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Abstract

Background: During the initial surge of coronavirus disease 2019 (COVID-19), health-care utilization fluctuated dramatically, straining acute
hospital capacity across the USA and potentially contributing to excess mortality.

Methods: This was an observational retrospective study of patients with COVID-19 admitted to a large US urban academic medical center during
a 12-week COVID-19 surge in the Spring of 2020. We describe patterns in length of stay (LOS) over time. Our outcome of interest was prolonged
LOS (PLOS), which we defined as 7 or more days. \We performed univariate analyses of patient characteristics, clinical outcomes and discharge
disposition to evaluate the association of each variable with PLOS and developed a final multivariate model via backward elimination, wherein
all variables with a P-value above 0.05 were eliminated in a stepwise fashion.

Results: The cohort included 1366 patients, of whom 13% died and 29% were readmitted within 30 days. The LOS (mean: 12.6) fell over
time (P <0.0001). Predictors of PLOS included discharge to a post—acute care (PAC) facility (odds ratio [OR]: 11.9, 95% confidence interval
[Cl] 2.6-54.0), uninsured status (OR 3.2, Cl 1.1-9.1) and requiring intensive care and intubation (OR 18.4, Cl 11.5-29.6). Patients had a higher
readmission rate if discharged to PAC facilities (40%) or home with home health agency (HHA) services (38%) as compared to patients discharged
home without HHA services (26%) (P < 0.0001).

Conclusion: Patients hospitalized with COVID-19 during a US COVID-19 surge had a PLOS and high readmission rate. Lack of insurance, an
intensive care unit stay and a decision to discharge to a PAC facility were associated with a PLOS. Efforts to decrease LOS and optimize hospital
capacity during COVID-19 surges may benefit from focusing on increasing PAC and HHA capacity and resources.
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Introduction While several studies, including a large systematic review
[3-7], have evaluated patterns in LOS and predictors of PLOS
among patients with COVID-19 in Europe and Asia, few
studies [8—10] have examined LOS patterns and predictors
for patients admitted to US tertiary-care hospitals over the
course of a COVID-19 surge. Furthermore, while these stud-
ies did explore the predictors of LOS, none examined both
the impact of pre-admission disposition and discharge disposi-
tion, which are important factors in LOS. Specifically, the need
for post—acute care (PAC) after discharge may prolong LOS if
not readily available during the pandemic [11]. Given the rel-
atively high rates of PAC utilization in the US as compared to
other high-income countries [12] and limited understanding

During the initial surge of coronavirus disease 2019
(COVID-19), the US health-care system faced unprecedented
challenges in providing patients access to medical care. The
COVID-19 pandemic has strained acute hospital capacity
across the country, and capacity limitations have contributed
to excess mortality in this already devastating pandemic [1, 2].
Acute hospital length of stay (LOS) is a key indicator of hos-
pital resource utilization and is central to capacity planning.
Identifying reasons for discharge delays and prolonged LOS
(PLOS) can enable health-care systems to develop strategies to
improve hospital throughput and ensure patients receive the
appropriate care in the optimal setting. Therefore, dedicated

analysis of patterns in PLOS at US medical centers during
COVID-19 surges may be useful for decision makers to plan
for capacity challenges in this ongoing pandemic.

of LOS drivers to date, we aimed to evaluate how PAC needs
in addition to clinical and non-clinical factors could impact

LOS.
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Objective

We described predictors of PLOS among adult patients admit-
ted with COVID-19 at a single Massachusetts tertiary-care
hospital during an initial COVID-19 surge. We defined PLOS
as 7 or more days as this was our mean hospital LOS prior
to the COVID-19 pandemic [13]. We performed univariate
analyses of patient characteristics, including admission week,
clinical outcomes and discharge disposition, to evaluate the
association of each variable with PLOS and then used these
results to develop a multivariate model for predictors of acute
care hospital PLOS among this cohort.

Methods

Study design, setting and participants

This observational retrospective study was performed at a
tertiary-care, 1043 bed academic medical center in Boston,
Massachusetts, that serves as a regional referral center for
New England and has ~48 000 inpatient admissions annually.
All patients 18 years and older with a positive severe acute res-
piratory syndrome coronavirus 2 (SARS-CoV-2) polymerase
chain reaction test admitted during the 12-week Spring 2020
Massachusetts surge (11 March 2020-3 June 2020) were
included. Patients who remained hospitalized after 1 Septem-
ber 2020 were excluded due to data availability.

