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BACKGROUND: Data on patients with coronavirus dis-
ease 2019 (COVID-19) who return to hospital after dis-
charge are scarce. Characterization of these patients may
inform post-hospitalization care.

OBJECTIVE: To describe clinical characteristics of pa-
tients with COVID-19 who returned to the emergency
department (ED) or required readmission within 14 days
of discharge.

DESIGN: Retrospective cohort study of SARS-COV-2-
positive patients with index hospitalization between Feb-
ruary 27 and April 12, 2020, with > 14-day follow-up.
Significance was defined as P < 0.05 after multiplying P
by 125 study-wide comparisons.

PARTICIPANTS: Hospitalized patients with confirmed
SARS-CoV-2 discharged alive from five New York City
hospitals.

MAIN MEASURES: Readmission or return to ED follow-
ing discharge.

RESULTS: Of 2864 discharged patients, 103 (3.6%)
returned for emergency care after a median of 4.5 days,
with 56 requiring inpatient readmission. The most com-
mon reason for return was respiratory distress (50%).
Compared with patients who did not return, there were
higher proportions of COPD (6.8% vs 2.9%) and hyperten-
sion (36% vs 22.1%) among those who returned. Patients
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who returned also had a shorter median length of stay
(LOS) during index hospitalization (4.5 [2.9,9.1] vs 6.7
[3.5, 11.5] days; Pagjustea = 0.006), and were less likely to
have required intensive care on index hospitalization
(5.8% vs 19%; Pagjustea = 0.001). A trend towards associa-
tion between absence of in-hospital treatment-dose
anticoagulation on index admission and return to hospi-
tal was also observed (20.9% vs 30.9%, Pagjustea = 0.06).
On readmission, rates of intensive care and death were
5.8% and 3.6%, respectively.

CONCLUSIONS: Return to hospital after admission for
COVID-19 was infrequent within 14 days of discharge.
The most common cause for return was respiratory dis-
tress. Patients who returned more likely had COPD and
hypertension, shorter LOS on index-hospitalization, and
lower rates of in-hospital treatment-dose anticoagulation.
Future studies should focus on whether these comorbid
conditions, longer LOS, and anticoagulation are associat-
ed with reduced readmissions.
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INTRODUCTION

Four months after the first cluster of cases were reported in
Wuhan, China, coronavirus disease 2019 (COVID-19) per-
sists as a major cause of morbidity and mortality worldwide."
Many healthcare facilities remain stretched beyond capacity.
Readmissions following hospitalization for COVID-19 have
the potential to exacerbate this burden and may represent a
missed opportunity to provide optimal care. As the evolution
of COVID-19 remains uncertain, characterization of the
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clinical course of patients who re-present after discharge is
important with potential to inform discharge planning and
post-discharge care.” In this study, we focus on early
readmissions more likely related to the index COVID-19
hospitalization. We determine the overall rate of early re-
presentation at multiple time points; compare demographics,
hospital course, vitals, labs, and other EMR data between
patients who re-present vs those who do not; and evaluate
how these data changed between discharge and re-
presentation.

