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Background: The need for rehabilitation and skilled nursing services for coronavirus disease 2019 
(COVID-19) survivors has been speculated from the beginning of the pandemic. However, real-world 
data describing utilization of these services post COVID-19 hospitalization and the factors associated with 
the same is limited. This retrospective cohort study on COVID-19 patients aims to identify the patients 
discharged to inpatient rehabilitation or nursing facilities post-hospitalization and the factors associated with 
the same.
Methods: A retrospective cohort study on COVID-19 patients during second wave of the pandemic in the 
state of Michigan. Primary outcome was discharge disposition. Binary logistic regression was conducted to 
identify the factors associated with discharge to a facility.
Results: A total of 559 COVID-19 patients [median age 64 years, interquartile range (IQR) 53–73 years, 
48.5% males (n=271), 67.6% Blacks (n=378)] were included in the study. During hospitalization, 17.4% of 
the patients (n=97) died. Around 65% (n=365) patients were discharged home whereas 12.5% (n=70) were 
discharged to a facility for inpatient rehabilitation/nursing services. Older patients, males, those with longer 
hospital stay, and patients who needed new percutaneous endoscopic gastrostomy (PEG) tube, tracheostomy, 
initiation of hemodialysis or continuous renal replacement therapy (CRRT), or had an acute stroke during 
admission were more likely to be discharged to a facility post-hospitalization.
Conclusions: About 12.5% of hospitalized COVID-19 patients needed discharge to a facility for inpatient 
rehabilitation/nursing services. Knowledge of the factors associated with discharge to a facility can optimize 
discharge planning, efficient resource allocation, and improve long-term COVID-19 care.
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Introduction

Coronavirus disease 2019 (COVID-19) has affected more 
than 560 million individuals globally and resulted in the 
loss of 6.37 million lives as of July 15, 2022 (1). The current 
global pandemic has impacted every aspect of human life. 
With numerous lockdowns, school shutdowns, travel bans, 
approval of vaccines, massive vaccination drives around 
the world, the urge to return to normalcy is ubiquitous. 
Much of the literature on the patients hospitalized with 
COVID-19 has focused on mortality and other severe 
disease outcomes such as intensive care admission and the 
need for mechanical ventilation (2-7). A relatively high 
number of patients hospitalized with COVID-19 require 
intensive care unit (ICU) admission and mechanical 
ventilation. The rates of mortality in hospitalized patients 
in the United States have been reported to be between 
9.06% to 15.65% (8) and a study from the United Kingdom 
noted a reduction in mortality from 41.4% in March 2020 
to 24.8% in June 2020 (9).

Studies have reported decreased in-hospital mortality, 
lower severity of disease, and a reduced need for ICU in 
the subsequent waves of the COVID-19 pandemic (10,11). 
The struggle of different nations with the immediate impact 
of the COVID-19 and the significant concern about the 
long-term morbidity in critically ill COVID-19 patients 

has been documented. Experts have been concerned about 
an increased probability of a high incidence of post-ICU 
morbidity in COVID-19 patients and the challenges in 
effective rehabilitation of these patients (12,13).

Since the beginning of the pandemic, it has been 
recognized that skilled rehabilitation services would play 
a vital role in assisting the individuals recovering from 
COVID-19 associated critical illness (14,15). Experts 
have speculated that skilled services would be required 
by COVID-19 survivors, especially those who needed 
hospitalization, to optimize functional independence and 
reintegration into the community (16). However, little 
data is available regarding the utilization of inpatient 
rehabilitation/skilled nursing services post COVID-19 
hospitalization.

The current pandemic has severely strained the health 
care resources throughout the world, especially during 
the surges. During the second wave of COVID-19 in 
Michigan, rates of COVID-19 hospitalization increased 
from 4.5 per 100,000 population in early October 2020 to 
peak of 29.7 per 100,000 population in early December 
2020, plateauing to 21 per 100,000 population in late 
March 2021 (17). Different health care settings responded 
to the pandemic by setting up temporary field hospitals and 
expanding the capacity of ICUs. However, there is minimal 
information regarding the ability of rehabilitation units 
to meet the increasing demand caused by COVID-19. A 
study from Italy highlights the increased costs of setting up 
a COVID-19 rehabilitation unit compared to the regular 
rehabilitation units (18) and noted better outcomes among 
COVID-19 patients admitted to rehabiliation units (19).

