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Objective: To analyse the rate of occurrence and the clinical variables associated with
readmission of patients who had previously been discharged after admission for COVID-19.
Setting: University hospital in Madrid (Spain).

Participants: Sixty-one patients (74% male) who presented COVID-19 were readmitted
during the 3 weeks after discharge from hospital.

Interventions: Nested case—control study paired (1:1 ratio) by age, sex and period of
admission.

Outcome Measures: Rate of readmission rate of patients discharged after suffering
COVID-19 and identification of the clinical variables associated with it.

Results: Out of 1368 patients who were discharged during the study period, 61 patients
(4.4%) were readmitted. Immunocompromised patients (N=10.2%) were at increased risk for
readmission (p=0.04). There was also a trend towards a higher probability of readmission in
hypertensive patients (p=0.07). Cases had had a shorter hospital stay and a higher prevalence
of fever during the 48 hours prior to discharge. There were no significant differences in
oxygen levels measured at admission and discharge by pulse oximetry intra-subject or
between the groups. Neutrophil-to-lymphocyte ratio at hospital admission tended to be
higher in cases than in controls (p=0.06). Neither glucocorticoids nor anticoagulants pre-
scribed at hospital discharge were associated with a lower readmission rate. Patients who
were readmitted due to a thrombotic event (8 patients, 13.1%) presented a higher level of
D-dimer at discharge of initial admission.

Conclusion: The rate of readmission after discharge from hospital for COVID-19 was low.
Immunocompromised patients and those presenting with fever during the 48 hours prior to
discharge were at greater risk of readmission to hospital.

Keywords: coronavirus, pneumonia, viral, patient readmission, pulmonary embolism,
heparin

Plain Language Summary

COVID-19 is a disease that occurs in epidemic outbreaks and may require a large number of
hospital beds to be available for a short period of time. As it is a new disease, its clinical
evolution is not well studied. It is known that there is an “inflammatory phase” after the viral
infection that can lead to worsening caused by the involvement of several organs (lung,
brain, heart, digestive tract) and due to various mechanisms (infection, inflammation, for-
mation of thrombi within the blood vessels). Knowing the characteristics of patients who
worsen after discharge from the hospital can help to better decide the time of discharge and
makes a closer follow-up once the patient goes home. We have found that patients with low
defenses (immunosuppressed patients) and those who have fever during the 48 hours prior to
discharge are at increased risk of readmission to the hospital. We believe that the sharing of
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these findings could make the clinical management of patients
with COVID-19 more effective and appropriate.

Introduction
The dramatic effects of the COVID-19 pandemic on the
population have overwhelmed many health institutions
around the world. During several weeks, the demand for
hospital beds has exceeded the capacity to admit patients.'
In addition, the high hospital attendance rate has reduced
the capability to treat other serious diseases such as neo-
plasms or cardiovascular diseases.”” Therefore, making
the most efficient use of hospital beds should be an
imperative objective during outbreaks of this nature.

Clear guidelines on when to discharge patients
admitted with this infection based on their clinical evolu-
tion have not yet been established.* Therefore, physicians
may act too cautiously, protracting hospital stay unneces-
sarily, or conversely, they may be too bold in discharging
patients quickly, potentially worsening their prognosis.
Although the study of readmitted patients with COVID-
19 is a very relevant problem, to date very little attention
has been devoted to its different clinical aspects.””’
Knowledge of the characteristics of patients who are
most at risk of being readmitted to the hospital in the
following weeks could help to better decide when to dis-
charge and to select patients who need closer clinical
follow-up after discharge.

Therefore, we planned a study to find out the rate of
occurrence and the clinical variables associated with readmis-
sion of patients discharged after suffering from COVID-19

Methods
Setting

The study was conducted in a 613-bed tertiary care uni-
versity hospital in Madrid (Spain). The first case of SARS-
CoV-2 infection was confirmed on 25 February, 2020 in
the Community of Madrid. Since then, this region
accounts for 68,696 confirmed cases, 42,928 inpatients
and 14,671 deaths, being the most affected area in Spain.
the first
27 February, and there have been nearly 1500 in-patients.

In our hospital, case was identified on
The highest count of admitted patients was 626, which was

reached on 30 March 30.

