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Key summary points

Aim To investigate predictors of prolonged hospitalization of COVID-19 patients.

Findings Multivariate analysis recognized higher severity of COVID-19 symptoms, worse functional status, referral from
other institutions, certain indications for admission (neurologic, surgical and social), certain chronic comorbidities (obesity,
chronic liver disease, hematological malignancy, transplanted organ), and complications that arise during hospital stay (venous
thromboembolism, bacterial sepsis and Clostridioides difficile infection) as independent predictors of prolonged hospitalization.
Message Development of specific measures aimed at improvement of functional status and prevention of complications
might reduce the length of hospitalization.

Abstract

Purpose Despite the importance of hospital bed network during the pandemic, there are scarce data available regarding
factors predictive of prolonged length of hospitalization of COVID-19 patients.

Methods We retrospectively analyzed a total of 5959 consecutive hospitalized COVID-19 patients in period 3/2020-6/2021
from a single tertiary-level institution. Prolonged hospitalization was defined as hospital stay >21 days to account for manda-
tory isolation period in immunocompromised patients.

Results Median length of hospital stay was 10 days. A total of 799 (13.4%) patients required prolonged hospitalization. Fac-
tors that remained independently associated with prolonged hospitalization in multivariate analysis were severe or critical
COVID-19 and worse functional status at the time of hospital admission, referral from other institutions, acute neurological,
acute surgical and social indications for admission vs admission indication of COVID-19 pneumonia, obesity, chronic liver
disease, hematological malignancy, transplanted organ, occurrence of venous thromboembolism, occurrence of bacterial
sepsis and occurrence of Clostridioides difficile infection during hospitalization. Patients requiring prolonged hospitalization
experienced higher post-hospital discharge mortality (HR =2.87, P <0.001).
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Conclusions Not only severity of COVID-19 clinical presentation but also worse functional status, referral from other hos-
pitals, certain indications for admission, certain chronic comorbidities, and complications that arise during hospital stay
independently reflect on the need of prolonged hospitalization. Development of specific measures aimed at improvement of
functional status and prevention of complications might reduce the length of hospitalization.

Keywords COVID-19 - SARS-CoV-2 - Prolonged hospitalization - Comorbidities

Introduction

Coronavirus disease 2019 (COVID-19) is an acute viral dis-
ease caused by Severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2). Although majority of affected patients
present with only mild respiratory symptoms, some patients
may develop systemic inflammatory response to SARS-
CoV-2 infection with severe life-threatening symptoms and
multiorgan failure. Prior to wide-spread availability of vac-
cination, up to 15-20% affected patients developed acute res-
piratory insufficiency requiring oxygen supplementation and
consequent hospitalization [1]. Thus, COVID-19 imposes
significant challenges on healthcare systems due to its ability
to overwhelm available infrastructure with high number of
acutely ill and potentially unstable patients. Despite evident
benefits of vaccination regarding reduced number of patients
presenting with severe or critical form of the disease and
improved outcomes of patients with breakthrough infections
[2], vaccine hesitancy, inappropriate immune response to
vaccination and waning effects of vaccination still remain
substantial problems for controlling the pandemic [3-5].

Despite importance of hospital bed network during the
pandemic, there are scarce data on factors affecting the
length of hospital stay of COVID-19 patients available at
the moment [6, 7]. In this study we aim to comprehensively
investigate factors associated with prolonged hospitalization
by evaluating large tertiary-center registry.

Methods

We have retrospectively analyzed data on 5959 concomi-
tantly hospitalized COVID-19 patients hospitalized in the
University hospital Dubrava, Zagreb, Croatia, in period
from 3/2020 to 6/2021. During the study period hospital
was completely repurposed to serve as a tertiary-level insti-
tution and regional referral center for most severe COVID-
19 patients and for patients that required emergent medical
care and were concomitantly SARS-CoV-2 positive. All
patients tested positive for SARS-CoV-2, either on poly-
merase chain reaction (PCR) test, or on antigen test in the
presence of compatible clinical symptoms. Patients were
treated according to the contemporary guidelines and major-
ity of them received oxygen supplementation, corticoster-
oids and LMWH thromboprophylaxis [8]. Demographic,
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laboratory and clinical data were obtained by evaluation of
written and electronical medical documentation and are a
part of the hospital registry project, “Registry of hospitalized
COVID-19 patients in University Hospital Dubrava Respira-
tory center” (ClinicalTrials.gov identifier: NCT05151094).
Demographic, laboratory and clinical parameters were eval-
uated at the time of hospital admission, whereas the clinical
course of the disease was analyzed during hospitalization
(mechanical ventilation, venous and arterial thrombotic
events, major bleeding, bacterial sepsis, Clostridioides dif-
ficile (C. difficile) infection). Mortality was evaluated dur-
ing hospitalization and after hospital discharge. COVID-19
severity was categorized as mild, moderate, severe and criti-
cal according to the World health organization (WHO) clas-
sification [9]. Intensity of COVID-19 symptoms was graded
using the modified early warning score (MEWS) score [10].
The Eastern cooperative oncology group (ECOG) scale [11]
was used to determine functional status of patients at the
time of hospital admission. Comorbidities were evaluated as
particular entities and were summarized using the Charlson
comorbidity index (CCI) [12].