A number of COVID-19 vaccines are now available 
worldwide and in the United States the three major 
types of vaccines are messenger RNA (mRNA) vaccines, 
protein subunit vaccines and viral vector vaccines (20). 
Two dose mRNA vaccines have been shown to decrease 
risk of hospitalization by 85% for alpha and delta variants 
and 65% for the omicron variant (21). As of August 2022, 
67.5% of the world population has received at least 1 dose 
of the COVID-19 vaccine and 12.51 billion doses have 
been administered globally (22). With effective vaccines 
and better understanding of the disease process resulting 
in reduced mortality from COVID-19, the focus is now 
shifting towards the development of more comprehensive 
treatment and rehabilitation plans for COVID-19 survivors 
to minimize the long-term effects of the infection (23-27).

The primary objective of this study was to identify the 
number of hospitalized COVID-19 patients who were 
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discharged to inpatient rehabilitation or skilled nursing 
facilities following acute inpatient hospitalization during 
the second wave of the pandemic in the state of Michigan. 
The secondary aim was to explore the factors associated 
with discharge to a facility among the COVID-19 survivors 
who were living in their homes before hospitalization. 
We present the following article in accordance with the 
STROBE reporting checklist (available at https://apm.
amegroups.com/article/view/10.21037/apm-22-858/rc).

Methods

Study design

This was a retrospective cohort analysis conducted on 559 
adult patients diagnosed and hospitalized with COVID-19 
infection during the second wave of the pandemic in the 
state of Michigan. The study was conducted in accordance 
with the Declaration of Helsinki (as revised in 2013). The 
study was approved by Detroit Medical Center (DMC) and 
Wayne State University (WSU) Institutional Review Board 
(IRB application # 21-03-3286) and individual consent 
for this retrospective analysis was waived. All research was 

performed in accordance with the relevant guidelines/
regulations. This study did not receive any funding from 
external resources.

Study site and patient population

This study was conducted on the data from two hospitals 
(Detroit Receiving Hospital and Harper University 
Hospital) in a large academic center, catering to an 
underserved, majority Black population. Study participants 
were adult patients (≥18 years of age) with a confirmed 
COVID-19 diagnosis who required hospitalization.

Data collection

A list of all consecutive adult hospitalized patients (n=1,001) 
with a laboratory confirmed COVID-19 diagnosis (by 
polymerase chain reaction) between October 1, 2020, 
and March 28, 2021 was collected. This period coincides 
with the second wave of the COVID-19 pandemic in the 
state of Michigan (28). During the initial period of this 
study (October 1, 2020 to mid-January, 2021) the original 
variant of severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2) was predominant in Michigan. The first 
case of Alpha variant (B.1.1.7) in Michigan was identified 
on January 16, 2021. Thereby, the study includes the 
patients affected by original or alpha variant of the SARS-
CoV-2 virus (29). All ambulatory surgery patients, pregnant 
patients and patients discharged from the emergency 
department (ED) itself (n=370) not requiring hospitalization 
were excluded from the study. A total of 559 patients were 
included in the study following these exclusions, as shown 
in Figure 1.

Data were collected and coded for all patients meeting 
the eligibility criteria via a review of each patient’s medical 
electronic medical records. Randomly selected patient charts 
were additionally verified by the principal investigator to 
ensure data integrity and accuracy. Variables collected from 
patient charts included age, sex, race, insurance status, body 
mass index (BMI), smoking status and comorbidities. The 
comorbidities (as defined in Table S1) included diabetes 
mellitus (DM), hypertension, coronary artery disease 
(CAD), congestive heart failure (CHF), chronic obstructive 
pulmonary disease (COPD), asthma, obstructive sleep 
apnea (OSA), chronic liver disease, chronic kidney disease 
(CKD), end stage renal disease (ESRD) on dialysis, human 
immunodeficiency virus (HIV), hyperlipidemia, history of 
cancer, and history of prior stroke.

1,001 patients with confirmed 

COVID-19 diagnosis 

929 patients screened

559 patients included in the study 

72 patients excluded 

due to pregnancy, or 

ambulatory surgery 

370 patients 

excluded as they 

were discharged from 

Emergency department 

itself and did not require 

hospital admission

Figure 1 Flowchart depicting the patient inclusion criteria of 
the study. Adult patients (≥18 years of age) with a confirmed 
COVID-19 diagnosis were included. Patients discharged from the 
emergency department, ambulatory surgery patients and pregnant 
patients were excluded from the study. COVID-19, coronavirus 
disease 2019.