METHODS
Study Population and Data Collection

We included patients who were at least 18 years old, had
laboratory-confirmed SARS-CoV-2 infection, and were ad-
mitted and subsequently discharged alive from five MSHS
hospitals until April 28, 2020. Data were collected from
MSHS electronic health records (EHR). A COVID-19-
related hospital admission included any inpatient encounter
with detected SARS-CoV-2 from an order within the first 48 h
of the encounter, including time spent in the emergency de-
partment, or within 48 h of an antecedent lab diagnosis-only
visit in an outpatient setting. Patients were excluded if they
were still hospitalized, discharged < 14 days prior to the data
freeze on April 26th, 2020, or died during the index admission.
Detailed chart review revealed return to the hospital within
12 h (N = 28) was primarily due to a lack of care coordination
(e.g., primary caretaker not at home). All of these patients
were also discharged the day following admission, reflecting
important readmissions that highlight critical areas for quality
improvement interventions. Because they had an explainable
cause for readmission that was not primarily driven by a
progressing medical condition, patients returning to the hos-
pital within 12 h were excluded from downstream analyses.
Variables from the EHR were chosen for this analysis based
on a combination of their prevalence per patient across the
dataset, relevance to COVID-19 based on previous literature
and empirical evidence, and the goals of this study. These
features included demographics, key vitals, and laboratory
measurements on time of discharge from index hospitalization
and readmission, disease diagnoses, comorbidities, procedures
during hospitalization (including intubation and non-invasive
0O, oxygen support), ICU course, and outcomes (death or
hospital discharge). Selection, culling, and cleanup of these
variables were performed through exhaustive manual inspec-
tion by two physicians (AL and GN) and two residents (inter-
nal medicine, anesthesiology). Comorbidities were extracted
using International Classification of Disease (ICD) 9/10 bill-
ing codes for atrial fibrillation (AF), asthma, coronary artery
disease (CAD), cancer, chronic kidney disease (CKD), chron-
ic obstructive pulmonary disecase (COPD), diabetes (DM),
heart failure (HF), and hypertension (HTN). In-hospital anti-
coagulants included treatment-dose oral anticoagulation

(warfarin, dabigatran, rivaroxaban, apixaban, edoxaban),
treatment dose low molecular weight heparin (bemiparin,
certoparin, dalteparin, enoxaparin, nadroparin, parnaparin,
reviparin, tinzaparin), and intravenous heparin. While body
mass index (BMI) may be bucketed into categorical represen-
tations (e.g., low, normal, high), we kept BMI as a continuous
variable because such a reduction in its representation may
inject bias into statistical inference and lower the confidence of
interpreting its resulting trends. Due to discrepancies in how
labs were named in different hospitals, a comprehensive and
statistical review of all labs by field name was conducted by
the aforementioned team of clinicians to ensure that there was
a direct mapping between all sites. Additionally, many labs
represented a single component (e.g., sodium), but were ac-
quired from either an arterial blood gas (ABG), venous blood
gas (VBQG), or basic metabolic panel (BMP). Based on the
utility of these lab values in clinical practice and the similarity
between their statistical distributions, labs derived from a
VBG or BMP were collapsed into a single category (i.e.,
“SODIUM?”), and arterial labs were not incorporated as fea-
tures in these analyses. The lab closest to discharge, by time of
result, in the set of all lab order names that were combined into
a single lab category, was chosen as the representative lab
value for that category. Finally, lab data below the 0.5th and
above the 99.5th percentiles were removed to avoid inclusion
of outliers that could represent incorrect documentation or
measurement error. Labs with > 80% missing data were sub-
sequently excluded, resulting in an a priori set of 125 variables
for comparison of the primary endpoint. Of these 125 vari-
ables, all of which are accounted through multiple hypothesis
testing, 66 are shown in Tables 1 and 2, and Supplemental
Table 1 to highlight pertinent positive and negative findings
most salient for physicians, as judiciously determined by our
interdisciplinary team of clinicians. The Mount Sinai Institu-
tional Review Board approved this research under a broad
research protocol for patient-level data analysis.

Statistical Analysis

In this retrospective cohort study, the primary comparator was
patients re-presenting to the hospital within 14 days (cases) vs
those who did not (controls). Medians and interquartile ranges
were used for continuous data. Univariate statistical signifi-
cance was identified with the non-parametric Kruskal-Wallis
one-way ANOVA or chi-squared tests at Bonferroni-adjusted
P < 0.05 (multiplying P by 125 study-wide tests and setting
adjusted P values greater than 1 to 1). Due to variable corre-
lations, Bonferroni correction ensured a conservative interpre-
tation of any potential statistical differences. P values were
adjusted separately within subgroups (i.e., discharged from the
emergency department or readmitted) because they were con-
sidered distinct hypothesis spaces. Wilcoxon signed-rank tests
compared pairwise differences in labs between discharge and
return (Supplemental Table 2). The time to return to hospital
by ultimate visit type (ED vs readmission) was compared with
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Table 1 Notable Clinical Characteristics of All Patients Re-Presenting to the Hospital