We defined prolonged hospitalization as duration of hos-
pital stay >21 day encompassing three-week period. We
chose this approach to account for prescribed mandatory iso-
lation period that variated individually for specific patients
and lasted longest for 20 days in specific patient subgroups
during the pandemic (immunocompromised patients).

The study was approved by the University Hospital
Dubrava Review Board (Nm: 2022/2709-09).

Statistical methods

Normality of distribution of numerical variables was tested
using the Kolmogorov—Smirnov test. Neither of numerical
variables had normal distribution. They were presented as
median and interquartile range (IQR) and were compared
regarding prolonged hospitalization status using the Mann
Whitney U test. Categorical variables were presented as
frequencies and percentages and were compared regard-
ing prolonged hospitalization status using the chi squared
test. Post-hospital discharge survival analysis was based
on the Kaplan—Meier method and was performed using the
Cox—Mantel version of the log rank test [13, 14]. Multi-
variate predictors of prolonged hospitalization were assessed
using the logistic regression. During the model building, all
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univariately associated variables, age and sex were consid-
ered via backwards approach (inclusion criteria P <0.05,
exclusion criteria P>0.1) [15]. P values < 0.05 were consid-
ered as statistically significant. All analyses were performed
using the MedCalc statistical software version 20.014 (Med-
Calc Software Ltd, Ostend, Belgium; 2022).

Results

Overview of patients’ characteristics and length
of hospitalization

Among total of 5959 evaluated COVID-19 patients, there
were 2613 (43.8%) female and 3346 (56.2%) male patients.
Median age was 72 years, IQR (62-81). Median CCI was 4
points, IQR (3-6). Median ECOG score was 3 points, IQR
(1-4).

Severity of COVID-19 on admission was mild in 560
(9.4%), moderate in 286 (4.8%), severe in 4202 (70.5%) and
critical in 911 (15.3%) patients. Leading cause of hospi-
tal admission was COVID-19 pneumonia in 4299 (72.1%),
other acute medical condition in 675 (11.3%), acute surgi-
cal condition in 508 (8.5%), acute neurological condition
in 228 (3.8%), febrility without pneumonia in 140 (2.3%)
and social and other reasons in 109 (1.8%) patients. Most
patients came from their homes due to worsening of clini-
cal condition (2899 (48.6%)), whereas 2490 (41.8%) were
referred from other hospitals and 570 (9.6%) patients came
from nursing homes.

Median length of hospitalization was 10 days, IQR
(6-16). Majority of patients were hospitalized for less than
7 days (2103 (35.3%)) or 814 days (2158 (36.2%)), whereas
hospitalization for 15-21 days was required in 899 (15.1%)
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and for>21 days in 799 (13.4%) patients. Likelihood of
death during hospitalization showed statistically significant
trend of decrease with longer duration of hospitalization
(P<0.001) as shown in Fig. 1A. In other words, the fatal
outcome determined the length of hospitalization more
pronounced in patients hospitalized for a short time, while
other factors increasingly influenced the prolonged course
of treatment.

Factors associated with prolonged hospitalization

Associations of prolonged hospitalization (>21 days) with
demographic parameters and reasons for hospital admission
are shown in Supplementary Table S1, patients’ comorbidi-
ties in Supplementary Table S2, laboratory parameters in
Supplementary Table S3 and COVID-19 severity and
clinical course during hospitalization in Supplementary
Table S4.