Study Population
We studied a retrospective cohort of patients with labora-
tory-confirmed SARS-CoV-2 infection who were admitted

and subsequently discharged alive. The study period
extended between 26 February and 20 April 2020. SARS-
CoV-2 was detected by a real-time PCR assay targeting
E-gene, RARP-gene and N-gene, performed with the pro-
tocol reported by the WHO.®

Case—Control Study

We conducted a nested case—control study matched (ratio
1:1) by age, sex and period of admission. Two periods
were defined based on the incidence of admission cases.
The first covered from 26 February to 26 March, the
period of highest cumulative incidence of admission
cases, and the second from 27 March to 20 April.

A case-patient was defined as a patient with confirmed
SARS-CoV-2 infection who had been readmitted within 3
weeks of discharge and clinical presentation of readmis-
sion was related to the infection or its treatment. Patients
who were discharged but not readmitted were considered
as controls, after excluding death during that period.

The medical data included parameters such as obesity,
cancer, diabetes, chronic obstructive pulmonary disease
(COPD), immunosuppression and hypertension. Obesity
was defined as a body mass index greater than 30 kg/m?.
Immunocompromised patients included those with solid
organ or hematopoietic stem cell transplantation, HIV infec-
tion, or who were previously treated more than 3 weeks with
glucocorticoids (equivalent dose of prednisone >15 mg/day)
or immunosuppressive drugs. Symptoms (including their
length), physical examination findings and laboratory mea-
surements were extracted from the electronic medical
record. Analytical data (hemogram, basic biochemistry, lac-
tate dehydrogenase, C-reactive protein, D-dimer and ferritin)
at admission and discharge were recorded. To evaluate the
radiological evolution, we consider the corresponding radi-
ologist report. No specific discharge criteria were estab-
lished. The usual criteria in community pneumonia were
used, such as disappearance of fever, improvement of the
general condition and respiratory failure. Outcomes included
death and hospital discharge.

Clinical presentations related to the infection or compli-
cations related to treatment for SARS-CoV-2 infection were
registered as reasons for admission, including respiratory
manifestations, venous or arterial thrombosis, exacerbation
of chronic disease, organ failure, bacterial superinfection.

Statistical Analysis
The chi-squared test and Fisher’s exact test were used to
compare categorical variables, and continuous variables by
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Table | Clinical Characteristics of All COVID-19 Patients Admitted During the Study Period
Characteristics Patient with a Single Admission Readmitted Patients P
(n=1307) (n=61)
Age (median, IQR) 64 (54-75) 67 (59-76) 0.14
Male (n, %) 827 (63.3) 45 (73.8) 0.10
Length of symptoms (median, IQR) | 7 (4-10) 6 (3-10) 0.43
Admission to ICU (n, %) 93 (7.1) 3(49) 0.51
Non-survivors (n, %) 163 (12.5) 9 (14.7) 0.6l
Note: *Patients who died during hospital readmission.
Abbreviations: IQR, interquartile range; ICU, intensive care unit.
Table 2 Cause of Hospital Admission in Cases (First Admission) and Controls
Condition Cases (n=61) Controls (n=61) p
Pneumonia 53 (86.9) 59 (96.7) 0.05
Heart failure 2 (3.3) 1 (1.64) 0.55
Bacterial superinfection 5(8.2) 4 (6.7)° 0.75
Acute kidney failure I (1.6) 0 (0.0 0.32
Note: °In three patients there was lung co-infection.
Student’s r-test and the Mann—Whitney U-Test. Univariate  hospital admission and readmission in the cases.

and multivariate logistic regression was undertaken with
Stata 13.0 software (StataCorp, College Station, US). All
tests of significance were two-tailed, and values of p<0.05
were considered statistically significant.

Data Statement

The information contained in the database can be obtained
through the corresponding author. There are legal difficul-
ties for direct access from the journal.

Patient and Public Involvement Statement
Taken into account the type of research, it was not appro-
priate to involve patients nor the public in the design, or
conduct, or reporting, or dissemination plans of our research.

Results

Out of 1368 patients who were discharged during the study
period, 61 patients (4.4%) were readmitted (Table 1,
Figure 1S (Supplementary Material). The median time
from discharge to readmission was 6 days (IQR 3-10).
One hundred and sixty-three patients (12.5%) died during
the first admission.

Clinical Characteristics of the Patients
Who are Readmitted

Table 2 shows the causes for admission in the cases (first
admission) and the controls and Table 3 the cause of

Admission due to pneumonia tended to be more frequent
among controls than among cases.

