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Abstract
Introduction: A subset of patients with coronavirus disease 19 (COVID-19)
can develop severe illness, resulting in significant functional and cognitive defi-
cits that require acute inpatient rehabilitation. Guidelines following discharge
from acute inpatient rehabilitation have not yet been established. This study
seeks to establish outcomes of rehabilitation patients with COVID-19 and char-
acterize their need for long-term care.
Objective: To determine the functional outcomes and utilization of follow-upmedical
care for patients with COVID-19 90 days following discharge from acute inpatient
rehabilitation, as compared to rehabilitation impairment and age-matched controls.
Design: Prospective, single-center cohort study.
Setting: Inpatient rehabilitation facility (IRF).
Patients: Sixty-four patients recovering from COVID-19 and 64 age and impair-
ment group category controls were identified to answer survey questions fol-
lowing discharge from inpatient rehabilitation. A total of 36 patients participated
in the study (18 patients with COVID-19 and 18 controls).
Interventions: Not applicable.
Main Outcome Measure(s): Functional outcomes at discharge (GG Self-Care
and Mobility Activities items of the IRF-PAI Version 3.0), hospital readmissions,
and follow-up care sought by patients.
Results: The COVID-19 patient group had similar improvements in functional
outcomes as compared to controls. Patients with COVID-19 required fewer 0–90
day readmissions than their matched controls (22.2% vs 61.1%, P < .05), but
there were no differences in 0–90 day urgent care/emergency department visits,
clinic visits and use of outpatient therapies.
Conclusions: Patients with functional deficits as a result of COVID-19 who
require multiple therapy disciplines should be considered for acute inpatient
rehabilitation as this study demonstrates their ability to participate in and benefit
from IRF level care.

INTRODUCTION

In January 2020, the first confirmed case of coronavirus
disease (COVID-19) was reported in Washington State.
Soon after, the World Health Organization declared the dis-
ease a global pandemic.1 Since the detection of COVID-
19, there have been more than 30 million confirmed cases
and approaching 600,000 deaths in the United States
alone.2 Research in COVID-19 has been ongoing and
focused on identifying vulnerable populations.

For most patients with COVID-19, symptoms during
recovery are usually mild and do not require extensive
resources of care. However, a subset of patients are
diagnosed with severe COVID-19 and may develop criti-
cal illness, often requiring mechanical ventilation and a
prolonged hospital stay.3-5 Debility can be the result of
illness myopathy/polyneuropathy and may be accompa-
nied by cognitive dysfunction and respiratory failure. As
a result, these patients frequently require post-acute
rehabilitation before they can return home.3-6
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Currently, there is little research on the long-term
effects of COVID-19, including the outcomes of patients
with rehabilitation needs.7,8 Existing literature suggests
that many patients develop a decline in function follow-
ing critical illness, including those without COVID-19.
Critical illness myopathy/polyneuropathy has been
reported at rates of 25% to 83% depending on the ill-
ness.9 These complications lead to an increased num-
ber of hospital readmissions, outpatient appointments,
and assistance from home care services and inpatient
rehabilitation facilities (IRFs).10-12 Even with rehabilita-
tion, patients with debility are at high risk for being
readmitted to the hospital.13-14

The primary objective of our study was to examine
the acute rehabilitation course and its efficacy for
patients admitted to an inpatient acute rehabilitation
facility due to COVID-19 sequalae and compare their
outcomes to those of non-COVID-19 patients pre-
senting in the same age and impairment group. Our
secondary objective was to determine the COVID-19
group’s self-reported utilization of health care resources
post-discharge as compared to utilization of these ser-
vices by the non-COVID-19 cohort.

METHODS

This was a prospective, single-center cohort study of
patients admitted to a regional acute rehabilitation facil-
ity. This study was approved by the institution’s institu-
tional review board. Sixty-four IRF discharges of
COVID-19 patients were identified using rehabilitation
outcomes software (erehabdata.com). Sixty-four mat-
ched controls were selected based on having the same
admitting impairment group category (IGC) and similar
age (�5 years). Patients were admitted between April
9 to September 1, 2020 and were older than 18 years.