https://apm.amegroups.com/article/view/10.21037/apm-22-858/rc
https://apm.amegroups.com/article/view/10.21037/apm-22-858/rc
https://cdn.amegroups.cn/static/public/APM-22-858-Supplementary.pdf
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Whenever available in the medical records, the time 
from the symptom onset to the day of presentation to the 
hospital was also noted for each patient. Days from the 
onset of symptoms to the presentation were classified as 
less than 5, 6–10,11–15, and 16 or more days. We also 
noted the setting that each patient presented to the ED 
from, i.e., home, inpatient rehabilitation facility (IRF), 
skilled nursing facility (SNF), long-term acute care 
(LTAC), or adult foster care (AFC). The clinical course 
and outcomes of the patient’s hospitalization were also 
noted. The CURB-65 score was calculated for each 
patient by using age, systolic and diastolic blood pressure, 
respiratory rate, blood urea nitrogen (BUN), confusion at 
the time of admission. CURB-65 is a clinical prediction 
score helpful in predicting mortality in patients with 
community acquired pneumonia. It is calculated based upon 
presence of the following: confusion, blood urea nitrogen  
>7 mmol/L, respiratory rate ≥30, blood pressure 
(systolic <90 mmHg or diastolic ≤60 mmHg) and age  
≥65 years. Higher CURB-65 score indicates higher risk of 
mortality (30). Information regarding the need for a new 
tracheostomy, new percutaneous endoscopic gastrostomy 
(PEG) tube, new hemodialysis, or continuous renal 
replacement therapy (CRRT) during hospitalization was 
noted as well. It was also noted if the patient developed 
acute stroke during the course of hospitalization. Clinical 
variables were chosen based on the previous studies 
reporting the factors associated with COVID-19 clinical 
outcomes in the early part of the pandemic and common 
outcome measure set for COVID-19 clinical research 
proposed by World Health Organization (3-5,31-33). 
Mortality during hospitalization, need for mechanical 
ventilation, and ICU admission was also noted for 
each patient. It was also documented if the patient was 
transferred to another facility for extracorporeal membrane 
oxygenation (ECMO) therapy. The discharge notes were 
screened to note the discharge disposition for each patient. 
The discharge disposition for each patient hospitalized 
in our system is decided by a multi-disciplinary team 
consisting of the treating physician, physical therapist, 
occupational therapist, speech pathologist, case manager, 
social worker, and physiatrist as needed as per the Centers 
for Medicare and Medicaid Services guidelines for 
discharging patient to a facility (34). It was noted whether 
the patient was discharged to home, IRF, SNF, LTAC, 
or AFC. In a small number of patients for whom, the 
admission or discharge disposition could not be reliably 
collected from the records, it was mentioned as unknown. 

For the purpose of statistical regression model, a facility was 
defined as any setting excluding home, to where the patient 
was discharged because of the need for skilled nursing/
rehabilitation services. A documented acute care endpoint 
(mortality/discharged status) was available for all patients 
included in the study at the time of data collection.

Statistical analysis

The continuous variables were tested for normal 
distribution using the Shapiro-Wilk test. All the continuous 
variables had non-normal distribution and have been 
described as the median and interquartile range (IQR) and 
the categorical variables as frequency and percentages. 
Descriptive data has been rounded off to one decimal place 
for ease of presentation. In the patients who presented from 
a home setting and survived hospitalization, binary logistic 
regression using the forced entry approach was conducted 
to identify the factors that had a significant association with 
the discharge to a facility. The variables included in the 
regression model were age, sex, race, days from symptom 
onset to presentation, BMI, CURB-65 score, smoking 
status, insurance, complications during admission (need 
for new PEG, tracheostomy, hemodialysis/CRRT, or new 
stroke during hospital stay), need for ICU or mechanical 
ventilation during admission, length of stay, comorbidities 
which include COPD, asthma, OSA, hypertension, HIV, 
CAD, DM, CKD, ESRD on dialysis, CHF, any cancer, 
chronic liver disease, hyperlipidemia and history of previous 
stroke. A 2-tailed P value <0.05 was considered to be 
significant. No imputations were done for the missing data 
since none of the variables were missing more than 5% of 
the values. IBM SPSS Statistics software (version 26) was 
used to do the analyses.

Results

Baseline characteristics

There were 559 hospitalized patients with a laboratory-
confirmed COVID-19 diagnosis included in the study 
between October 1, 2020, and March 28, 2021, the period 
that coincided with the second wave of COVID-19 
pandemic in the state of Michigan. The median age of the 
patients was 64 years (IQR 53–73 years). About 48.5% 
of the patients were males (n=271). More than 67.6% of 
the patients were Blacks (n=378), followed by Caucasians 
(16.8%, n=94) and Asians (5.0%, n=28). Close to 50% 
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of the patients (n=277) were obese with a BMI of greater 
than 30 kg/m2. Hypertension (66.4%, n=371) was the most 
common comorbidity followed by DM (36.0%, n=201). 
More than 51% of the patients (n=287) had medicare 
insurance. Almost 73% patients (n=409) presented to the 
hospital within 5 days of the onset of symptoms. Around 
85% (n=475) of the hospitalized patients were admitted 
to the hospital from home and around 12% (n=67) were 
transferred to the hospital from another facility [10.8% 
patients (n=59) from SNF, 0.5% (n=3) from IRF, 0.4% (n=2) 
from LTAC, and 0.5% (n=3) from AFC home]. Admission 
disposition (whether admitted from home or a facility) 
could not be reliably collected for 17 patients. Further 
details on baseline characteristics have been summarized in 
Table 1.