In unadjusted analyses, prolonged hospitalization was
significantly associated with origin of referral (referral
from other institutions favoring prolonged hospitalization),
leading cause of hospital admission (non-COVID-19 pneu-
monia related causes favoring prolonged hospitalization),
higher comorbidity burden as assessed by CCI, presence of
obesity, peripheral artery disease, gastroesophageal reflux/
ulcer disease, chronic liver disease, liver cirrhosis, previous
myocardial infarction, hematologic malignancy, prior organ
transplantation, lower hemoglobin, higher red blood cell dis-
tribution width, lower absolute lymphocyte count, higher
D-dimers, higher alkaline phosphatase and lower serum
albumin levels, more severe COVID-19 presentation at the
time of hospital admission, shorter duration of COVID-19
symptoms at the time of hospital admission, worse ECOG
functional status on admission, presence of pneumonia and
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Fig. 1 A In-hospital mortality stratified according to the length of hospitalization. B Post-hospital discharge mortality stratified according to the

length of hospital stay
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presence of bilateral pneumonia (P <0.05 for all analyses).
Prolonged hospitalization was also significantly associated
with requirement for mechanical ventilation, occurrence of
venous thromboembolic events, major bleeding, bacterial
sepsis and C. difficile infection during hospital stay (P <0.05
for all analyses). There were no significant associations of
prolonged hospitalization with age, sex, other chronic meta-
bolic comorbidities or laboratory parameters at the time of
hospital admission.

The multivariate logistic regression model assessing
independent predictors of prolonged hospitalization cho-
sen among univariately significantly associated parameters
is shown in Table 1. Factors that remained independently
associated with prolonged hospitalization were severe or
critical COVID-19 (OR=1.95, P=0.006) and worse func-
tional status at the time of hospital admission (OR=1.12,
P=0.015), referral from other institutions (OR =1.34,
P=0.012), acute neurological (OR=2.57, P=0.036),
acute surgical (OR =2.63, P=0.006) and social indica-
tions for admission vs indication of COVID-19 pneumo-
nia (OR=2.38, P <0.001), obesity (OR=1.28, P=0.040),
chronic liver disease (OR=1.81, P =0.029), hematologi-
cal malignancy (OR=2.89, P <0.001), transplanted organ
(OR=2.27, P=0.047), occurrence of venous thromboem-
bolism (OR =3.08, P <0.001), occurrence of bacterial sepsis
(OR 3.97, P<0.001) and occurrence of C. difficile infection
during hospitalization (OR =6.69, P <0.001).

Long-term significance of prolonged hospitalization
Patients requiring prolonged hospitalization were statisti-

cally significantly more likely to experience higher post-
hospital discharge mortality in comparison to shorter

hospitalized patients (HR 2.87, 95% CI (1.86-4.39);
P <0.001) as shown in Fig. 1B.

Discussion

To the best of our knowledge, our study based on a large
dataset of mostly severe or critical COVID-19 patients, who
are mostly older persons and with high comorbidity burden,
is the first to comprehensively investigate factors associated
with prolonged hospitalization. As our data reveal, not only
severity of COVID-19 symptoms at the time of presenta-
tion but also worse functional status, referral from other
hospitals, certain indications for admission, certain chronic
comorbidities, and complications that arise during hospital
stay reflect on the need of prolonged hospitalization. Pro-
longed hospitalization may also be a negative indicator of
patient outcome following their discharge from the hospital.

There are several points we would like to emphasize.
Majority of hospitalized patient ended their hospitaliza-
tions during two weeks from hospital admission. Death as
an important factor for duration of hospital stay in severe and
critical COVID-19 patients dominantly affects early period
of hospitalization, whereas other factors become increas-
ingly more important during prolonged course of treat-
ment. We deliberately chose to analyze prolonged hospital
stay > 21 days to avoid both administrative reasons for pro-
longed hospitalization (mandatory isolation period among
immunocompromised patients), as well as to ameliorate
bias associated with factors prognostic of worse survival.
In our opinion this is the optimal way to analyze this issue.
Observed associations likely translate into other cut-offs for
duration of hospital stay.

