheostomy 33 (31.1%)
Length of stay on acute floor, d 35(23.78)
CRU course

Received psychotherapy
AMPAC: DA scores

43 (40.6%)

Admission 7 score 34.6 (7.8)

Discharge T score 43.5(9.4)
AMPAC: BM scores

Admission 7 score 345 (8.2)

Discharge T score 453 (9.0)
CRU length of stay, d 17.3 (8.9)
Total hospital length of stay, d 53 (28.3)
Discharge disposition

Home (with or without services) 85 (80%)

Subacute rehabilitation or skilled nursing facility 10 (9%)

Transferred back to acute medical floor 6 (6%)

Transferred to another unit or hospital after CRU 5 (5%)

closed
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step-down medical setting for patients who decompensated.
Physiatry was thus able to focus on managing bracing/splinting,
musculoskeletal, and neurologic issues that arose in patients,
as well as evaluated and managed symptoms that limited func-
tion or therapy participation (e.g., tone/spasticity management).
Registered nurses from a separate preexisting inpatient rehabil-
itation unit floated to the CRU to assist the CRU nurses with
training and adjusting to a rehabilitation setting. Nurse-to-patient
ratios were 4:1 or 5:1 based on staffing.

On average, patients received PT and OT sessions 5-6 d/wk,
for approximately 60—90 mins per day each. Speech-language
pathology sessions varied between 30 and 60 mins, 3-5 d/wk.
The flexible dosing of rehabilitation enabled personalized care,
which was greater in frequency and intensity than patients would
typically receive at bedside on acute medical floors in our hospital
(i.e., typically 30-min PT or OT sessions, 2—3 times each week),
although less intense than in a traditional inpatient rehabilitation
facility (90-min PT and OT sessions, 6 times each week).

Vital signs were continually monitored. Each rehabilita-
tion therapist was given a portable pulse oximeter. Dinamap
devices were in both therapy gyms. Vital sign monitoring was
implemented because of the nature of the disease and concern
for the negative impact of overexertion. Vital sign monitoring
enabled rehabilitation therapists to pace activities by conserva-
tively pushing patients while implementing rest breaks based
on heart rate and oxygen saturation levels.

A clinical neuropsychologist and neuropsychology fellow
were embedded on the unit and implemented cognitive and
psychological screening evaluations as well as individual and
group-based cognitive-behavioral interventions.”"> Consultation/
liaison psychiatry was consulted for patients with more severe
psychiatric symptoms, sleep difficulty, and/or residual delirium.

Interdisciplinary communication was essential to the CRU.
Morning huddles occurred daily and consisted of charge nurse re-
ports on patient clinical status and updates on implementation of
team-based goals. Unlike the acute care discharge planning pro-
cess where the discharge date was typically determined by the
medical team, estimated discharge date on the CRU was deter-
mined by the primary PT/OT team based on patient functional
status. Patient beds on the CRU were billed acute hospital beds.
Financial support for rehabilitation was provided by our hospital
and medical college as well as part-time staff redeployment.

Therapeutic Interventions

Table 2 outlines specific impairments and interventions
implemented in response to the complex clinical presentations
of this patient population. At times, standard of care was sufficient
to target sequelae of COVID-19, whereas on other occasions,
modifications were necessary. Techniques such as conserva-
tive activity pacing, frequent monitoring of oxygen saturation,
and change in oxygen delivery methods were especially crucial
for progress with functional mobility, activity tolerance, and
outcomes. Flexible durations of PT/OT sessions and integra-
tion of cognitive-behavioral strategies to manage anxiety and
isolation were also among the most important and unique mod-
ifications required for the COVID-19 population.

Musculoskeletal

Patients presented with varying levels of unilateral and bi-
lateral weakness. The causes of these deficits were thought to
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commonly reflect critical illness polyneuropathy and on occa-
sion were thought to be related to previous prone positioning
while intubated. During ambulation, ace wrapping and off-
the-shelf ankle-foot orthoses were used, as well as supportive
bracing and customized splinting.