Sociodemographic data were gathered from the
hospital’s information in erehabdata.com. The following
elements were obtained for each patient: age; sex; eth-
nicity; body mass index (BMI); co-morbidities such as
heart disease (including coronary arterial disease and
congestive heart failure), hypertension, lung disease
(including asthma and chronic obstructive pulmonary
disease [COPD]), chronic kidney disease, cognitive
dysfunction, fatigue, muscle weakness, difficulty walk-
ing; The GG Self-Care and Mobility Activities Items
(Section GG0130 and GG0170) of the CMS issued
IRF-PAI Version 3.0. were included to assess func-
tional abilities at admission and at discharge. The GG
subscale is the sum of functional independence
assessments for eating, oral hygiene, toileting hygiene,
showering/bathing, upper body dressing, lower body
dressing, putting on/taking off footwear, sit to lying,
lying to sitting on side of bed, sit to stand, chair/bed-to-
chair transfers, toilet transfers, walking 10 ft, walking
50 ft with two turns, walking 150 ft, and 1 step (curb).

The 16 individual items are ranked on a scale of 1 to
6, with 6 representing complete functional indepen-
dence for the activity. GG subscale scores range from
16 to 96. Brief Interview for Mental Status (BIMS) were
included as an overall indicator of mental status.

Post-discharge health resource utilization data were
collected from patient responses to a brief standardized
questionnaire administered following patient discharge
via phone with a verbal informed consent. The ques-
tionnaire was generated by the authors, for the purpose
of this study. Sixty-two surviving COVID-19 patients
and their matched controls were called up to three
times on three separate occasions following IRF dis-
charge and queried using a scripted set of questions
regarding the frequency and reasons for any hospital
readmissions, urgent care/emergency room (ER) visits,
outpatient, and home visits occurring within 90 days of
IRF discharge. Fifty-two patients, including 23 patients
with COVID-19 and 29 control patients agreed to partic-
ipate in phone survey. Eighteen COVID-19 patients
and 18 matched controls were identified.

Statistical analysis

Data were analyzed using SPSS (IBM) Statistical Soft-
ware (V26). Fisher’s exact tests were used for categori-
cal variable comparisons. Independent sample t tests
were used in the comparison of continuous variables. A
P value of <.05 was used to determine statistical signifi-
cance. A post hoc power analysis using GPower found
the power of the study sample to be 0.80 for the detec-
tion of a small effect. This calculation assumes an
α-error probability of 0.05.

RESULTS

There were 64 adult patients admitted to inpatient reha-
bilitation following acute hospitalization with COVID-19
during the study period of April 9 to September 1, 2020.
Age and impairment matched controls were identified
for these patients. A total of 23 patients recovering from
COVID-19 and 29 control patients agreed to participate
in a post-discharge phone assessment. Eighteen age
and rehabilitation impairment group controls were
included in the study. Figure 1 describes the number of
patients participating or reasons for exclusion.

Patient characteristics and functional
outcomes

Table 1 compares the baseline characteristics of all
patients admitted to post-acute rehabilitation following
COVID-19 to the patients who participated in our study.
When compared, study participants were found to be
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similar in terms of race, sex, age, and BMI. Of all
COVID-19 admissions, most patients were admitted for
debility (66.1%) followed by right hemisphere stroke
(6.5%), non-traumatic brain injury (4.8%), poly-
neuropathy (4.8%), and neuromuscular disorders
(4.8%). Of patients who answered the questionnaire,
most presented with debility (94.4%) (Table 1). There
was no significant difference in acute hospitalization
length of stay or rehabilitation length of stay between all
COVID-19 patients admitted and the COVID-19
patients who completed the questionnaire (Table 1).
Functional independence levels assessed by the GG
subscale were not found to be statistically different at
admission or discharge between patients in our study
as compared to COVID-19 rehabilitation admissions
overall. The COVID-19 patients surveyed had a similar
discharge destination to all COVID-19 admissions. In
most cases COVID-19 patients returned home follow-
ing rehabilitation. Subacute nursing facility (SNF) dis-
charges were low (4.7%) among all COVID-19 patients,
and there were no SNF discharges included in the
patients surveyed. Two patients with COVID-19 passed
away while in rehabilitation.