Clinical course of the patients

Of the total of 559 patients who were hospitalized, 113 
(20.2%) were admitted straight to ICU from the ED while 
446 (79.8%) were admitted to the inpatient floors. During 
hospitalization, another 41 patients from the medical 
floors were transferred to the ICU. A total of 154 patients 
(27.5%) needed ICU during their hospitalization and 103 
(18.4%) patients needed mechanical ventilation. During 
the hospitalization, 14 (2.5%) patients had an acute stroke, 
while 9 (1.6%) patients required a new PEG tube. Around 
1.4% (n=8) of the patients needed a new tracheostomy. 
More than 9% of the patients (n=52) were initiated on 
hemodialysis or CRRT during hospitalization. More 
than 73% (n=411) received corticosteroids during their 
hospitalization and 33.1% (n=185) received remdesivir. 
Further details on the clinical course of hospitalization have 
been summarized in Table 2.

Discharge disposition from the hospital

Around 17.4% of the patients (n=97) had in-hospital 
mortality. Close to 65% (n=365) of all the hospitalized 
COVID-19 patients were discharged home whereas 70 
patients (12.5%) were discharged to a facility due to the 
need for inpatient rehabilitation or skilled nursing services. 
Only 2 patients required transfer to another medical 
facility for ECMO. About 9.1% of the patients (n=51) 
were discharged to SNF, 0.9% (n=5) to IRF, 1.6% (n=9) to 
LTAC, 0.9% (n=5) to AFC home and in 4.5% (n=25) the 
discharge disposition was missing from the clinical notes.

Of the 475 patients who presented to the hospital 

from home, only 75.6% (n=259) were discharged home. 
Approximately, only three out of every four COVID-19 
patients who were hospitalized from home, were discharged 
back home. About 13.5 % of the patients died during 
hospitalization while 7.6% (n=36) required discharge to a 
facility due to the need for inpatient skilled rehabilitation 
or skilled nursing services and 1 patient required transfer 
to another medical facility for ECMO. About 5.3% of the 
patients admitted from home (n=25) were discharged to 
SNF, while 1.7% (n=8) were discharged to LTAC, and an 
additional 0.4% (n=2) were transferred to IRF (Figure 2A). 
Among patients who were admitted from a facility (n=67), 
approximately 44.8 % (n=30) died during hospitalization 
and 37.3% of the patients (n=25) required discharge to a 
SNF facility. Further details on the discharge disposition 
of the patients have been summarized in Table 2. Among 
the patients who required ICU admission, only 1 in every 
4 patients were discharged home, 57.1% died, and the 
remaining were discharged to a facility (Figure 2B). Among 
the COVID-19 patients who needed mechanical ventilation, 
only about 1 in every 8 patients were discharged home from 
the hospital (Figure 2C).

In the logistic regression model of the patients who were 
living at home prior to hospitalization, older patients (OR, 
1.07; 95% CI, 1.01–1.13; P=0.02), and those with a longer 
hospital stay (OR, 1.07; 95% CI, 1.04–1.11; P<0.001) were 
more likely to be discharged to a facility instead of home. 
For each additional day the patient needed to stay in the 
hospital, the odds of his discharge to a facility increased 
by 7%. Patients who experienced the need for a new PEG 
tube, tracheostomy, initiation of hemodialysis or CRRT 
or new stroke during admission were also more likely to 
be discharged to a facility post-hospitalization (OR, 15.25; 
95% CI, 1.96–118.65; P=0.01). Female patients were less 
likely to be discharged to a facility compared to males (OR, 
0.30; 95% CI, 0.10–0.86; P=0.03). These details have been 
summarized in Table 3.