Table 4 displays demographic and clinical characteristics
of cases and controls. Immunocompromised patients were at
increased risk for readmission. There was also a trend
towards a higher probability of readmission in hypertensive
patients (p=0.07). Cases had had a shorter hospital stay and
a higher prevalence of fever during the 48 hours prior to

Table 3 Cause of Hospital Admission and Readmission in Cases

Condition Initial Readmission
Admission (n=61)
(n=61)
Pneumonia 53 (86.9) 34 (55.7)*
Pulmonary thromboembolism 8 (13.1)?
Heart failure 2 (3.3) 6 (9.8)
Bacterial infection 5(8.2) 4 (6.6)
Acute kidney failure 1 (1.6) 2 (3.3)
Deep vein thrombosis I (1.6)
Lower limb arterial I (1.6)
thrombosis
Myocardial acute infarction I (1.6)
Severe bleeding I (1.6)
Diabetes, hyperglycaemic I (1.6)
hyperosmolar state
Generalized oedema I (1.6)
Threatened miscarriage I (1.6)

Note: *p<0.001.
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Table 4 Demographic and Clinical Characteristics in Cases and Controls

Characteristics Cases (n=61) Controls (n=61) P
Age (median, IQR) 67 (59-76) 66 (57-76) 0.68
Male (n, %) 45 (73.8) 45 (73.8) 1.00
Comorbidity
Obesity 6 (9.8) 5(82) 0.75
Diabetes mellitus 14 (22.9) 10 (16.4) 0.36
Hypertension 34 (55.4) 24 (39.3) 0.07
Cardiovascular disease 16 (26.2) 12 (19.7) 0.39
COPD 12 (19,7) 12 (19.7) 1.00
Neoplasia 12 (19.7) 12 (19.7) 1.00
Immunosuppression® 10 (16.4) 3 (49) 0.04
Initial admission
Length of symptoms (median, IQR) 6 (3-10) 7 (4-9) 0.52
Admission to ICU (n, %) 3 (49) 5(82) 0.72
Total hospital stay (median, IQR) 6 (4-14) 9 (6-14) 0.02
Pneumonia on admission (n, %) 53 (86.9) 59 (96.7) 0.05
Oxygen saturation (%, mean, SD)° 94.9 (2.7) 94.7 (2.0) 0.68
Discharge
Fever 48 hours at discharge (n, %) Il (18.0) 4 (6.6) <0.001
Afebrile at discharge (days, median, IQR) 5 (3-10) 7 (5-11) 0.03
Oxygen saturation (%, mean, SD)° 93.7 (12.4) 94.9 (2.2) 0.46
Radiological evolution (n, %)
No change 21 (42.9) 18 (38.3) 0.31
Worsening 16 (32.7) 11 (23.4)
Improving 12 (24.4) 18 (38.3)
Glucocorticoid treatment at discharge (n, %) 30 (49.2) 26 (42.62) 0.47
Anticoagulants at discharge® (n, %) 16 (26.2) 17 (28.9) 0.84

Notes: *Systemic autoimmune disease, 4 patients; Multiple Sclerosis 2, patients; lymphoproliferative disease 2 patients; solid organ transplantation, 2 patients; primary
immunodeficiency, myasthenia gravis and inflammatory bowel disease, | patient each. “Breathing room air. “Upon discharge, 15 cases and 14 controls received low molecular

weight heparin in prophylactic doses.

Abbreviations: IQR, interquartile range; SD, standard deviation; COPD, chronic obstructive pulmonary disease.

discharge. There were no significant differences in oxygen
levels measured at admission and discharge by pulse oxi-
metry intra-subject or between the groups. Neither gluco-
corticoids nor anticoagulants prescribed at hospital
discharge were associated with a lower readmission rate
(Table 4). Seventeen cases and 16 controls received antic-
oagulant treatment. Anticoagulant treatment consisted of
low molecular weight heparin (LMWH) at prophylactic
doses in 88.2% of cases and 87.5% of controls, respectively.

No difference in analytical data at admission or dis-
charge was evident between the two groups (Table 5).
Neutrophil-to-lymphocyte ratio at hospital admission
tended to be higher in cases than in controls (p=0.06).
Multivariate analysis of the variables most related to hos-
pital readmission in patients with COVID-19 are shown in

Tables 1S (Supplementary Material).