Data source

We used data from the Massachusetts General Hospital
(MGH) COVID-19 Data Registry [14], a registry of confirmed
SARS-CoV-2-infected patients hospitalized at MGH that is
based on manual chart reviews and data extraction from elec-
tronic health records by trained reviewers. We obtained PAC
referral information from the 4Next database, a web-based
case management application developed by Mass General
Brigham. We extracted Charlson Comorbidity Index (CCI),
30-day same-network readmissions and payer information
from our electronic medical record. The CCI, a scoring sys-
tem of conditions shown to predict 10-year mortality, was
used as a measure of comorbidities among admitted patients
[15]. Thirty-day same-network readmissions included read-
missions to any hospital within our health-care system net-
work, which includes two tertiary-care academic medical cen-
ters in Boston, Massachusetts and seven community hospitals
in New England.

Statistical analysis and study outcome

We performed descriptive analyses of patient characteristics,
clinical outcomes and discharge disposition. The ages were
separated into quintiles. Intensive care unit (ICU) stay and
intubation were merged into a categorical variable of ICU
stay with intubation, ICU stay without intubation or no ICU
stay. Comparisons of categorical variables were performed
with Fisher’s exact tests whenever possible, and non-normally
distributed two-group comparisons were performed by the
Kruskal-Wallis rank test.

Our main outcome of interest was PLOS, which we defined
as greater than the mean hospital LOS prior to the COVID-19
pandemic of 7 days. We defined LOS as the length of time
between the placement of an inpatient admission order and
a discharge order. We used a Kruskal-Wallis rank test to
evaluate trends in LOS over time as the distribution was
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non-normal. We fit univariate logistic regression models to
evaluate the association of each variable including patient
characteristics, clinical outcomes, admission week as a tem-
poral time trend and discharge disposition with PLOS. All
covariates with statistically significant associations (P > 0.05)
in these univariate analyses were included in an initial mul-
tivariate logistic regression model. We then developed a final
model via backward elimination, wherein all variables with a
P-value >0.05 were eliminated in a stepwise fashion. We also
assessed for effect modification between covariates with an a
priori observation that age affects discharge disposition after
an acute hospitalization [16]. All analyses were performed in
STATA IC 14.2 (STATA Corp., College Station, TX, USA).

Results
Patient characteristics

A total of 1366 patients were included in this cohort. Patient
characteristics, clinical outcomes and discharge disposition
are summarized in Table 1. The mean age was 60 years.
Most patients self-identified as White (44%) or Hispanic
(38%) and 43 % were non-English-speaking. While the major-
ity were admitted from private homes (77%), a significant
portion (19%) was presented from assisted living facilities
(ALFs) and PAC facilities, which included skilled nursing
facilities (SNFs), long-term acute care facilities and inpa-
tient rehabs. Nearly one-third (31%) of the patients were
admitted to the ICU, and 82% of patients in the ICU were
intubated.

Discharge disposition and clinical outcomes

A large portion of patients (41%) were discharged home
without home health agency (HHA) services, and 14% were
discharged home with HHA services. Moreover, 13% of the
patients died during admission. Of the 1195 patients dis-
charged alive, excluding those discharged to hospice (n=7),
29% had one or more readmissions to the same health-care
network within 30 days of discharge. Patients discharged to
PAC facilities or home with HHA experienced high readmis-
sion rates of 40% (n=170) and 38% (n=71), respectively,
which as a combined group had a statistically significant dif-
ference compared to patients discharged home (P<0.001).
Patients discharged home without HHA (26 %, n = 147) were
less likely to be readmitted, compared to all other alive
discharges (P <0.001).

LOS and multivariate analysis

The median LOS was 7 days, and the mean LOS was
12.6 days. The mean weekly LOS (Figure 1) fell over the
course of the surge from a mean LOS of 13 days in the first
6 weeks to 11 days in the last 6 weeks of thel2-week surge
(P for trend = 0.0001). There were statistically significant dif-
ferences between patients with a PLOS and those without it in
the distributions of age, sex, CCI, ICU, intubation status and
discharge disposition (see Table 1).

The final multivariate model (Table 2) included six covari-
ates: age quintile, discharge disposition, primary insurance
type, ICU and intubation status and housing prior to admis-
sion, as well as an interaction term between age quintile and
discharge disposition that accounted for the effect modifica-
tion of the discharge disposition by age category in excess
of the individual contribution of these variables. Generally,
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Table 1 Characteristics, clinical outcomes and discharge disposition for patients admitted with COVID-19

All patients

No PLOS (LOS < 7 days)

PLOS (LOS>7 days)