Cardiopulmonary

Patients required varying titrations and forms of supple-
mental oxygen as well as increased recovery times relative to
usual care, often with a resting/recovery duration greater than
or equal to that of the activity. Patients were eventually trained
and educated on using portable pulse oximeters to monitor heart
rate and oxygen saturations at rest and with activity. Tachycardia
with low level exercise was prominent in this patient population
further adding to the importance of pacing all activities.

Neurologic

Neurologic sequelae observed included sensory loss, im-
paired nerve conduction, myopathies, brachial plexopathies,
and weakness. Commonly used were neuromuscular re-education
techniques, neuromuscular electrical stimulation, and adapta-
tion exercises for vestibular hypofunction.

Dysphagia

Bedside clinical evaluations and modified barium swallow
evaluations were conducted with safety measures in place in-
cluding enhanced sterilization procedures and having patients
avoid opening their mouth to assess vocal quality. Although
these techniques as well as fiberoptic endoscopic evaluations
are considered aerosol generating, the latter was deemed to
carry increased exposure risk based on published guidelines'®
and discussion with our institution’s ENT physicians. Thus,
fiberoptic endoscopic evaluations were not used during the pan-
demic for COVID-19—positive or COVID-19—negative patients
at our institution. Patients commonly presented with fatigue
and compromised stamina resulted in poor ability to masticate
harder solids effectively, despite having full dentition. Initia-
tion was an important factor as well, given that some patients
had not swallowed for quite a while and had a delay in the
timing of the swallow trigger. Ice chips were always encour-
aged to practice swallow integrity, after oral care.

Communication

Speech-language pathology assisted in managing tracheos-
tomies. During these sessions, oxygen saturation, heart rate, and
respiratory rate were monitored throughout. Speaking valve tri-
als were conducted with full SLP supervision, for monitoring
tolerance, quality, volume, and pitch of speech.

Cognition

Many patients required cognitive remediation, which of-
ten targeted orientation, memory, attention, executive function-
ing, and awareness.’ Given visitation restrictions, the use of
iPads and room whiteboards were used for orientation. Neuro-
psychology also provided individual/group cognitive remedia-
tion by using compensatory strategies (e.g., memory books)
and providing strategies and education on factors that could
impact cognitive functioning, such as sleep and anxiety.
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Psychological Interventions and Procedures to
Mitigate Social Isolation

Neuropsychology evaluated and treated patients who exhib-
ited cognitive difficulties, anxiety, or amotivation or those who
express feelings of isolation or low mood. Treatment included
individual cognitive-behavioral therapy (1-2 times per week)
and/or group psychotherapy (twice weekly). Groups focused
on building resilience and skill building to mitigate isolation,
anxiety, low mood, sleep disturbance, and cognitive difficul-
ties.!> Because of the diversity of symptom presentations and
patient racial, ethnic, and cultural backgrounds, social groups
were created specifically to cohort patients facing similar chal-
lenges and those who spoke the same native languages.

Assessment of Functional Outcomes

The primary assessment of functional outcome was the
Activity Measure for Postacute Care 6 Clicks for basic mobil-
ity (AMPAC-BM) and daily activities (AMPAC-DA), com-
pleted on admission to the CRU and just before discharge.
The AMPAC-BM and AMPAC-DA assess functional/activity
limitations using six items each, with each item being scored
from 1 to 4 based on the difficulty a patient has or how much
help is needed from another person. The AMPAC-BM items
include items assessing transfers, ambulation, and stair climbing,
and AMPAC-DA items include items assessing upper and lower
body dressing, grooming, and feeding. Scores are standardized
to T scores (mean of 50 and SD of 10); lower scores represent
greater need for assistance and reduced functional independence.
The AMPAC-BM and AMPAC-DA demonstrate strong conver-
gent validity (correlation with the Functional Independence Mea-
sure), internal consistency, interrater reliability, responsiveness
to change, and correlation with discharge destination.'” '

Also extracted from the electronic health record were dis-
charge disposition, categorized as home, transfer to another re-
habilitation facility, nursing facility, or an acute medical floor.
We also extracted—at admission and discharge—ambulatory
status (yes/no), distance ambulated in feet, ability to breathe
on room air at rest (yes/no), and requirement of supplemental
oxygen on exertion (yes/no). We chose to investigate the associ-
ation between age, delirium, and participation in psychotherapy
as correlates of functional gain because of previous research in-
dicating that these factors predict rehabilitation outcome in other

50 +
40 1

30 +

20 +

populations.”>>*> We were particularly interested in evaluating
relationships between functional gain and delirium and psycho-
therapy, because of the high rates of previous delirium in our co-
hort and because of patients’ significant psychosocial needs. We
also investigated the association between intubation (as a marker
of illness severity) and functional gain.