Table 2 compares the matched control group partic-
ipants to the 18 patients with COVID-19. A comparison
of patient demographics revealed no statistically signifi-
cant difference in race, sex, age, and BMI. Patients with
COVID-19 compared to the control group had a signifi-
cantly longer acute hospitalization length of stay of
18 days as compared to 9 days, respectively (Table 2,
95% confidence interval [CI]: 0.39-15.2, P < .05). More
patients with COVID-19 required oxygen during acute
hospitalization as compared to controls (Table 2). In
terms of the condition prior to hospitalization, there was
no significant difference between prior self-care, func-
tional cognition, and prior living setting. Patients in the
control group did have significantly more comorbidities
as compared to the COVID-19 group (Tables 2, 95%
CI: 1.4-8.4, P < .01).

On admission assessments, physicians and
advanced practice practitioner believed that 94% of the
COVID cohort had cognitive dysfunction as compared
to 44.4% of the cohort. A Montreal Cognitive Assess-
ment (MoCA) was completed in 16 of the COVID-19
cohort patients during their admissions. These assess-
ments indicated mild to moderate impairment (scores
<26) in 10 of 16 patients, with an average score of 23.
There was no evidence of a comorbid neurological
diagnosis for any of the COVID-19 cohort members.
Nervousness and anxiety were more frequently docu-
mented in COVID-19 patients (61.1%) compared to
patients in the control cohort (22.2%). A comparison of
the GG subscale scores at admission revealed similar
levels of impairments in the functional independence
levels of patients in both cohorts. Furthermore, patients
in the COVID-19 cohort were found to reach functional
independence levels at discharge similar to their mat-
ched controls. All patients were discharged home, with
the majority of patients in both cohorts receiving home
care services such as visiting nurses or therapy.

Readmission and follow-up care

Table 3 compares the answers to the questionnaire
between patients of the control group and patients with
COVID-19. Rehospitalizations occurred at a rate of
22.2% in patients with COVID-19 infection. All four hos-
pital readmissions for COVID-19 occurred within the
first 30 days of discharge. Two of these
rehospitalizations were determined to be related to
sequala of COVID-19. The 30-day hospital readmission
rate did not differ between patients with COVID-19 and
patients of the control group. There was a significant
difference between groups in hospital readmissions
between 30 and 90 days. Hospital readmissions were
not present between 30 and 90 days within the COVID-
19 group, compared 38.9% of control patients requiring
a hospital readmission (P < .05). Urgent care and
emerency room visits were found to occur at similar

128 Patients Admitted from 
April 9th-September 1st, 2020 

-64 Patients with COVID-19 
-64 Matched Control Patients

41 Patients with COVID-19 Did Not Participate 
-36 Patients did not answer 

-3 Patients declined participation 
-2 Patients expired in IRF 

35 Matched Control Patients Did Not Participate 
-20 Patients did not answer 

-9 Patients declined participation 
-5 patients expired post IRF discharge 

-1 Patient was hard of hearing 

52 Patients Agreed to 
Participation 

-23 Patients with COVID-19 
-29 Matched Control Patients

36 Total Participants 
-18 Patients with COVID-19 
-18 Matched Control Patients 

16 Patients Excluded 
(No Match Identified) 

-5 Patients with COVID-19 
-11 Matched Control Patients 

F I GURE 1 Flowchart for rehabilitation patients enrolled in the

study. IRF, inpatient rehabilitation facility
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rates for patients with COVID-19 and control patients,
22.2% and 16.7%, respectively (Table 3).

Follow-up appointments with outpatient providers
occurred at a rate of 100% for both cohorts. There was
no significant difference in the percentage of patients

who followed up with their primary care physician fol-
lowing discharge between patients with COVID-19 and
the control group, 82.4% and 70.6%, respectively.
Patients with COVID-19 were found to make twice as
many visits to their primary care physician as patients

TAB LE 1 Comparison of the Characteristics of Patients with COVID-19: Total COVID-19 Rehabilitation Admissions vs Group Surveyed

All COVID-19
admissions N = 64

COVID-19 phone call
participants N = 18

Demographics

Race—N (%)

Asian 16 (25.0) 2 (11.1)

African American 6 (9.4) 2 (11.1)

Hispanic Latino 6 (9.4) 0 (0)

Pacific Island 1 (1.6) 1 (5.6)

White 35 (54.7) 13 (72.2)