No return to hospital Return to hospital Univariate N missing
Padjusted*

N (%) 2761 (96.4) 103 (3.6)
Age—median (IQR) 65.9 (54.5, 77.0) 66.1 (53.7, 75.1) 0.538 0
Sex—no. female (%) 1163 (42.1) 38 (36.9) 0.340 0
Race/ethnicity (%)
Asian 110 (4.0) 4 (3.9 0.434 0
Black/African American 776 (28.1) 37 (35.9)
Hispanic/Latino 754 (27.3) 27 (26.2)
Other 376 (13.6) 10 (9.7)
Unknown 87 3.2) 1 (1.0)
White 658 (23.8) 24 (23.3)
BMI—median (IQR) 28.0 (24.7, 32.6) 26.1 (23.1, 30.6) 0.005 330
Select comorbidities—no. (%)**
Coronary artery disease 220 (8.0) 12 (11.7) 0.246 0
Cancer 104 (3.8) 7 (6.8) 0.118 0
Chronic kidney disease 128 (4.6) 8 (7.8) 0.152 0
Chronic obstructive pulmonary disease 80 (2.9) 7 (6.8) 0.035 0
Diabetes 420 (15.2) 19 (18.4) 0.450 0
Heart failure 159 (5.8) 8 (7.8) 0.522 0
Hypertension 610 (22.1) 36 (35.0) 0.003 0
Non-invasive O, support—no. (%) 1347 (48.8) 43 (41.7) 0.193 0
Therapeutic anticoagulant—no. (%) 737 (30.9) 18 (20.9) 0.064 392
Vitals at discharge—median (IQR)
Systolic blood pressure (mm Hg) 119.0 (107.0, 133.0) 126.0 (115.5, 135.5) 0.002 1
Diastolic blood pressure (mm Hg) 70.0 (61.0, 77.0) 71.0 (64.0, 79.5) 0.175 1
Temperature (°F) 98.0 (97.4, 98.6) 98.1 (97.5, 98.7) 0.626 1
Heart rate (bpm) 85.0 (74.0, 96.2) 84.0 (74.0, 94.0) 0.269 1
Pulse oximetry (%) 95.0 (93.0, 97.0) 96.0 (94.0, 98.0) 0.022 6
Respiration rate (breaths/min) 18.0 (18.0, 20.0) 18.0 (18.0, 19.0) 0.040 1
QTec at discharge—median (IQR) 450.0 (431.0, 474.0) 447.0 (430.0, 475.0) 0.888 348
ICU admission—no. (%) 524 (19.0) 6 (5.8) 0.001 0
ICU length of stay, days—median (IQR) 4.6 (14,99) 2.4 (1.1, 5.0) 0.376 0
Intubated—no (%) 293 (10.6) 1 (1.0) 0.003 0
Length of stay, days—median (IQR) 6.7 (3.5, 11.5) 4.7 (2.9,9.1) 0.006 0

*P values were multiplied by 125 to conservatively account for all 125 hypothesis tests (Bonferroni correction), of which 66 are shown based on

relevance to study design and outcomes

cumulative density function plots. Analyses were performed
using R (R Foundation) and Python (Python Software
Foundation).

RESULTS

Patient and Index Hospitalization Associations
with Return to Hospital

Of 2864 patients discharged alive following hospitaliza-
tion for COVID-19, 103 (3.6%) returned to one of five
hospitals within 14 days, with 56 (54.4%) readmitted
and the remaining 47 (45.6%) discharged or left from
the emergency department (ED) (Table 1). There were
no between-group differences in age, sex, or
race/ethnicity. Patients who returned to the hospital had
lower BMI (26.1 vs 28.0 kg/mz, Pigjusiea < 0.001) in the
absence of a bimodal distribution (i.e., very low or
high) of BMI patients (Supplemental Figure 1). Chronic
obstructive pulmonary disease (COPD) (6.8% vs 2.9%,
Pagjustea = 0.035) and hypertension (36% vs 22.1%,
Pgjustea = 0.003) were more common in those who
returned, though other comorbidities such as chronic
kidney disease, asthma, coronary artery disease, and
diabetes mellitus were not. Though not statistically

significant, there was a clinically significant lower fre-
quency of therapeutic anticoagulation use in the index
hospitalization among patients who re-presented to the
hospital when compared with those who did not re-
present to the hospital (20.9 vs 30.9%, Pagjusiea = 0.06).