(n=1366) (n=720; 52.7%) (n=646; 47.3%) P-value
Age, mean + SD(years) 60+ 18 57.5+19.1 62.1+16.4 <0.001
Age quintile <0.001
18-43 281 (20.6) 194 (26.9) 87 (13.5)
43-56 273 (20.0) 142 (19.7) 131 (20.3)
56-65 265 (19.4) 125 (17.4) 140 (21.7)
65-77 274 (20.1) 123 (17.1) 151 (23.4)
>77 273 (20.0) 136 (18.9) 137 (21.2)
Female sex 585 (43) 327 (45.5) 258 (39.9) 0.023
Race/Ethnicity 0.189
White 545 (43.5) 289 (43.3) 256 (43.8)
African American/Black 147 (11.7) 88 (13.2) 9 (10.1)
Hispanic 478 (38.2) 253 (37.9) 225 (38.5)
Other 82 (6.6) 37 (5.6) 5(7.7)
Primary language 0.181
English 781 (58.7) 422 (60.5) 359 (56.8)
Non-English 549 (41.3) 276 (39.5) 273 (43.2)
Housing prior to admission <0.001
Private home 999 (77.1) 512 (74.9) 487 (79.7)
ALF/PAC facility 250(19.3) 133 (19.4) 117 (19.2)
Undomiciled/Shelter 46 (3.6) 39 (5.7) 7(1.2)
Primary insurance 0.051
Medicare/Commercial/VA/Self 956 (71.4) 486 (69.0) 470 (74.0)
Medicaid 364 (27.2) 210 (29.8) 154 (24.3)
Uninsured 19 (1.4) 8 (1.1) 11 (1.7)
CCI <0.001
CCI 0 419 (30.7) 265 (36.8) 154 (23.8)
CCI1+2 522 (38.2) 267 (37.1) 255 (39.5)
CCI 3+ 425 (31.1) 188 (26.1) 237 (36.7)
ICU and intubation <0.001
ICU stay without intubation 72 (5.3) 24 (3.3) 48 (7.4)
ICU stay with intubation 349 (25.6) 31 (4.3) 318 (49.2)
Discharge disposition <0.001
Home without HHA 566 (41.9) 417 (58.5) 149 (23.3)
Home with HHA 187 (13.8) 187 (13.8) 5(13.3)
PAC facility 425 (31.1) 131 (18.2) 294 (45.5)
Psychiatric hospital 7 (0.5) .7) 2(0.3)
Hospice 7 (0.5) 3) 5(0.8)
Deceased 174 (12.9) .8) 111 (17.2)
30-day readmission (1 or more) 396 (29.0) l 6.1) 208 (32.3) 0.014
LOS median and IQR (days) 7 (4; 15) 4(3;7) 15 (105 29) <0.001
LOS mean + SD (days) 12.6 +15.0 4.0+1.8 22.1+17.4

Abbreviations: ALF = assisted living facility; CCI =

Charlson comorbidity index; HHA = home health agency; ICU =

intensive care unit; IQR = interquartile

range; IRF =inpatient rehabilitation facility; LOS = length of stay; PAC = post acute care; PLOS = prolonged length of stay; SD =standard deviation;

VA = Veterans Affairs.

increased age correlated with an increased likelihood of PLOS,
though for patients >77, this increase is not significant. Age
quintiles 56-66 (odds ratio [OR] 2.5, 95% confidence inter-
val [CI] 1.5-4.5) and 65-77 (OR 2.5, 95% CI 1.4-4.5) had
the greatest likelihood of PLOS as compared to the reference
group of 18-43.

In the final model, discharge to a PAC facility (OR 11.9,
95% CI2.6-53.9) was an important predictor of PLOS. Only
1% of the patients within the cohort were uninsured. This
small group was more likely to have PLOS (OR 3.18, 95%
CI 1.12-8.97) as compared to patients covered by private
insurance and Medicare. Both ICU stays with and without
intubation predicted PLOS, though patients with an ICU stay
with intubation were more likely to have a PLOS (OR 18.41,
95% CI 11.46-29.58) compared to those in the ICU without
intubation (OR 4.07, 95% CI 2.37-6.99). Finally, patients
presenting from ALFs or PAC facilities (OR 0.60, 95% CI
0.39-0.91) or who were undomiciled (OR 0.24, 95% CI

0.10-0.59) were less likely to have a PLOS compared to those
who presented from a private home.

Discussion
Statement of principal findings
Among our large cohort of patients with COVID-19 hospital-
ized during a 12-week surge, hospital LOS was prolonged at
12.6 days compared to our institution’s pre-pandemic average
of 7 days for all patients [13]. LOS was shortened over the
course of the surge. The key predictors of PLOS within our
multivariate model were discharge to a PAC facility, ICU stay,
particularly ICU stay with intubation, and uninsured status.
Protective factors against PLOS were pre-admission housing
at a PAC facility, an ALF or being undomiciled.