Sex—N (% female) 27 (42.2) 8 (44.4)

Age (years)—median (IQR) 64 (55–76) 66 (58–72)

BMI (kg/m2)—median (IQR) 26.0 (22.5–29.4) 28.7 (25.8–30.5)

Acute hospitalization

Length of stay (days), median, (IQR) 18 (10–28) 18 (11–31)

Rehab hospitalization

Length of stay (days), median (IQR) 13 (8–20) 10 (7–16)

Impairment group category—N (%)

Right hemisphere stroke/L paresis 4 (6.3) 0

Left hemisphere stroke/R paresis 1 (1.6) 0

Stroke no paresis 1 (1.6) 0

Nontraumatic brain injury 3 (4.7) 0

Polyneuropathy 2 (3.1) 0

Guillain-Barré syndrome 1 (1.6) 0

Neuromuscular disorders 3 (4.7) 0

Hip fracture 1 (1.6) 0

Cardiac 2 (3.1) 0

COPD 1 (1.6) 1 (5.6)

Brain and multiple fractures 1 (1.6) 0

Debility 44 (68.8) 17 (94.4)*

BIMS 14 (11–15) 15 (13–15)

Functional measures

GG subscale on admission—score

Median (IQR) 49 (33–59) 56 (45–61)

GG Subscale on discharge—score

Median (IQR) 86 (68–94) 89 (75–94)

Discharge living setting

Home 22 (34.4) 7 (38.9)

Home with Home Health Service Org 34 (53.1) 10 (55.6)

Acute hospital 3 (4.7%) 1 (5.8)

Subacute nursing facility 3 (4.7) 0 (0)

Died 2 (3.1%) 0 (0)

Categorical variables (race, sex, impairment group category) were compared using Fisher’s exact tests. Continuous variables (age, BMI, length of hospitalizations,

CAREtool scores) were compared using independent sample t-tests. “*” indicates a significant difference as compared to control, P < .05. BMI, body mass index;

BIMS, Brief Interview for Mental Status; COPD, chronic obstructive pulmonary disease; IQR, interquartile range

JAIN ET AL. 621



TAB LE 2 Comparison of Control and COVID-19 Patients who Completed Phone Surveys

Control phone
call group N = 18

COVID-19 phone
call group N = 18

Demographics

Race—N (%)

Asian 1 (5.6) 2 (11.1)

African American 0 (0) 2 (11.1)

Pacific Island 0 (0) 1 (5.6)

White 17 (94.4) 13 (72.2)

Sex—N (% female) 12 (66.7) 8 (44.4)

Age (years)—median (IQR) 68 (61–78) 66 (58–72)

BMI—kg/m2 27.8 (24.2–33.3) 28.7 (25.8–30.5)

Prior condition

Prior self care (n, % Indep.) 17 (94) 18 (100)

Prior functional cognition (n,% Indep) 15 (83.3) 17 (94.4)

Prior living setting (n, % home) 18 (100) 17 (94.4)

Prior oxygen use (n,%) 3 (17.6) 0 (0)

Acute hospitalization

O2 use (n,%) 11 (61.1) 17 (94.4%)*

Trach placed (n,%) 1 (5.6) 2 (11.8)

LOS (median, IQR) 9 (5–16) 18 (11–31)*

Rehab hospitalization

Length of stay (median, IQR) 10 (7–13) 10 (6–15)

Impairment group category—N (%)

Debility 17 (94.4) 17 (94.4)

COPD 1 (5.6) 1 (5.6)

BIMS (median, IQR) 15 (13–15) 15 (13–15)

Total number of comorbidities per

patient—N (%)

20 (15–25) 15 (12–18)*

Asthma 3 (16.7) 2 (11.1)

Chronic kidney disease 6 (33.3) 1 (5.6)

COPD 6 (33.3) 2 (11.1)

Coronary artery disease 5 (27.8) 4 (22.2)

Difficulty walking 8 (44.4) 9 (50)

Fatigue 13(72.2) 17 (94.4)

Hyperlipidemia 8 (44.4) 8 (44.4)

Hypertension 14 (77.8) 16 (88.9)

Muscle weakness 11 (61) 9 (50)