Across the entire subset of individuals that re-presented to
the hospital, the median time to return was 4.5 days (Fig. 1).
Among patients who returned to the hospital, we observed a
shorter median index hospitalization LOS (4.7 days; 95%
confidence interval (CI) 2.9-9.1), compared with patients
who did not return (6.7 days, CI 3.5-11.5, Pygjustea = 0.006)
(Table 1). This trend was consistent in subgroups restricted to
patients who were intubated (P,gjusica = 0.006) or admitted to
the ICU (Pagjustea = 0.003) during index admission.

Certain index hospitalization laboratory values on discharge
differed among patients who returned vs those who did not
(Table 2). These included minor but statistically significant
differences in basic metabolic panel components, including
sodium, potassium, and glucose. Lower white blood cell
(WBC) counts, platelets, and LDH, as well as higher albumin,
were observed on discharge among patients who returned.
However, no major differences were found in other recorded
inflammatory markers, including C-reactive protein, erythro-
cyte sedimentation rate (ESR), fibrinogen, ferritin,
procalcitonin, or troponin.
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Figure 1 Time to return to hospital since discharge for COVID-19-related hospitalization. Cumulative density function of time to return to the
ED or readmission illustrates the proportion of patients (/V = 103) from each return visit type contributing to the total. For every time point, the

proportion of readmitted patients (/V = 56) is higher than those who are only seen in the ED and then discharged (V = 47).

Reasons for and Outcomes on Return

The most common reason for return to hospital was respiratory
distress (50%). Other reasons included chest pain (6%), other
pain (6%), altered mental status (5%), falls (5%), and skin/
soft-tissue infections (5%) (Fig. 2). The frequency of these

return reasons was consistent in two subgroups of re-
presenting patients: those who were readmitted for a subse-
quent hospitalization and those who re-presented to the hos-
pital but were discharged from the Emergency Department. In
comparison with vitals taken at discharge from the index
hospitalization, pulse (96 vs 82 bpm) and respiratory rate (19

Table 2 Labs All Patients Re-Presenting to the Hospital, Taken at Discharge

Metabolic markers
Sodium (mEq/L)
Potassium (mEq/L)
Blood urea nitrogen (mg/dL)
Creatinine (mg/dL)
Glucose (mg/dL)
Calcium (mEq/L)
Hematological markers
White blood cells (103/uL)
Hemoglobin (mEq/L)
Neutrophil percentage
Lymphocyte percentage
Platelets (no.)
Liver function
Total bilirubin (mg/dL)
Gamma-glutamy] transpeptidase (units/L)
Albumin (g/dL)
Coagulation markers
International normalized ratio
Inflammatory markers
C-reactive protein (mg/L)
D-dimer (ng/mL)
Erythrocyte sedimentation rate (mm/h)
Ferritin (ng/mL)
Fibrinogen
Interleukin-113
Interleukin-6
Lactate dehydrogenase (LDH) (units/L)
Procalcitonin (ng/mL)
Cardiac markers
B-type natriuretic peptide (pg/mL)
Troponin (ng/mL)

139.0 (137.0, 142.0)
44 (4.0, 4.8)

18.0 (12.0, 37.0)
0.9 (0.7, 1.6)

106.0 (89.0, 151.0)
8.4 (7.9, 8.8)

7.7 (5.6, 10.7)

12.0 (10.1, 13.4)
73.1 (62.7, 82.7)
16.2 (9.5, 24.0)
262.0 (186.0, 373.2)

0.6 (0.4, 0.8)
48.0 (30.0, 100.0)
2.8 (24, 32)

1.1 (1.1, 1.3)

66.0 (24.2, 143.0)
1.6 (0.8, 3.2)

64.0 (37.8, 90.0)
749.5 (380.0, 1607.2)
612.0 (494.0, 742.5)
0.4 (0.3, 0.7)

56.8 (25.1, 124.0)
394.0 (304.0, 512.0)
0.2 (0.1, 0.6)