Statistical Analysis

Paired samples ¢ tests were used to evaluate admission to
discharge change in AMPAC-BM, AMPAC-DA, and ambula-
tory distance (feet). Effect sizes are reported as Cohen d. We
calculated the number (percent) of patients who met the estab-
lished 90% confidence interval minimal detectable change on
the AMPAC 6 Clicks, the mean rate of AMPAC change (total
admission to discharge change in AMPAC-BM and AMPAC-DA
divided by length of stay), and the number (percent) who were
discharged home. We calculated the percentage of patients—at
admission and discharge—who were ambulatory, who could
breathe on room air at rest, and who required supplemental ox-
ygen on exertion during physical therapy. We calculated
change scores for the AMPAC-BM and AMPAC-DA from ad-
mission to discharge and used nonparametric statistical tests
(Mann-Whitney U and Spearman rank-order correlation) to eval-
uate the relationship between change in AMPAC-BM and
AMPAC-DA T'scores and age, whether patients were intubated
(yes/no), intubation length, documented delirium in the inten-
sive care unit (yes/no), and whether patients participated in at
least one individual and/or group psychotherapy session led
by neuropsychology (yes/no). We used nonparametric tests for
this latter analysis because AMPAC-BM and AMPAC-DA
change scores deviated significantly from normality.

RESULTS

Table 1 provides information on COVID-19 patient demo-
graphic, medical, and clinical characteristics.

Functional Outcomes

COVID-19 patients exhibited a significant improvement
in AMPAC-DA T score from admission to discharge (Fig. 1)
with a large effect size: #105)=10.97, P <0.001, mean 7 score
change = 8.96 (95% confidence interval [CI] = 7.34-10.58),
Cohen d = 1.06. Similarly, patients exhibited a significant

AMPAC-BM
m Initial T-Score

AMPAC-DA

Discharge T-Score

FIGURE 1. Mean change in T score on the AMPAC 6-Clicks Scales assessing DA and BM from admission to discharge. Error bars represent standard

error of the mean.
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improvement in AMPAC-BM T score from admission to dis-
charge with a large effect size: #(104) = 13.85, P <0.001, mean
T score change = 10.63 (95% CI = 9.10 to 12.15), Cohen
d=1.35. Eighty of the patients (76%) met the minimum detect-
able change cutoff for the AMPAC-BM and 66 (62%) met the
minimum detectable change cutoff for the AMPAC-DA.'” Pa-
tients made an average daily gain on the AMPAC-DA of 0.65
(SD = 0.73) T score points and an average daily gain of 0.74 T
score points (SD = 0.58) on the AMPAC-BM. Sixty-six percent
of the patients were ambulatory at admission. At discharge, 92%
were ambulatory. There was a significant improvement in dis-
tance ambulated in feet from admission to discharge with a large
effect size: #102) = 8.57, P < 0.001, mean change = 224.1
(95% CI = 172.2 to 275.93), Cohen d = 0.85. At admission,
68% of the patients could breathe on room air and 23% required
increased oxygen on exertion. At discharge, 81% could breathe
on room air and 14% required increased oxygen on exertion.

Eighty-five patients (80%) were discharged home, whereas
10 (9%) were discharged to a skilled nursing facility or subacute
rehabilitation facility, six (6%) required medical transfer off the
unit to an acute medical floor, and five (5%) were transferred to
another unit/hospital for further rehabilitation after the unit
closed in July 2020.

There were no medical emergencies, unplanned decannulations,
codes, rapid responses, or deaths on the CRU. Twelve falls oc-
curred on the unit. Line dislodgements were minimal as lines
were typically only used to attach to supplemental oxygen and
Foley catheters.