Symptoms involving cog function

and awareness

8 (44.4) 17 (94.4)*

Anxiety/nervousness 4 (22.2) 11(61.1)*

Major depressive disorder 7 (38.9) 2 (11.1)

GG subscale admit (median, IQR) 55 (47–60) 56 (45–61)

GG subscale discharge (median, IQR) 87 (73–95) 89 (75–94)—see note

Discharge living setting (% with

home care)

Home 8 (44.4) 7 (38.9)

Home with Home Health Service Org 10 (55.6) 10 (55.6)

Acute hospital 0 (0) 1 (5.6)

Categorical variables (race, sex, impairment group category) were compared using Fisher’s Exact tests. Continuous variables (age, BMI, length of hospitalizations,

CAREtool scores) were compared using independent sample t-tests.”*” indicates a significant difference as compared to control, P < .05. Note that CARETool

discharge scores were only collected for 16 patients in the COVID-19 phone-call group due to having incomplete stays. BMI, body mass index; BIMS, Brief Interview

for Mental Status; COPD, chronic obstructive pulmonary disease; IQR, interquartile range; LOS, length of stay
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in the control group (Table 3, CI: 0.02 to 1.9, P < .05).
In addition, specialty outpatient providers, such as car-
diology, pulmonology, and neurology, were not utilized
at a different rate between patients. The control group
had a significantly higher number of visits with specialty
providers not included in our list, likely due to the larger
variety of preexisting comorbidities (2 vs 0, P < .05,
Table 3).

DISCUSSION

Patients with COVID-19 made significant functional
recoveries during inpatient rehabilitation, and were

discharged at functional independence levels compara-
ble to their age- and impairment-matched controls.
These patients will require significant medical
resources and a continuum of care over several
months to recover due to the severity and the resulting
functional and cognitive deficits of their illness. Patients
with COVID-19 in this study were, on average, in hospi-
tal level of care (acute care and IRF) for nearly a month
recovering from their illness before transitioning home
with additional support of home care or outpatient
therapy.

Both functional status and comorbidities have been
shown to be predictors of 30-day readmissions follow-
ing inpatient rehabilitation.14 Although our study did not
see a difference in the functional status between
COVID-19 and other debility patients at discharge,
patients in the control group did have many pre-existing
comorbidities. The comorbidities that were most com-
mon in the control group were chronic obstructive pul-
monary disease (COPD), asthma, chronic kidney
disease, hypertension, and coronary artery disease.
The control group also required more specialist pro-
vider follow-up care than did the COVID-19 group. It is
likely that the presence of these comorbidities led to a
higher rate of readmissions and follow-up care with a
specialist in the control group. Primary care physicians
tended to provide COVID-19 patients significant sup-
port upon their return to the community and were the
main source of medical care after discharge from acute
rehabilitation.

Although, many studies have identified risk factors
that appear to predispose individuals to experience
more severe illness from COVID-19, it is not yet fully
understood which patients with these risk factors will
progress on to develop severe illness. In acute care,
we found COVID-19 patients that required rehabilitation
before going home had twice as long of a length of stay
(18 vs 9 days) as the control cohort. This is likely due to
multiple factors such as severity of illness, need for
intensive care unit (ICU) level care, oxygen require-
ments, as well as external factors such as skilled nurs-
ing facility bed availability in the community. Despite
having longer acute hospitalizations, rehabilitation out-
comes, including functional independence scores and
length of rehabilitation stay, were similar.

Also of interest, 94% of patients with COVID-19 in
this study carried the ICD-10 code of deficits of cogni-
tive function and self-awareness. This reflects cognitive
deficits in “processing” documented by the providers
and advanced practice practitioners. This varied signifi-
cantly from the control group at 44%. This was
supported by MoCA scores obtained for the COVID-19
cohort indicating mild to moderate impairments present.
It is hard to say if psychological factors contributed to low
scores on the MoCA as nervousness or anxiety were
diagnosed in 11 of 18 COVID-19 patients. More compre-
hensive cognitive assessments are warranted, as

TAB LE 3 Long-term outcomes for COVID-19 patients following

rehabilitation

Control phone

call group

Number (%)

COVID-19 phone

call group

Number (%)

Hospital readmissions

Total 0–90 days (n,%) 11 (61.1) 4 (22.2)*

Due to rehab diagnosis (n,%) 3 (16.7) 2 (11.1%)