There were 33 patients who had repeat PCR at the time
of readmission, 16 of whom (45.5%) were positive, result-
ing in a reduced number of positive patients compared to
the index admission. There was a trend towards a higher
incidence of pneumonia in patients with positive PCR on
readmission (11 patients, 68.7%) than in patients with
negative PCR (6 patients, 35.3%, p=0.055). Other causes
of readmission in patients with positive PCR were pul-
monary thromboembolism (three patients, 18.7%), sys-
temic arterial ischemia (one patient, 6.2%) and delivery
(one patient, 6.2%). Other causes of readmission in
patients with negative PCR were pulmonary thromboem-
bolism (three patients, 17.6%), heart failure (three patients,
17.6%), bacterial superinfection (three patients, 17.6%),
and decompensation of the underlying disease (two
patients, 11.7%). The comparison of other clinical and
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Table 5 First and Last Laboratory Analysis Results of Patients with COVID-19
Cases Controls P
At initial admission (median, IQR)
C-reactive protein, mg/L 34.5 (15.8-100.2) 37.8 (8.7-70.0) 0.28
D-Dimer, ng/mL 1.08 (0.48-1.94) 0.65 (0.36—1.54) 0.09
Lactate dehydrogenase, units/L 266.5 (216-322) 251.0 (213-323) 0.62
Ferritin, ng/mL 756 (302-2081) 603 (370-869) 0.55
Lymphocyte count, cells/pL 970 (670-1460) 1090 (870-1430) 0.31
Neutrophil count, cells/uL 4390 (3070-7300) 3960 (2770-6110) 0.30
Neutrophil-to-lymphocyte ratio 4.32 (2.82-7.40) 3.23 (2.30-5.31) 0.06
Pre-discharge (median, IQR)
C-reactive protein, mg/L 15.7 (5.2-49.5) 15.3 (4.0-35.2) 0.45
D-Dimer, ng/mL 0.89 (9.38-1.44) 0.60 (0.39-1.37) 0.41
Lactate dehydrogenase, units/L 225 (178-278) 241 (192-286) 0.50
Ferritin, ng/mL 670 (416—-1434) 469 (308-876) 0.11
Lymphocyte count, cells/uL 1070 (600-1700) 1360 (900-1620) 0.09
Neutrophil count, cells/uL 3820 (2100-5700) 3940 (2865-5480) 0.53
Neutrophil-to-lymphocyte ratio 3.13 (1.90-8.43) 3.01 (1.74-5.68) 0.35

Abbreviation: IQR, interquartile range.

analytical variables between both groups is shown in
Tables 2S and 3S (Supplementary Material). The motive

for readmission in 10 patients (16.4%) was a thrombotic
event in venous or arterial territory. Among them, seven
patients had no anticoagulant medication recommended at
discharge (p=0.07). All cases that presented pulmonary
thromboembolism or deep vein thrombosis were diag-
nosed during the second admission (p=0.001).
Readmitted patients due to pulmonary thromboembolism
(eight patients, 13.1%) presented a higher pre-discharge
D-Dimer level [median; interquartile range (IQR) 1.41;
1.11-2.43] than the rest of the patients (median 0.65;
IQR: 0.34-1.23; p=0.011).

Discussion

The readmission rate shown in this study may be consid-
ered as moderate, which suggests that discharge decisions
were frequently appropriate and the prognosis for most
patients was favourable. Immunocompromised patients
and those who presented fever within 48 hours prior to
discharge were at increased risk of readmission.

These results are similar to those of other published
studies, with a readmission rate during the first weeks
between 2% and 4%.% The vast majority of COVID-19
patients who are discharged are not readmitted, suggesting
that they are not discharged hastily. In addition, the read-
mission rate of COVID-19 patients appears to be lower
than that observed in conventional patients treated in

internal medicine wards. This fact may be related to the
more advanced age and relevant comorbidity in the latter.’
In any case, further research would be desirable to analyse
how to adjust the hospital stay even further without sig-
nificantly increasing readmissions.

Clinical Characteristics of the Patients
Who are Readmitted

Our immunocompromised patients were at increased risk
for readmission. The effect of immunosuppression on the
clinical course of SARS-Cov-2 infection is not well
known. Long-term use of glucocorticoids can cause atypi-
cal clinical presentation with a longer incubation period,
which could reduce the clinical suspicion of this
infection.'® Likewise, mild cases have been described in
relation to the mitigation of cytokine storm by the previous
use of immunosuppressive drugs.'’ In fact, some immu-
nocompromised patients are receiving treatment with
interleukin inhibitors such as tocilizumab or anakinra,
which are drugs that have been successfully used in
patients with COVID-19. On the other hand, it has been
observed that transplanted patients have a clearly worse
prognosis than other types of patients.'> These discordant
findings may be due to the different effects of each type of
immunosuppression on innate and acquired immunity and
the uncertainty of the role of viral replication in the prog-
nosis of the disease.'>'* Until the prognosis and course of
immunosuppressed patients with COVID-19 is better
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understood, close monitoring is desirable to promptly
detect the eventual occurrence of clinical worsening.