Discussion

In this study conducted at two hospitals of an inner-city 
academic medical center during the second wave of the 
pandemic, we noted that a considerable number of patients 
(12.5%) required inpatient rehabilitation or skilled nursing 
services post-hospitalization for COVID-19. Among the 
patients admitted from home, roughly only 3 in every  
4 patients were discharged back home post-hospitalization. 
While a majority of the literature on COVID-19 presents 
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Table 1 Baseline characteristics of patients

Characteristics Total cohort (n=559) Admitted from home (n=475) Admitted from facility (n=67)

Age, (years) n (%)

Median [interquartile range] 64 [53–73] 62 [51–71] 77 [68–86]

18–30 24 (4.3) 22 (4.6) 0

31–45 64 (11.4) 60 (12.6) 0

46–64 218 (39.0) 199 (41.9) 12 (17.9)

≥65 253 (45.3) 194 (40.8) 55 (82.1)

Sex, n (%)

Male 271 (48.5) 230 (48.4) 31 (46.3)

Female 288 (51.5) 245 (51.6) 36 (53.7)

Race/ethnicity, n (%)

Black 378 (67.6) 338 (71.2) 33 (49.3)

Caucasian 94 (16.8) 56 (11.8) 30 (44.8)

Asian 28 (5.0) 27 (5.7) 0

Middle Eastern 25 (4.5) 23 (4.8) 1 (1.5)

Hispanic 23 (4.1) 22 (4.6) 1 (1.5)

Cannot determine 11 (2.0) 9 (1.9) 2 (3.0)

Body mass index, n (%)

Median (interquartile range) 30.05 (25.2–36) 30.4 (25.7–36.85) 26.4 (23.1–31.28)

<18.5 (underweight) 21 (3.8) 15 (3.2) 4 (6.0)

18.5–24.9 (normal) 106 (19.0) 83 (17.5) 18 (26.9)

25–29.9 (overweight) 146 (26.1) 121 (25.5) 21 (31.3)

≥30 (obese) 277 (49.6) 250 (52.6) 21 (31.3)

Missing 9 (1.6) 6 (1.3) 3 (4.5)

Comorbidities, n (%)

Hypertension 371 (66.4) 310 (65.3) 51 (76.1)

Diabetes mellitus 201 (36.0) 172 (36.2) 27 (40.3)

Smoking 186 (33.3) 162 (34.1) 17 (25.4)

Hyperlipidemia 126 (22.5) 102 (21.5) 22 (32.8)

Coronary artery disease 113 (20.2) 89 (18.7) 21 (31.3)

Chronic obstructive pulmonary disease 86 (15.4) 67 (14.1) 14 (20.9)

Congestive heart failure 82 (14.7) 67 (14.1) 13 (19.4)

Cancer 66 (11.8) 57 (12.0) 9 (13.4)

Chronic kidney disease 63 (11.3) 55 (11.6) 7 (10.4)

Asthma 42 (7.5) 41 (8.6) 0

Stroke 41 (7.3) 32 (6.7) 9 (13.4)

Table 1 (continued)
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data from the early part of the pandemic, this study reports 
mortality, severe disease outcomes as well as the need for 
inpatient skilled rehabilitation or nursing services during 
the second wave of COVID-19. Though the outcomes of 
hospitalized COVID-19 patients have been reported to be 
better during the subsequent waves of the pandemic (10), 
the findings of this study demonstrate that even during 
the second wave, more than a quarter of hospitalized 
COVID-19 patients needed ICU admission and roughly 
1 in every 5 to 6 patients needed mechanical ventilation, 
which might have contributed to a significant number of 
patients needing inpatient rehabilitation/nursing services 
post-hospitalization. In a study conducted during the earlier 
part of the pandemic (March–June 2020) in New York (35), 
5% of the patients were discharged to SNF compared to 
9.1% of the patients in our cohort, whereas 6.8% were 
discharged to IRF compared to 0.9% in our cohort. This 

difference can, in part, be explained due to the executive 
orders in New York during the early part of the pandemic 
prohibiting the transfer of COVID-19 patients to SNF and 
expanded eligibility of the patients who could be transferred 
to IRF. In Michigan, however, per the executive orders, 
a long-term care facility could not prohibit admission or 
readmission of a resident based on COVID-19 testing 
requirements or results (36).

The findings of this study point to significant morbidity 
in COVID-19 patients post-discharge from the hospital 
and the need for continued inpatient skilled services at 
rehabilitation and nursing facilities, even during the second 
wave of the pandemic. Long COVID symptoms have been 
a burgeoning health concern for both hospitalized and non-
hospitalized COVID-19 patients. A meta-analysis of the 
studies following up on the patient’s post-hospitalization 
for COVID-19 reported persistent breathlessness in 

Table 1 (continued)

Characteristics Total cohort (n=559) Admitted from home (n=475) Admitted from facility (n=67)

End stage renal disease on dialysis 31 (5.5) 29 (6.1) 2 (3.0)

Obstructive sleep apnea 30 (5.4) 26 (5.5) 3 (4.5)