0–30 days (n,%) 5 (27.8) 4 (22.2)

30–90 days (n,%) 7 (38.9) 0 (0%)*

Urgent care/ER visits

Total 0–90 days (n,%) 3 (16.7) 4 (22.2)

Due to rehab diagnosis (n,%) 2 (11.1) 2 (11.1)

Outpatient visits

Total 0–90 days (N,%) 17 (100) 17 (100)

Total outpatient visits per patient

(median, IQR)

5 (3–8) 4 (2–6)

PCP (n,%) 12 (70.6) 14 (82.4)

PCP visits per patient (median,

IQR)

1 (0–2) 2 (1–3)*

Cardiology (n,%) 6 (35.3) 8 (47.1)

Cardiology visits per patient

(median, IQR)

0 (0–2) 0 (0–2)

Pulmonary (n,%) 4 (23.5) 7 (41.2)

Pulmonary visits per patient

(median, IQR)

0 (0–1) 0 (0–2)

Neurologist (n, %) 4 (23.5) 0 (0)

Neurologist median, IQR) 0 (0–1) 0 (0–0)

Other (n%) 11 (64.7) 5 (33.3)

Other (median, IQR) 2 (1–3) 0 (0–2)*

Outpatient PT/OT/speech (n,%) 5 (27.8) 2 (11.1)

Home care

Total nursing (n,%) 11 (61.1) 9 (50)

Total PT/OT/speech (n,%) 8 (44.4) 7 (38.9)

Categorical variables (n,% of patients receiving care) were compared using Fisher’s

exact tests. Continuous variables (number of visits) were compared using

independent sample t-tests.”*” indicates a significant difference as compared to

control, P < .05. Note that outpatient follow-up data were collected only for 17 patients

in each group. ER, emergency room; IQR, interquartile range; PCP, primary care

provider; PT, physical therapy; OT, occupational therapy
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cognitive dysfunction has been identified as a potential
sequela of COVID-1915-18 and nearly all the patients in
this study had some form of cognitive dysfunction. The
finding of cognitive dysfunction has been identified previ-
ously in COVID-19 patients; however, not to the extent
seen in this cohort. Studies examining rates of delirium or
other neurological symptoms among COVID-19 ICU
patients have noted rates as high as 84%.19 Although the
exact etiology is unclear, it is likely that the severity of ill-
ness and prolonged hospitalization may be contributing
factors.

Our study demonstrated that patients with COVID-
19 had similar improvements in functional outcomes as
compared to controls. We demonstrated that patients
with COVID-19 required fewer readmissions than their
matched controls in the 30- to 90-day periods and
required fewer follow-up visits with specialists after dis-
charge from inpatient rehabilitation. Patients who
require acute rehabilitation due to severe COVID-19
may display cognitive dysfunction.

LIMITATIONS

These results represent the findings of a single institu-
tion cohort and may not be representative of patients at
other IRFs. Patients in the study were admitted for
rehabilitation between April and September of 2020, a
time-frame in which the treatment strategies for
COVID-19 were rapidly evolving. This may have
increased the variability of our outcomes, and perhaps
even impacted the long-term outcomes of the patients
studied. Ninety-four percent of those surveyed were of
the debility impairment group category. Patients with
COVID-19 with other rehabilitation impairments, such
as stroke, non-traumatic brain injury, or neuromuscular
or cardiac-related impairments may have different
needs post discharge. The survey data are limited by
recall bias in those answering a phone survey. Given
that most patients with COVID-19 were found to have
some cognitive dysfunction while at rehabilitation, it is
possible they were prone to over- or under-reporting.
The accrual rate (28%) is low, but in line with other
phone-response rates.20 Not being able to connect with
patients was the number 1 reason for low accrual in our
study. Low accrual rates may lead to selection bias.
The power of our analysis may allow for small or mod-
erate differences in outcomes to go undetected.

CONCLUSIONS

The functional outcome data suggest that the COVID-
19 patient group recovered with rehabilitation efficien-
cies similar to those of their controls. Patients with func-
tional deficits as a result of COVID-19, requiring
multiple therapy disciplines, should be considered for

acute inpatient rehabilitation, as this study demon-
strates their ability to participate in and benefit from IRF
level care.

