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ABSTRACT
Objective  We aimed at identifying baseline predictive 
factors for emergency department (ED) readmission, with 
hospitalisation/death, in patients with COVID-19 previously 
discharged from the ED. We also developed a disease 
progression velocity index.
Design and setting  Retrospective cohort study of 
prospectively collected data. The charts of consecutive 
patients with COVID-19 discharged from the Reggio Emilia 
(Italy) ED (2 March 2 to 31 March 2020) were retrospectively 
examined. Clinical, laboratory and CT findings at first 
ED admission were tested as predictive factors using 
multivariable logistic models. We divided CT extension by 
days from symptom onset to build a synthetic velocity index.
Participants  450 patients discharged from the ED with 
diagnosis of COVID-19.
Main outcome measure  ED readmission within 14 days, 
followed by hospitalisation/death.
Results  Of the discharged patients, 84 (18.7%) were 
readmitted to the ED, 61 (13.6%) were hospitalised and 
10 (2.2%) died. Age (OR=1.05; 95% CI 1.03 to 1.08), 
Charlson Comorbidity Index 3 versus 0 (OR=11.61; 95% CI 
1.76 to 76.58), days from symptom onset (OR for 1-day 
increase=0.81; 95% CI 0.73 to 0.90) and CT extension (OR 
for 1% increase=1.03; 95% CI 1.01 to 1.06) were associated 
in a multivariable model for readmission with hospitalisation/
death. A 2-day lag velocity index was a strong predictor 
(OR for unit increase=1.21, 95% CI 1.08 to 1.36); the model 
including this index resulted in less information loss.
Conclusions  A velocity index combining CT extension and 
days from symptom onset predicts disease progression in 
patients with COVID-19. For example, a 20% CT extension 
3 days after symptom onset has the same risk as does 
50% after 10 days.

BACKGROUND
Emergency admissions are a critical point 
in the management of the SARS-CoV-2 

pandemic, especially during the peak of an 
epidemic wave. Many countries have experi-
enced two waves in 2020, with a lower case 
fatality rate in the second wave compared 
with that in March 2020, probably due to 
better testing capabilities and diagnosis of 
less severe cases.1 2 Although the critical 
care bed occupancy crisis is expected to slow 
down, COVID-19 hospital admissions period-
ically increase, thus continuing to be a chal-
lenge both for healthcare workers and public 
health officials.3

Emergency departments (EDs) play a 
crucial role in deciding which visits require 
hospital treatment and which do not, thus 
preventing unnecessary hospital admissions 
in a landscape of reduced resources and 
increasing demands for inpatient care during 
the COVID-19 pandemic. In fact, shortly 
after the beginning of the pandemic and the 
implementation of public health measures 
to reduce transmission of the virus, the use 

Strengths and limitations of this study

	► This study proposes a disease progression velocity 
index based on CT scan-derived parenchymal in-
volvement and time from symptom onset.

	► The velocity of disease progression can orient pa-
tient management by correctly identifying those at 
higher risk of readmission to emergency department 
who may require hospitalisation.

	► The main limitation of this study is that we could 
not validate the performance of our model on a val-
idation set.
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of healthcare services for elective and emergency condi-
tions decreased, while hospital admissions from the ED 
increased.4 5

During the first wave in Spain, it has been estimated 
that among all the people with COVID-19, 14.8% 
required hospitalisation,6 but actually in Italy, in the same 
phase, the vast majority of cases were diagnosed at ED 
and most of them were hospitalised.7 The unpredict-
able nature of the disease and its insufficiently known 
natural history make it difficult for emergency staff to tell 
which people will need to be admitted to the hospital. 
Although estimated median time from symptom onset 
to the time patients experience dyspnoea is 5–8 days, 
acute respiratory distress syndrome is 8–12 days and 
intensive care unit (ICU) admission is 9.5–12 days, some 
patients with COVID-19 rapidly deteriorate about 1 week 
after symptom onset8 or shortly after being discharged 
from the ED.9 Many studies aimed at building models 
to predict the prognosis and the need for critical care10 
and some specifically starting from a set of information 
available at ED admission,11 12 little is known about the 
probability of readmission in patients initially discharged 
after the first ED admission.9 Some studies have shown 
that patients with a rapid worsening of symptoms and a 
short time between symptom onset and seeking care had 
the worst outcomes.13–15

The aim of this study was to investigate the rate 
of COVID-19-related readmission to the ED and its 
determinants in a cohort of consecutive patients with 
COVID-19 presenting to the provincial ED hub of 
Reggio Emilia, Italy, and discharged during the first 
epidemic peak in the Reggio Emilia province. In partic-
ular, we wanted to estimate whether a measure of the 
velocity of disease progression at ED admission could 
orient patient management by correctly identifying 
those at higher risk of readmission to ED who would 
require hospitalisation.