Chronic liver disease 12 (2.1) 10 (2.1) 1 (1.5)

Human immunodeficiency virus 6 (1.1) 6 (1.3) 0

Insurance, n (%)

Medicare 287 (51.3) 221 (46.5) 60 (89.6)

Medicaid 170 (30.4) 159 (33.5) 6 (9.0)

Private 86 (15.4) 81 (17.1) 1 (1.5)

Uninsured 16 (2.9) 14 (2.9) 0

Days from symptom onset to hospital presentation, n (%)

0–5 409 (73.2) 341 (71.8) 55 (82.1)

6–10 114 (20.4) 104 (21.9) 7 (10.4)

11–15 34 (6.1) 28 (5.9) 5 (7.5)

16+ 2 (0.4) 2 (0.4) 0

CURB-65 at presentation, n (%)

1 192 (34.3) 179 (37.7) 4 (6.0)

2 169 (30.2) 150 (31.6) 13 (19.4)

3 148 (26.5) 119 (25.1) 27 (40.3)

4 43 (7.7) 22 (4.6) 21 (31.3)

5 3 (0.5) 1 (0.2) 2 (3.0)

Cannot determine 4 (0.7) 4 (0.8) 0
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Table 2 Clinical course and discharge disposition of patients

Characteristics Cohort (n=559) Admitted from home (n=475) Admitted from facility (n=67)

Mortality, n (%) 97 (17.4) 64 (13.5) 30 (44.8)

Mechanical ventilation, n (%) 103 (18.4) 75 (15.8) 25 (37.3)

ICU admission, n (%) 154 (27.5) 114 (24.0) 35 (52.2)

Admission disposition, n (%)

Inpatient admission 446 (79.8) 397 (83.6) 36 (53.7)

Direct ED to ICU admission 113 (20.2) 78 (16.4) 31 (46.3)

Treatment during admission, n (%)

Corticosteroids 411 (73.5) 353 (74.3) 49 (73.1)

Remdesivir 185 (33.1) 172 (36.2) 12 (17.9)

Anticoagulation 195 (34.9) 162 (34.1) 28 (41.8)

Antibiotics 283 (50.6) 232 (48.8) 45 (67.2)

Tocilizumab 1 (0.2) 1 (0.2) 0

Complications during admission, n (%)

PEG tube 9 (1.6) 5 (1.1) 4 (6.0)

Tracheostomy 8 (1.4) 6 (1.3) 2 (3.0)

New HD or CRRT 52 (9.3) 36 (7.6) 15 (22.4)

Stroke during admission 14 (2.5) 10 (2.1) 4 (6.0)

Discharge disposition, n (%)

Home 365 (65.3) 359 (75.6) 1 (1.5)

Skilled nursing facility 51 (9.1) 25 (5.3) 25 (37.3)

Inpatient rehabilitation facility 5 (0.9) 2 (0.4) 3 (4.5)

LTAC 9 (1.6) 8 (1.7) 1 (1.5)

AFC home 5 (0.9) 1 (0.2) 3 (4.5)

Transfer to another hospital for ECMO 2 (0.4) 1 (0.2) 1 (1.5)

Death 97 (17.4) 64 (13.5) 30 (44.8)

Unknown 25 (4.5) 15 (3.2) 3 (4.5)

ICU, intensive care unit; ED, emergency department; PEG, percutaneous endoscopic gastrostomy; HD, hemodialysis; CRRT, continuous 
renal replacement therapy; LTAC, long term acute care; AFC home, adult foster care home; ECMO, extracorporeal membrane oxygenation 
therapy.

37% of patients and persistent fatigue in 52% of the 
patients 1–3 months post-discharge from the hospital (37). 
Another recent meta-analysis reported a wide spectrum of 
COVID-19 sequelae in previously hospitalized COVID-19 
patients with symptoms like fatigue and sleeping disorders 
persisting up to a year (38). COVID-19 patients should 
have long-term access to multidisciplinary health care, 
including rehabilitation services post discharge (39). With 

the emergence of new variants and unrelenting burden 
of acute COVID-19 hospitalizations, despite advent of 
successful vaccination, consideration should be given 
to addressing the need for inpatient and subsequently 
outpatient rehabilitation facilities for optimal long-term 
care of COVID-19 patients. This study provides useful 
baseline information regarding the actual utilization of 
inpatient rehabilitation and skilled nursing facilities in 
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COVID-19 and paves way for future research on allocation 
of resources in subsequent surges and for future pandemic 
preparedness.