CONFLICTS OF INTEREST
None.

ORCID
Erin Y. Harmon https://orcid.org/0000-0002-5151-
2036

REFERENCES
1. Coronavirus Disease (COVID-19) Pandemic. Timeline: WHO’s

COVID-19 response. World Health Organization: https://www.

who.int/emergencies/diseases/novel-coronavirus-2019/interactive-

timeline#!. Accessed April 27, 2021.

2. United States of America Situation. WHO Health Emergency

Dashboard. WHO (COVID-19) Homepage. https://covid19.who.

int/region/amro/country/us. Accessed April 27, 2021.

3. Suleyman G, Fadel RA, Malette KM, et al. Clinical characteristics

and morbidity associated with coronavirus disease 2019 in a series

of patients in metropolitan Detroit. JAMA. 2020;3(6):e2012270.

https://doi.org/10.1001/jamanetworkopen.2020.12270.

4. Richardson S, Hirsch JS, Narasimhan M, et al. Presenting charac-

teristics, comorbidities, and outcomes among 5700 patients hospi-

talized with COVID-19 in the new York City area. JAMA. 2020;323
(20):2052-2059. https://doi.org/10.1001/jama.2020.6775.

5. Lewnard JA, Liu VX, Jackson ML, et al. Incidence, clinical out-

comes and transmission dynamics of severe coronavirus dis-

ease 2019 in California and Washington: prospective cohort

study. BMJ. 2020;369:m1923. https://doi.org/10.1136/bmj.m.

1923.

6. Kim SY, Kumble W, Patel B, Pruski AD, Azola A, Tatini AL. Man-

aging the rehabilitation wave: rehabilitation services for COVID-

19 survivors. Arch Phys Med Rehabil. 2020;101:2243-2249.

https://doi.org/10.1016/j.apmr.2020.09.372.

7. Lopez M, Bell K, Annaswamy T, Juengst S, Ifejika N. COVID-19

guide for the rehabiliation clinician: a review of nonpulmonary mani-

festations and complications. Am J Phys Med Rehabil. 2020;99(8):
669-673. https://doi.org/10.1097/PHM.0000000000001479.

8. Ceravolo MG, de Sire A, Andrenelli E, Negrini F, Negrini S. Sys-

temic rapid "living" review on rehabilitation needs due to

COVID-19: update to march 31st 2020. Eur J Phys Rehabil Med.
2020;56(3):347-353. https://doi.org/10.23736/S1973-9087.20.

06329-7.
9. Shepherd S, Batra A, Lerner DP. Review of critical illness myop-

athy and neuropathy. Neurohospitalist. 2017;7(1):41-48. https://
doi.org/10.1177/1941874416663279.

10. Hill AD, Fowler RA, Pinto R, Herridge MS, Cuthbertson BH,

Scales DC. Long-term outcomes and healthcare utilization fol-

lowing critical illness—a population-based study. Crit Care.
2016;20:76. https://doi.org/10.1186/s13054-016-1248-y.

11. Cheung AM, Tansey CM, Tomlinson G, et al. Two-year out-

comes, health care use, and costs of survivors of acute respira-

tory distress syndrome. 2006;174(5):538-544. https://doi.org/10.

1164/rccm.200505-693OC.

12. Herridge MS, Cheung AM, Tansey CM, et al. One-year outcomes

in survivors of the acute respiratory distress syndrome. N Engl J
Med. 2003;348:683-693. https://doi.org/10.1056/NEJMoa022450.

13. Ottenbacher KJ, Karmarkar A, Graham JE, Yong-Fang K, et al.

Thirty-day hospital readmission following discharge from post-

acute rehabilitation in fee-for-service Medicare patients. JAMA.
2014;311(6):604-614. https://doi.org/10.1001/jama.2014.8.