Correlates of Functional Gain

Age correlated negatively but modestly with improvement
in AMPAC-BM (rs = —0.27, P = 0.005) but not AMPAC-DA
(rs=-0.11, P=0.26). Length of intubation was positively cor-
related with gain in AMPAC-BM (7 = 0.33, P = 0.001) and
with AMPAC-DA (rs = 0.25, P = 0.012). On the AMPAC-
DA, the patients who had been intubated had greater functional
gain than those who were not intubated (mean difference = 5.2,
95% CI = 2.26 to 8.14, Mann-Whitney U = 855, P = 0.004,
Cohen d = 0.65). Similarly, on the AMPAC-BM, the patients
who had been intubated had greater functional gain than those
who were not intubated (mean difference = 5.91, 95% CI =
3.25 to 8.57, Mann-Whitney U = 683.5, P < 0.001, Cohen
d=0.82). Patients who had documented delirium did not differ
in their change in function compared with patients who did not
have delirium (AMPAC-DA: mean difference = 2.7, 95%
CI =-0.47 to 5.89, Mann-Whitney U = 1159, P = 0.127,
Cohen d = 0.33; AMPAC-BM: mean difference = 2.4, 95%
CI=-0.56 to 5.42, Mann-Whitney U = 1184, P =0.227, Co-
hen d = 0.38). Compared with patients who did not engage in
individual/group psychotherapy, patients who received individual/
group psychotherapy had greater functional gains in basic mobility
(AMPAC-BM: mean difference = 3.97, 95% CI = 0.96 to 6.98,
Mann-Whitney U = 997, P = 0.029, Cohen d = 0.52), and a
gain in daily activities at a trend level (AMPAC-DA: mean dif-
ference = 2.25, 95% CI = —1.03 to 5.54, Mann-Whitney
U=1071.5, P=0.068, Cohen d = 0.27; Fig. 2).

DISCUSSION

We developed an inpatient, intensive interdisciplinary re-
habilitation program co-led by physiatry and internal medicine
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to address the functional limitations of hospitalized COVID-19
patients. Patients made significant gains in basic mobility and
activities of daily living, as well as distance ambulated, with
large effect sizes for all measures. There was an increase in
the percentage of patients who were able to breathe on room
air. At discharge, fewer patients required supplemental oxygen
on exertion. Eighty percent of patients were discharged home.
Greater functional gain was associated with having been
intubated and the length of intubation, younger age, and partic-
ipation in individual/group psychotherapy but was not associ-
ated with a history of delirium.

Many have argued in the literature for the need for early
inpatient rehabilitation for COVID-19 survivors.”> 2> Here,
we demonstrate that such a program can improve mobility
and limitations in activities of daily living, as well as increase
walking capacity and pulmonary function. Our results are con-
sistent with, and expand upon, initial work with relatively small
samples that has demonstrated that inpatient rehabilitation can
enhance respiratory function, endurance, and activity tolerance
after COVID-19."*"3¢ Our findings are also consistent with
research that has shown outpatient rehabilitation programs to
be efficacious for COVID-19 patients after hospitalization.?”

Although our unit had many similarities to traditional in-
patient rehabilitation, other aspects were unique. First, integrat-
ing internal medicine (hospitalist) physicians as part of the core
team allowed us to admit patients who were more medically
complex and less stable than traditional rehabilitation. It also
enabled us to start rehabilitation earlier than traditional inpa-
tient rehabilitation (e.g., as soon as patients were on nasal can-
nula) and to incorporate more intensive and integrated medical
management of the patients. We note that only 6 of 106 patients
had to be transferred off the unit to an acute medical unit. In-
tegration of internal medicine facilitated management of
cardiac, pulmonary, and renal complications, including for
patients who decompensated, and also enabled flexible oxy-
gen delivery, which may have increased tolerance and partic-
ipation in rehabilitation. Second, dosing of rehabilitation
was flexible (between 60 and 90 mins daily) and could be ti-
trated on an individual basis. Third, therapy-specific modifica-
tions described in Table 2 were implemented, most impactfully
conservative activity pacing, frequent monitoring of vitals and ox-
ygen saturation, and a heightened focus on dysphagia treatment
for trached patients. Furthermore, our setting enabled partici-
pation in rehabilitation therapies outside of the room, which
was important for socialization and increasing the breadth of
interventions available, in contrast with other programs in
which rehabilitation was conducted entirely within patient
rooms.>® Overall, our unit blended features of traditional inpa-
tient rehabilitation, long-term acute care hospitals, and early
mobilization programs.