This study also reports the factors associated with 
discharge to a facility in the patients who lived in their 
home before hospitalization for COVID-19. Among the 
COVID-19 survivors who presented to the hospital from 
home, older patients, males, and those with a longer length 
of stay in the hospital were more likely to be discharged 
to a facility, instead of home. The immobility associated 
with hospital stay has been linked to the loss of muscle 

mass, deterioration of the functional exercise capacity 
as well reduced endurance towards activities of daily 
living, especially in older individuals (40,41). This study 
also reports the data on the need for a new PEG tube, 
tracheostomy, initiation of hemodialysis or CRRT, and the 
occurrence of stroke during the admission in hospitalized 
COVID-19 patients. Patients who had either of these 
complications during the admission were 15 times more 
likely to be discharged to a facility. PEG tube placement has 
been reported to be an independent predictor for all-cause, 
unplanned hospital readmissions associated with reduced 

Figure 2 Pie charts depicting the mortality/discharge disposition of hospitalized COVID-19 patients, (A) discharge disposition/mortality 
among the patients admitted from home, (B) discharge disposition/mortality among the patients who needed ICU admission, and (C) 
discharge disposition/mortality among the patients who needed mechanical ventilation. Percentages depict the proportion of patients who 
were discharged to that respective facility or died during hospitalization (home, SNF, IRF, LTAC, AFC home, patients transferred to another 
hospital for ECMO therapy). COVID-19, coronavirus disease 2019; SNF, skilled nursing facility; IRF, inpatient rehabilitation facility; 
LTAC, long term acute care; AFC, adult foster care; ECMO, extracorporeal membrane oxygenation; ICU, intensive care unit.

Table 3 Logistic regression showing factors associated with discharge to a facility

Characteristic OR (95% CI) P value

Female sex 0.30 (0.10–0.86) 0.03

Length of stay 1.07 (1.04–1.11) <0.001

Age 1.07 (1.01–1.13) 0.02

New PEG, tracheotomy, hemodialysis/CRRT or stroke during admission 15.25 (1.96–118.65) 0.01

Variables included in the model: age, sex, race, body mass index, insurance, days to presentation, CURB-65, smoking, complications 
during admission (need for new PEG, tracheostomy, hemodialysis/CRRT, new stroke at admission), need for ICU or mechanical ventilation 
during admission, length of stay, comorbidities which include COPD, asthma, OSA, hypertension, HIV, coronary artery disease, diabetes 
mellitus, chronic kidney disease, ESRD on dialysis, congestive heart failure, any cancer, chronic liver disease, hyperlipidemia and 
history of previous stroke. OR, odds ratio; CI, confidence interval; PEG, percutaneous endoscopic gastrostomy; CRRT, continuous renal 
replacement therapy; ICU, intensive care unit; COPD, chronic obstructive pulmonary disease; OSA, obstructive sleep apnea; HIV, human 
immunodeficiency virus; ESRD, end stage renal disease.
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quality of life (42). To our knowledge, this is the first study 
reporting that 1.6% of all the hospitalized COVID-19 
patients (n=9), or 5.2% of the critically ill COVID-19 
patients needing ICU admission required a new PEG 
tube for enteral nutrition. A previous study from 2017 by 
Brodsky et al. (43) reported that roughly a third of patients 
experience dysphagia post-intubation after ARDS and 
dysphagia has been reported in 3% to 62% of the patients 
recovering after critical illness (44). About 45.6% (n=47) 
of the mechanically ventilated patients in our study cohort 
were initiated on hemodialysis or CRRT. Acute kidney 
injury has been reported very frequently (24–57%) among 
patients hospitalized with COVID-19 in the United States 
(3,45-47) and the study by Hirsch et al. (46) reported that 
23.2% of mechanically ventilated patients required renal 
replacement therapy during their admission. About 2.5% 
of the patients in our study cohort developed stroke during 
admission. Ntaios et al. (48) reported that COVID-19 
associated ischemic strokes are more severe with worse 
functional outcomes than non-COVID-19 ischemic strokes.

A recent large sample study reports that COVID-19 
survivors are more likely to use healthcare resources, 
exhibit broad clinical manifestations, and have poor general 
wellbeing with a substantial burden of health loss. The risk 
and burden of post-acute sequelae were found to be higher 
in hospitalized COVID-19 patients (49). Improved quality 
of life and recovery of functional independence can be 
achieved in patients with Long COVID-19 syndrome by 
an early identification of the targeted populations needing 
rehabilitation services (50). Hence the knowledge of the 
factors associated with discharge to a facility can ensure 
efficient discharge planning to minimize the burden of 
permanent health loss in COVID-19 survivors.