14. Shih SL, Zafonte R, Bates DW, et al. Functional status outper-

forms comorbidities as a predictor of 30-day acute care

readmissions in the inpatient rehabilitation population. J Am Med

624 IRF PATIENT OUTCOMES FOLLOWING COVID-19

https://orcid.org/0000-0002-5151-2036
https://orcid.org/0000-0002-5151-2036
https://orcid.org/0000-0002-5151-2036
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/interactive-timeline#!
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/interactive-timeline#!
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/interactive-timeline#!
https://covid19.who.int/region/amro/country/us
https://covid19.who.int/region/amro/country/us
https://doi.org/10.1001/jamanetworkopen.2020.12270
https://doi.org/10.1001/jama.2020.6775
https://doi.org/10.1136/bmj.m.1923
https://doi.org/10.1136/bmj.m.1923
https://doi.org/10.1016/j.apmr.2020.09.372
https://doi.org/10.1097/PHM.0000000000001479
https://doi.org/10.23736/S1973-9087.20.06329-7
https://doi.org/10.23736/S1973-9087.20.06329-7
https://doi.org/10.1177/1941874416663279
https://doi.org/10.1177/1941874416663279
https://doi.org/10.1186/s13054-016-1248-y
https://doi.org/10.1164/rccm.200505-693OC
https://doi.org/10.1164/rccm.200505-693OC
https://doi.org/10.1056/NEJMoa022450
https://doi.org/10.1001/jama.2014.8


Dir Assoc. 2016;17(10):921-926. https://doi.org/10.1016/j.jamda.

2016.06.003.

15. Mao L, Jin H, Want M, et al. Neurologic manifestations of hospi-

talized patients with coronavirus disease 2019 in Wuhan, China.

JAMA Neurol. 2020;77(6):683-690. doi: 10.1001/jamaneurol.

2020.1127

16. Heneka MT, Golenbock D, Latz E, Morgan D. Brown R immedi-

ate and long-term consequences of COVID-19 infections for the

development of neurological disease. Alzheimer’s Res Ther.
2020;12(1):69. https://doi.org/10.1186/s13195-020-00640-3.

17. Zhou H, Lu S, Chen J, et al. The landscape of cognitive function

in recovered COVID-19 patients. J Psychiatr Res. 2020;129:98-
102. https://doi.org/10.1016/j.jpsychires.2020.06.022.

18. Iaccarino MA, Tenfirde AS, Zafonte RD, Silver JK, Hefner J,

Paganoni S. Neurological manifestation of COVID-19 and the

enhanced role of physiatrists. Am J Phys Med Rehabil. 2020;99
(9):858-859. https://doi.org/10.1097/PHM.0000000000001502.

19. Helms J, Kremer S, Merdji H, et al. Delirium and encephalopathy

in severe COVID-19: a cohort analysis of ICU patients. Crit
Care. 2020;24:491. https://doi.org/10.1186/si3054-020-03200-1.

20. Sinclair M, O’Toole J, Malawaraarachchi M, Leder K. Compari-

son of response rates and cost-effectiveneness for a

community-based survey:postal, internet and telephone modes

with generic or personalized recruitment approaches. BMC Med
Res Methodol. 2012;12:132. https://doi.org/10.1186/1471-2288-
12-132.

How to cite this article: Jain E, Harmon EY,
Sonagere MB. Functional outcomes and post-
discharge care sought by patients with COVID-19
compared to matched controls after completing
inpatient acute rehabilitation. PM&R. 2021;13:
618–625. https://doi.org/10.1002/pmrj.12607

JAIN ET AL. 625

https://doi.org/10.1016/j.jamda.2016.06.003
https://doi.org/10.1016/j.jamda.2016.06.003
https://doi.org/10.1001/jamaneurol.2020.1127
https://doi.org/10.1001/jamaneurol.2020.1127
https://doi.org/10.1186/s13195-020-00640-3
https://doi.org/10.1016/j.jpsychires.2020.06.022
https://doi.org/10.1097/PHM.0000000000001502
https://doi.org/10.1186/si3054-020-03200-1
https://doi.org/10.1186/1471-2288-12-132
https://doi.org/10.1186/1471-2288-12-132
https://doi.org/10.1002/pmrj.12607

	Functional outcomes and post-discharge care sought by patients with COVID-19 compared to matched controls after completing ...
	INTRODUCTION
	METHODS
	Statistical analysis

	RESULTS
	Patient characteristics and functional outcomes
	Readmission and follow-up care

	DISCUSSION
	LIMITATIONS
	CONCLUSIONS
	CONFLICTS OF INTEREST
	REFERENCES