Table 1 Multivariate logistic

. = Odds ratio 95% CI P value

regression model assessing

independent predictors of Referral from other institution 1.34 1.06-1.69 0.012%

Igg{;iﬁ?%ﬁ;ﬁgﬁ::ﬁ:g? giys) Acute neurological indication for admission vs pneumonia 2.57 1.06-6.20 0.036%*
Acute surgical indication for admission vs pneumonia 2.63 1.32-5.24 0.006%*
Social indication for admission vs pneumonia 2.38 1.44-3.93 <0.001%*
Obesity (BMI> 30 kg/m?) 1.28 1.01-1.62 0.040*
Chronic liver disease 1.81 1.06-3.10 0.029%*
Hematological malignancy 2.89 1.71-4.88 <0.001*
Transplanted organ 2.27 1.01-5.12 0.047*
Severe or critical COVID-19 1.95 1.20-3.15 0.006*
ECOG functional status 1.12 1.02-1.23 0.015*
Venous thromboembolism 3.08 2.19-4.34 <0.001*
Bacterial sepsis 3.97 3.04-5.19 <0.001*
C. difficile infection 6.69 4.50-9.96 <0.001*

CI confidence interval, BMI body mass index, COVID-19 Coronavirus disease 2019, ECOG Eastern coop-
erative oncology group, C. Clostridioides

*Statistically significant at level P <0.05
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Age, sex and comorbidities, as well as severity of
COVID-19 clinical presentation are known negative prog-
nostic factors for survival during COVID-19 hospitalization
[16]. On the opposite, factors associated with duration of
hospital stay are less well understood and scarce clinical
data exist on this issue. Factors like weaker muscle strength
[17], higher acuity level of care [18] and use of specific
drugs like remdesivir [19] are reported to be associated with
longer COVID-19 hospitalization. Recent studies [6, 7] also
addressed predictors associated with the length of stay of
hospitalized COVID-19 patients but utilized a relatively
short cutoff periods of >3 and > 10 days which may not be
completely comparable to the context of the current study,
especially since death and administrative reasons may play
important role during shorter periods. It should be noted that
predictors of non-prompt recovery that were recognized in
one of the aforementioned studies [7] were similar to pre-
dictors of prolonged hospitalization in our study includ-
ing higher oxygen requirement, ICU admission, bacterial
superinfections and shorter duration of symptoms at the
time of hospital admission. As our data show, intensity of
COVID-19 symptoms and functional impairment of patients
are important predictors of hospitalization for>21 days,
especially if patients require mechanical ventilation support.
Although adjusted OR for ECOG was of low magnitude,
it represents obvious positive trend and increased risk of
prolonged hospitalization of 12% with each point increase
on ECOG scale. It is of particular interest that not the age
or sex of patients per se, but comorbidity burden, particular
comorbidities and the need to be hospitalized due to non-
COVID-19 pneumonia related factors also significantly
affect the need for prolonged hospital stay. This is espe-
cially true for chronic conditions that affect functional sta-
tus of patients, require specific pharmacotherapies and more
intensive nursing care like cardiovascular comorbidities,
chronic liver disease and hematologic malignancies. Higher
comorbidity burden and associated pharmacotherapy also
predispose to complications like bacterial superinfections
and bacterial sepsis, C. difficile infection, thromboembolic
incidents and major bleeding, also reflecting on prolonged
hospitalization. Raising awareness of independent predic-
tors of prolonged hospital stay may help in development of
specific measures targeted at modifiable factors. Examples
could be improvement of functional status of patients by
early mobilization, as well as prevention, early recognition
and timely absolving of in-hospital complications.

Main limitations of our work are retrospective study
design and single center experience. Study design lim-
its conclusions about causality of observed associations.
ECOG might be suboptimal measure of functional status
in non-oncological patients. Information on important geri-
atric prognostic factors (i.e. cognition, nutrition, delirium,
as well as standard comprehensive geriatric assessment and

clinical frailty scale [20]) was not available in our study.
These parameters have been shown to be more powerful in
other settings than many of the variables significant in our
study. Also, due to registry-level dataset, we had no access to
information on the other potentially important predictors of
prolonged hospitalization such as negativization of SARS-
CoV-2 nasal swab [20] for a large proportion of analyzed
patients, and we could not investigate them as predictors.
Main strengths of our work are large real-life dataset of con-
temporary COVID-19 patients with mostly severe or criti-
cal clinical presentation upon admission, representative of
tertiary-center experience.

In conclusion, we have determined a series of factors
independently associated with prolonged hospitalization of
COVID-19 patients, including severity of COVID-19 clini-
cal presentation, worse functional status, referral from other
hospitals, certain indications for admission, certain chronic
comorbidities, and complications that arise during hospital
stay. Development of specific measures aimed at improve-
ment of functional status and prevention of complications
might reduce the length of hospitalization.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s41999-023-00787-w.
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