67.5 (26.0, 212.7)
0.0 (0.0, 0.1)

138.0 (135.0, 141.0)
4.2 (3.8, 4.6)

18.0 (11.0, 30.0)
0.9 (0.7, 1.5)

99.0 (85.0, 121.2)
8.3 (7.8, 8.8)

6.3 (4.9, 8.7)

11.7 (10.0, 13.4)
70.4 (63.1, 79.8)
16.7 (10.7, 24.2)
231.0 (180.5, 337.5)

0.5 (0.4, 0.7)
35.0 (21.0, 134.8)
3.0 (2.6, 3.4)

1.1 (1.0, 1.2)

70.9 (31.3, 143.6)
1.8 (0.8, 2.9)

72.0 (44.5, 89.8)
590.0 (305.0, 1238.5)
621.0 (514.0, 747.0)
0.5 (0.3, 0.8)

45.4 (263, 71.9)
316.0 (255.0, 437.0)
0.2 (0.1, 0.7)

92.1 (32.3, 242.1)
0.0 (0.0, 0.1)

< 0.001
0.001
0.362
0.795
0.013
0.803

0.001
0.892
0.101
0.219
0.091

0.359
0.317
< 0.001

0.162

0.696
0.696
0.652
0.086
0.775
0.581
0.128
< 0.001
0.841

0.192
0.970

60
53
51
41
48
49

16
20
20

102
2225
102

1179

478
719
1632
506
1628
2234
1337
566
681

1362
414
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Figure 2 Reasons for return to hospital in 103 patients. Among patients who returned to hospital within the 14-day event horizon (V = 103), the
majority presented with respiratory distress as the primary reason. SSTI, skin/soft-tissue infections; AMS, altered mental status; Resp Distress,
respiratory distress.

vs 18 breaths/min) were higher on return to hospital.
Returning patients similarly had higher WBC counts (9.2 x
10% vs 7.0 x 10° cells) and lower lymphocyte percentages
(12.1% vs 14.8%) compared at discharge (Supplemental
Table 2). On readmission, six (10.7%) patients required
ICU-level care. Among all patients that were readmitted upon
return, 51 were (91.1%) successfully discharged, three (5.4%)
died, and two (3.6%) remained hospitalized.

DISCUSSION

To the best of our knowledge, this is the first report character-
izing early return to hospital following discharge in COVID-
19 patients across multiple hospital centers. Though the per-
centage of patients returning to hospital within 14 days was
small, we made several important observations. First, patients
who returned generally presented within 5 days of discharge,
with only half of these requiring hospital readmission. Age,
sex, and race/ethnicity were not different in patients returning
to the hospital compared with those patients who did not return
within 14 days; however, there was a higher prevalence of
hypertension and COPD. Second, respiratory distress, ac-
counting for half of all symptoms on return, was the most
common cause for returning to the hospital. Finally, returning

patients had a shorter LOS, had lower frequencies of ICU care,
and were less likely to have been on therapeutic
anticoagulation on index hospitalization compared with pa-
tients that did not return to the hospital. These findings may
offer implications for the post-discharge care of patients hos-
pitalized with COVID-19, and if verified, could inform re-
source allocation.**

Notably, patients returned to hospital relatively early at a
median of 4.5 days after discharge from their index hospital-
ization. While the lack of association between age and return
to hospital was surprising, the finding that COPD was more
common among returning patients was consistent with the
observation that respiratory distress was the most common
cause for return. Though lower BMI could serve as a marker
for and has been associated with worse health outcomes in
other disease states, the distributions of BMI between those
returning to the hospital and those who did not were relatively
similar (Supplementary Figure 1) with a low difference in
means; therefore, further work is needed to unravel the asso-
ciation between BMI and outcomes in COVID-19.