In an unadjusted analysis, our cohort of patients also expe-
rienced a high readmission rate. Thirty-day readmissions were
more likely to occur among those discharged to a PAC facility
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Figure 1 The mean weekly LOS and admission count for patients admitted with COVID-19. The mean weekly LOS fell over the course of the surge from
a mean LOS of 13 days in the first 6 weeks to 11 days in the last 6 weeks of the 12-week surge (P for trend =0.0001).

or a home with HHA as compared to a home without services.
Readmissions may have also increased due to limited access to
primary care as clinics transitioned to telemedicine care per-
haps impacting capabilities for managing higher complexity
patients [17].

Interpretation within the context of the wider
literature

The median hospital LOS for patients with COVID-19 in the
USA ranges from 7 to 8 days [8-10] and mirrors the median
LOS of 7 days in our cohort. In a US study of 1643 adults
admitted with severe COVID-19, only 41% of the patients
admitted had a LOS >9 days [18], which is similar to our
cohort where 46% of the patients had a LOS of >9days.
There has been wide international variation in LOS reported
for patients with COVID-19, which has been attributed in
part to differences in admission and discharge criteria as well
as timing within the pandemic [3]. In a systematic review
of 46 studies reporting LOS for patients hospitalized with
COVID-19 in China, the median LOS was 14 days, whereas
eight studies from outside of China reported a median LOS of
only 5 days [3]. Several large differences between the health-
care systems in the USA and China limit comparison, however,
in outcomes such as LOS [19].13

In our cohort, mean LOS decreased over the course of the
surge. Similarly, this may have resulted from changes in admis-
sion and discharge criteria over time. Clinicians likely became
more comfortable discharging patients with the development
of institutional guidelines on the management and discharge
criteria of patients with COVID-19 [20], and access to PAC
services also improved over the course of the surge as SNFs
re-opened and alternative care sites were created locally [11].

The importance of PAC discharge access was demonstrated
in our multivariate model in which discharge to a PAC facility

was a strong predictor of PLOS with an OR approaching 12.
Coordination between acute care hospitals and PAC facilities
has been a well-recognized challenge prior to the COVID-19
pandemic, affecting 56% of delayed patients and causing
on average 9 days of delay [21]. PAC capacity was severely
limited early in the pandemic due to staffing shortages and
challenges with infection control [22, 23]. Availability was
improved as dedicated COVID-19 PAC facilities and HHA
resources opened [11].

Interestingly, in our model, patients admitted from ALFs
and PAC facilities had lower likelihoods of PLOS. This per-
haps occurred because patients admitted from PAC facilities
were subjected to a bed-hold policy under Medicare and Med-
icaid [24] and could promptly return to their prior facility
when medically ready rather than having to undergo a new
PAC referral process.

Implications for policy, practice and research

When planning for future pandemic surges, focus must be
placed not only on hospital capacity but also on PAC capac-
ity. Additionally, a robust system of communication should be
developed between acute hospitals and PAC facilities to pre-
vent a bottleneck in patient flow at the time of discharge. For
example, our hospital established daily communication with
a subset of SNFs about PAC bed availability for COVID and
non-COVID patients. Hospitals and public entities may need
to provide additional support to PAC agencies and facilities
to optimize their operational capacity such as personal pro-
tective equipment, infection control resources and help with
staffing to mitigate challenges together.

The strongest predictor of PLOS was an ICU stay with
intubation. Several studies have noted that among patients
hospitalized with COVID-19, ICU stays are associated with
a longer hospital LOS [3-9]. Our analysis identified ICU
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Table 2 Multivariate logistic regression analysis for predictors of a pro-
longed length of stay