Patients with hypertension in our series showed a trend
towards a more frequent readmission (p=0.07). Other studies
have reported a higher risk of readmission in patients with
hypertension, which could be related to the more severe dis-
ease of COVID-19 in hypertensive patients.” Our study did not
show an increased risk of readmission in COPD patients,
which, according to Sulaiman et al,” seems to be expected
from the hypoxemia associated with respiratory infections in
these patients. Patients who present with fever during the 48
hours prior to discharge are at increased risk of readmission
and should be followed closely in order to detect relevant
problems in their clinical evolution and to be able to receive
an earlier treatment. Differences in age between cases and
controls were not analysed, due to age-adjusted case—control
matching, but the previous study showed no difference in age
in terms of risk of readmission.” Of note, analytical alterations
(LDH, C-reactive protein, neutrophil-to-lymphocyte ratio, and
D-dimer) were not useful in predicting readmission. There was
a trend towards higher D-dimer and neutrophil-to-lymphocyte
ratios on admission and lower lymphocyte counts on discharge
in patients who were readmitted (Table 5). This result has also
been reported by other authors and reinforces the belief that
clinical variables (such as fever or respiratory failure) are more
important than analytic ones (such as the degree of lymphope-
nia or the plasma level of C-reactive protein) for decision-
making in this disease.’

Description of the Cause for Admission

at Initial Admission and Readmission

The immobilization due to asthenia and malaise, hypoxia,
coagulopathy and endothelial viral damage that characterize
COVID-19 predispose patients to venous thromboembolic
disease (VTE).">'® Nevertheless, cases of VTE usually appear
progressively during the 4 weeks after the first arrival in
hospital, which may explain why it is a more frequent cause
of admission in the second than in the first admission (Table
3)!° The use of prophylactic LMWH in our institution
increased as we became more aware of the risk of VTE.
However, the prophylactic strategy with LMWH has not
been successful in all cases.'” Patients who were readmitted
for vascular thrombotic problems tended to have been dis-
charged from the initial admission without anticoagulant med-
ication (p=0.07). The concentration at discharge of the first
admission of D-dimer was higher in patients who were read-
mitted for pulmonary embolism. Although the relationship

between D-dimer and VTE risk in patients with COVID-19
has been established previously, a recommendation for VTE
prophylaxis based on a specific plasma D-dimer concentration
of the patient at discharge has not yet been carried out. Closer
clinical surveillance and prescription of prophylactic heparin
could reduce the incidence of severe cases of TVE in patients at
greatest risk.'®

Moreover, treatment of patients during initial admission
with intravenous fluids, glucocorticoids and anticoagulants
may cause worsening of chronic diseases such as heart failure
or diabetes and end up causing readmissions. In addition,
uncontrolled diabetic patients may present impaired adaptive
immune response due to an inadequate CD4+ T-cell
response.'” The careful use of medication and optimal medical
care is a clear objective in the management of these patients.

Strengths and Limitations
The strength of the study is based on the determination of the
rate of readmissions and their causes and its case—control
design which has allowed the identification of the clinical
profile of patients who readmit after suffering COVID-19.
The results of the study are useful for deciding when to
discharge these patients. This study has several limitations
that should be highlighted. First, the small sample size may
have prevented the identification of differences in some vari-
ables. Secondly, it is a single-centre study having its own
diagnostic and therapeutic peculiarities. Thirdly, we cannot
completely exclude that some of the control patients had
been admitted to a private hospital, whose information is not
collected in the public health informatics system. However,
this is not likely to have occurred. And finally, it should be
noted that the demand for hospital admissions and the learning
curve of the disease has changed over the course of the epi-
demic, which may have had a varying impact on patient
discharge.

In summary, we report a low rate of readmission after
hospital for COVID-19.
Immunocompromised patients and those presenting with

discharge from
fever during the 48 hours prior to discharge are at greater
risk of readmission to hospital. Given the possibility of further
outbreaks of the disease, further research should be encour-
aged to refine the risk factors for hospital readmission that
could help to safely discharge these patients.

Ethical Statement

The study was approved by the Institutional Review Board
(CEIm) at Hospital Universitario Puerta de Hierro-
Majadahonda, and a waiver for the informed consent was
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granted (PI_154 2020). The study complied with the pro-
visions in EU and Spanish legislation on data protection
and the Declaration of Helsinki 2013.
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