Interestingly we note that patients who returned to the
hospital had lower LOS on index hospitalization. Despite
administrative prioritization to reduce LOS and readmissions,
studies across a variety of disease states have suggested these
two outcomes may be inversely related.’”’ Reducing LOS
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during the COVID-19 pandemic has also been emphasized for
the purposes of preserving resources and limiting exposure.
Further, we observed returning patients were less likely to
have required ICU stay during the index hospitalization. ICU
stay serves as a marker of illness severity and thereby may
caution practitioners to ensure clinical stability prior to dis-
charge.® Whether continued in-hospital observation translates
into longer LOS for improvement in respiratory status impacts
readmission status and exposure risk warrants further
study.”'® These patients also had trends of higher heart rate,
respiration rate, elevated WBCs, and higher platelet counts
when returning to the hospital as compared with discharge,
which may be consistent with signs of the continuation of the
underlying inflammatory process that may not have subsided
fully prior to discharge.

We also observed a trend towards the association between
treatment-dose anticoagulation use and return to hospital.
There is increasing speculation that COVID-19 is a pro-
thrombotic disease'"'? and as such, the impact of treatment-
dose anticoagulation on readmission and other outcomes is of
special interest. However, this trend may be confounded by
the institution of systemic anticoagulation policies at our in-
stitution for SARS-COV-2-positive patients mid-way
throughout the time period of this study, which suggests the
need for a more rigorous clinical trial design to validate this
observed trend.

Finally, though comparative data on COVID-19 return
to hospital does not yet exist, readmissions for other
diseases provide context for our observed re-
presentation rate (3.6%). The largest study to date
assessing 15-day readmissions following an index hos-
pitalization for pneumonia found that 11.5% of patients
were readmitted to the hospital.'? Another study on
influenza observed 5.2 readmissions per 100 index hos-
pitalizations within 10 days and 8.6 within 20 days.'*
Our readmission rates were lower, which could reflect
regional differences before the pandemic, hesitancy to
return to the hospital during the pandemic, a preponder-
ance of healthier individuals among those hospitalized
for COVID-19, or less likely, re-presentation to hospi-
tals outside the Mount Sinai Health System. Teasing
apart these contributions will require further work dis-
secting geo-demographic, temporal, and historical trends
in both our hospital system and others.

Several limitations of this study warrant mention. First,
small sample sizes and missing data restricted statistical power
and prevented multivariable analysis to adequately control for
non-normal distributions and feature collinearities.'> Larger
sample sizes may allow the development of such multivariable
models to address potentially confounding factors and are
actively being pursued.'® The lack of multivariate adjustment
was mitigated in our comparison of discharge and re-

presentation data, because patients served as their own con-
trols for these hypothesis tests. Another limitation is that
height was occasionally recorded from previous hospital en-
counters in patient charts, so height and BMI were missing in
11% of patients from the database implementation for the
index COVID+ hospitalizations. To maintain proper data hy-
giene, we avoided looking beyond this initial patient encoun-
ter to recover these heights. Missing information was also
encountered for a subset of anticoagulation medication data,
which were obtained with an alternate procurement procedure
that resulted in data harmonization issues for 14% of patients.
Second, although the MSHS reflects a large and diverse co-
hort, clinical management varies across hospitals and con-
tinues to evolve. Additionally, many of these discharges were
in the earlier period of the COVID-19 pandemic when hospital
capacity was strained. Thus, generalizability may be limited
due to a possible temporal bias, necessitating extension of
current studies to longer time periods. Third, readmission over
a 30-day horizon may permit comparative analyses with read-
mission rates for other diseases to inform impact on systems-
level operations. The number of readmissions may have been
underreported given the retrospective design of this study due
to presentation to hospitals outside of the Mount Sinai Health
system that could not be tracked via EHR and at-home patient
deaths that prevented a return to the hospital.'”

In summary, among patients discharged following admis-
sion for COVID-19, the rate of early return to hospital was
relatively low (3.6%), with only half requiring readmission.
The most common cause for return to hospital was respiratory
distress. Returning patients were more likely to have a history
of COPD and hypertension and have had shorter length of stay
and lower frequency of therapeutic anticoagulation use during
their index hospitalization. When larger sample sizes become
available, the conceptual framework and preliminary trends in
this study can help guide future research in understanding
determinants of safe discharge and appropriate in-hospital
treatment for preventing readmission and death following a
COVID-19 hospitalization.
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