Covariate OR 95% CI P-value
Age quintile (in years)
18-43 Reference
43-56 1.71 1.04,2.8 0.03
56-65 2.53 1.5,4.2 <0.01
65-77 2.51 1.4,4.5 <0.01
>77 1.73 0.83, 3.60 0.14
Discharge disposition
Home (with or without Reference
HHA)
PAC facility 11.92 2.63,53.94 <0.01
Psychiatric hospital 3.09 0.30,31.66 0.34
Hospice 3.99 0.50, 31.66 0.19
Deceased 1.4 0.15,12.82 0.76
Interaction age quintile/dis-
charge disposition
43-56#Hospice Reference
43-56#PAC 0.3 0.05,1.71 0.18
43-56#Deceased 1.22 0.07,20.41 0.9
56-65#Hospice Reference
56-65#PAC 0.18 0.03,0.92 0.04
56-65#Deceased 0.41 0.04, 4.86 0.48
65-77#Hospice Reference
65-77#PAC 0.18 0.04, 0.94 0.04
65-77#Deceased 0.61 0.06, 6.34 0.67
>77#Hospice Reference
>77#PAC 0.35 0.07,1.85 0.22
>77#Deceased 1.58 0.15,16.69 0.7
Housing
Private home Reference
ALF/PAC facility 0.6 0.39,0.91 0.02
Undomiciled/shelter 0.24 0.10,0.59 <0.01
Primary insurance
Medicare/Commer- Reference
cial/VA/Self
Medicaid 1.08 0.75,1.55 0.7
Uninsured/COVID-19 fund 3.2 1.13,9.08 0.03
ICU and intubation
No ICU stay, no intubation Reference
ICU stay without 4.07 2.37,6.99 <0.01
intubation
ICU stay with intubation 18.41 11.46,29.58 <0.01

Abbreviations: ALF = assisted living facility; CI = confidence interval;
HHA = home health agency; ICU = intensive care unit; PAC = post acute
care; VA = Veterans Affairs.

with intubation to be a much greater driver of LOS than
the ICU stay without intubation. A number of factors likely
contributed to this relative increase in LOS including greater
illness severity among intubated patients as well as greater
rates of sedation use and delirium, which have been observed
frequently in intubated patients with COVID-19 [25]. Of
note, while CCI was included to adjust for clinical complex-
ity, it was not included in the final multivariate model due
to a lack of significance. In addition to PLOS, the high clinical
complexity may have also resulted in higher readmission rates,
which were seen for all patients but especially for those requir-
ing PAC after hospitalization. Of the patients discharged alive
following an ICU stay and intubation, nearly all ultimately
required PAC facility discharges. For these patients, early case
management involvement may reduce LOS if PAC potential
barriers are identified early on, such as a lack of insurance or
underinsurance for PAC services. Forecasting tools for acute

hospital bed needs have been implemented to assist health
leaders’ resource planning [26]. A similar approach could be
developed to forecast short-term PAC capacity needs for a
health system based on real-time ICU bed utilization.

Finally, the uninsured status was associated with PLOS.
It is difficult to interpret this trend due to the small num-
ber of uninsured patients. Prior to the COVID-19 pandemic,
the uninsured status has been associated with a reduced LOS
among patients admitted to the ICU [27]. This has been
attributed to the increased rates of patient-directed discharges
observed among this group [21]. Our observation of PLOS
among uninsured patients may reflect PAC facilities being less
willing to accept uninsured patient referrals, despite federal
coverage for acute and post-acute COVID-19 care for these
patients [28]. Conversely, the few patients in our cohort expe-
riencing homelessness prior to admission were less likely to
have PLOS. This is counter to the observation that patients
without stable housing typically have longer LOS [29]. This
difference may be in part due to the establishment of respite
and quarantine locations for this population at the height of
the pandemic and a robust and integrated healthcare system
in Boston for patients experiencing homelessness [30].

Strengths and limitations

This study has limitations. First, our data capture the first
Massachusetts COVID-19 surge prior to the routine use of
COVID-19 therapies including antivirals and immunosup-
pressive medications, which have been shown to impact hos-
pital LOS [31, 32]. It took place at a tertiary-care academic
medical center, limiting its generalizability to other care set-
tings. In the development of our model, we did not account for
certain factors known to contribute to LOS including provider
factors (e.g. team structure and regionalization), system fac-
tors, and other patient factors, and did not adjust for multiple
comparisons. We also noted wider Cls for certain covariates in
our final model, which may have resulted from heterogeneity
in these groups and/or a smaller number of events. Finally, the
outcome data other than PLOS, including readmissions, were
unadjusted. While 30-day readmission rates were high par-
ticularly for patients discharged to PAC facilities, they may
be undercounted as only same-network readmissions were
included.

Conclusion

This study is unique because it evaluates patterns in LOS over
the course of a US COVID-19 surge and identifies key pre-
dictors of PLOS. These results may be used by health systems
for surge planning and to develop targeted interventions to
decrease LOS. For example, institutions could provide early
enhanced discharge planning for patients requiring ICU care
or PAC facility discharge or who lack insurance. Institutions
may also explore strategies to increase PAC access, which con-
tinues to be limited by ongoing COVID-19 outbreaks, by pro-
viding additional resources to PAC facilities such as help with
infection control and staffing resources. Addressing capacity
constraints and reducing LOS while still delivering optimal
care are of critical importance as hospitals need to simul-
taneously continue COVID-19- and non-COVID-19-related
care.
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