There are some limitations of this study that need to 
be acknowledged. This study only looked at the patients 
discharged to inpatient nursing or rehabilitation facilities. 
Besides this, a significant number of patients who were 
discharged home might have also sought home-based or 
outpatient rehabilitation services, which were not explored 
in this study. Secondly, this study was conducted on the 
data from two hospitals serving the underserved population, 
limiting the generalization of the results. Moreover, 
there is a possibility that some of the patients who were 
recommended discharge to inpatient rehabilitation or skilled 
nursing facility might have refused the recommendation 
and chosen to be discharged home. Also, data on frailty 
and cognitive ability prior to admission and functional 
status at the time of discharge were not available. Lastly, 

during the surges, the discharge disposition might have 
also been affected by the availability of beds in the inpatient 
rehabilitation and nursing facilities. Large multicenter 
studies such as the ongoing CO-FLOW trials (51) are 
needed to identify the need and utilization of rehabilitation 
and nursing services among COVID-19 survivors, so that 
appropriate resources can be allocated to ensure the best 
long-term outcomes.

Conclusions

This study reports the number of patients admitted from 
home who needed discharge to a facility for inpatient 
rehabilitation/nursing services post-hospitalization for 
COVID-19. The information regarding utilization of these 
services can assist further research on appropriate resource 
allocation for future pandemic preparedness. Older patients, 
males and those with a longer hospital stay, along with 
the patients who needed a new PEG tube, tracheostomy, 
initiation of hemodialysis or CRRT, or had an acute stroke 
during the admission were more likely to require inpatient 
skilled services warranting discharge to a facility post-
hospitalization. These findings can facilitate efficient 
discharge planning and help optimize the long-term care of 
COVID-19 survivors.
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Supplementary

Table S1 Definitions of baseline characteristics, comorbidities and treatment

Variable Definitions

Baseline characteristics

Smoking status Per chart review, current or former smoker

Insurance status Per chart review, medicaid, medicare, private or uninsured

Comorbidities 

Diabetes mellitus Per chart review, insulin and non-insulin dependent

Hypertension Per chart review

Coronary artery disease Per chart review, any history of angina, myocardial infarction, stent placement or coronary artery 
bypass graft surgery

Congestive heart failure Per chart review, heart failure with preserved versus reduced ejection fraction

Hyperlipidemia Per chart review

Chronic kidney disease Per chart review, baseline eGFR <60 (excludes any patients on current hemodialysis or peritoneal 
dialysis)

COPD Per chart review

Asthma Per chart review

Obstructive sleep apnea Per chart review

End stage renal disease on dialysis Per chart review, patients on hemodialysis or peritoneal dialysis

Chronic liver disease Per chart review, cirrhosis, alcohol related liver disease, nonalcoholic fatty liver disease, 
autoimmune hepatitis, hepatitis B or C, primary biliary cirrhosis

Cancer Per chart review (other than non-melanoma skin cancer), cancer of the breast, colorectal, prostate, 
gastric, pancreatic, melanoma, brain, ovarian, blood or other

Stroke Per chart review; ischemic or hemorrhagic

HIV Per chart review, any history of HIV or AIDS

Treatment

Antibiotics Oral or intravenous antibiotics for pneumonia during admission

Remdesivir Per chart review, criteria—laboratory confirmed SARS-CoV-2, respiratory symptoms onset  
≤10 days, SpO2 ≤94% on room air and requiring supplemental oxygen, radiographic evidence of 
pulmonary infiltrates on chest X-ray or CT scan

Anticoagulation Therapeutic anticoagulation (continued home anticoagulation therapy if indicated or), criteria—new 
deep vein thrombosis, pulmonary embolism or D-dimer ≥3 mg/L at admission

Tocilizumab Per chart review, criteria—≤7 days from hospitalization, worsening of respiratory status and 
received ≥24 hours of corticosteroids, ≤24 hours from initiating respiratory (HFNC >30 L/min and 
FiO2 >0.4, NIV or MV) or cardiovascular organ support and CRP ≥75 mg/L. Also, approval from 
infectious diseases needed

Corticosteroids Per chart review, dexamethasone, methylprednisolone, prednisone or hydrocortisone. Criteria—
SpO2 ≤94% on room air, new supplemental oxygen requirement or mechanical ventilation

eGFR, estimated glomerular filtration rate; COPD, chronic obstructive pulmonary disease; HIV, human immunodeficiency virus; AIDS, 
acquired immune deficiency syndrome; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; SpO2, oxygen saturation; HFNC, 
high-flow nasal cannula oxygen therapy; FiO2, fraction of inspiration O2; NIV, noninvasive ventilation; MV, mechanical ventilation; CRP, 
C-reaction protein.
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