Participation in individual and group psychotherapy led
by neuropsychology was associated with improved functional
gain in mobility. Although a causal link cannot be established,
it is possible that addressing anxiety, isolation, and stress led to
greater participation and engagement in rehabilitation and less
disability.?* Our finding is consistent with research demon-
strating that psychological interventions embedded in inpatient
spinal cord injury rehabilitation are associated with improved
functional outcomes at discharge,*” and that inpatient psycho-
therapy for critical illness survivors can improve postdischarge
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FIGURE 2. Change in T score from admission to discharge on the AMPAC subscales by age, intubation duration, delirium documented during
intensive care, and engagement in individual and/or group psychotherapy while on the CRU. Error bars represent standard error of the mean.

psychiatric outcomes.*! However, it is also possible that pa-
tients experiencing greater functional gains were more willing
and able to participate in psychotherapy. Nonetheless, this
finding highlights the value of an interdisciplinary approach
in which interventions targeting cognitive and emotional func-
tion are integrated within acute medicine/rehabilitation ser-
vices. We also speculate that a disease-specific unit in which
all patients were recovering from COVID-19 may have contrib-
uted to positive outcomes by streamlining care and enabling
patients to discuss their unique experience with, and support,
one another in psychotherapy and social groups.

Interestingly, patients who were intubated and were intubated
for longer durations had greater functional recovery than those pa-
tients who were not intubated. Although this may reflect a regres-
sion to the mean or a “lower baseline”” from which to demonstrate
recovery, it does indicate that our interdisciplinary rehabilitation
program had benefits for those patients who underwent prolonged
and invasive medical procedures. We also demonstrate that func-
tional gain was not associated with the previous presence of delir-
um, suggesting that our approach was equally effective for
patients who had and had not experienced delirium in the in-
tensive care unit. Qualitatively, we note that those patients
who benefited from services on the unit tended to initially
present as highly medically complex and deconditioned, re-
quiring an initial lower “dose” of rehabilitation (i.e., less

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

than 3 hrs/d). Staff also observed qualitatively that patients
who seemed to not benefit as much had a high burden of
preexisting, chronic illnesses.

Additional unique modifications on the CRU may have en-
abled successful functional outcomes. While interdisciplinary
rounds are common in traditional inpatient rehabilitation settings,
daily rounds and PT/OT driven estimated discharge dates were
unique to this program delivered in acute care. This facilitated a
rehabilitation-centric approach from the entire medical team as
well as rehabilitation sessions with minimal interruptions to allow
patients to complete their daily treatments. This approach also
streamlined complex medical care by allowing for frequent
bedside assessments performed by consulting services outside
therapy times. Extensive in-services provided by nurses, respi-
ratory therapists, and SLP helped educate both the core reha-
bilitation team and the hospital medicine team.

Limitations

This COVID-19 rehabilitation program was feasible be-
cause of the financial commitment and institutional capabilities
of this large, urban, academic institution, which may not be
possible in smaller hospital systems. However, we were able
to admit patients who were highly racially, ethnically, and de-
mographically diverse and thus captured a patient population
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that is largely underrepresented in rehabilitation literature. Ad-
ditional staffing and equipment were also essential and may
not be feasible elsewhere. The patients on the CRU were from
the first wave of the COVID-19 pandemic in spring 2020,
which may not be representative of the rehabilitation needs
of subsequent waves of COVID-19 survivors. Our study was
not a randomized trial in which we can definitely attribute
functional gains to rehabilitation interventions.

CONCLUSIONS
Inpatient rehabilitation for COVID-19, in a hybrid medicine/
rehabilitation unit coled by physiatry and internal medicine, is as-
sociated with significant functional gains. Our approach may in-
form interdisciplinary rehabilitation approaches in other medical
centers, both for COVID-19 and for other patient populations
with critical illness and multisystem/multiorgan dysfunction.
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