METHODS
Setting
The province of Reggio Emilia, in northern Italy, has a 
population of 531 751 inhabitants. The first case of SARS-
COv-2 in Reggio Emilia was diagnosed on 27 February 
2020; the cumulative incidence of cases during the first 
wave of the pandemic (March to April 2020) was about 
0.9%. In October, the province began experiencing a 
second wave of the pandemic, with cumulative incidence 
reaching 1.8%. The first wave was characterised by a very 
high fatality rate (up to 18% in the first month),13 and 
testing was limited only to symptomatic individuals, who 
often presented with severe symptoms.

There are six hospitals in this province, with an ED 
service at the main hospital in the city of Reggio Emilia, as 
well as at four of the five smaller health district hospitals. 
There is no private ED service. The annual ED admission 
rate in 2019 was 354.2 per 1000 inhabitants.

Management of COVID-19 at the ED
With COVID-19, the organisation of the Reggio Emilia 
ED Service has changed; there are now two distinct phys-
ical areas so as to separate patients with fever and/or 
epidemiological criteria for SARS-CoV2 infection from 
all other patients. A pretriage facility outside the ED has 
been set up where patients’ history is taken, especially 
regarding epidemiological data and COVID-19-related 
symptoms.

During the first wave of the pandemic, the local diag-
nostic protocol for patients with suspected COVID-19 
pneumonia included nasopharyngeal and oropharyn-
geal swabs for reverse transcription PCR (RT-PCR), blood 
tests, chest ultrasound and radiological assessment (chest 
X-rays and a CT scan in cases of suggestive X-ray findings 
or negative X-ray but highly suggestive clinical features).

Given the paucity of information on COVID-19 avail-
able in early March 2020, a multidisciplinary team (pulm-
onologists, infectious diseases specialists, intensive care 
specialists and emergency physicians) defined a six-
class classification based on patient features, vital signs, 
medical history, symptoms, blood test results and instru-
mental findings to manage patients presenting to the ED 
(table 1).

Study design and selection of participants
A retrospective cohort study was conducted on prospec-
tively collected data. We included all consecutive patients 
aged>18 years who presented to the provincial ED hub 
of Reggio Emilia between 2 March and 31 March 2020, 
who were positive for SARS-CoV-2 on RT-PCR before or 
during ED admission and who were discharged for home 
treatment after initial evaluation. No exclusion criteria 
were adopted.

Putative determinants and definitions
We included in initial analyses all the variables that were 
available as standard parameters routinely collected for 
all patients and some additional information specifically 
introduced in ED protocols for COVID-19 suspected 
cases as of March 2020. Evaluated covariates included 
patient characteristics and presence of comorbidities, 
calculated separately, as well as the Charlson Comorbidity 
Index, which provides an overall measure of an individual 
patient’s complexity.16 We categorised the index in four 
classes: 0 (no presence of relevant comorbidity), 1, 2 
and ≥3. Variables which reflect clinical criteria relevant 
for ED discharge included presence of fever and dura-
tion of symptoms, lab test results (arterial blood gas tests, 
biochemical profile) and imaging (chest CT scan).

Blood tests and RT-PCR
C reactive protein (CRP) and lactate dehydrogenase 
levels, white cell count, lymphocyte, neutrophil and 
platelet counts as well as arterial blood gas analysis data, 
all measured at ED presentation, were collected. The tests 
were carried out in the Reggio Emilia Hospital Clinical 
Laboratories with routine automated methods.
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To diagnose SARS-CoV-2 infection, a commercial one-
step RT-PCR (GeneFinder) COVID-19 Plus Real Amp Kit 
was used, and RT-PCR assay was performed on an Applied 
Biosystems 7500 Sequence Detection System.

Data sources
Data, including date of symptom onset, diagnosis, hospi-
talisation and death, were retrieved from the COVID-19 
Surveillance Registry, coordinated by the National Insti-
tute of Health and implemented in each local health 
authority. The surveillance is fed by several sources: Reggio 
Emilia Department of Public Health’s epidemiological 
investigations, contact tracing and symptom surveillance 
for people in self-isolation, laboratory reports, ED and 
hospital electronic records and death certificates. The 
system was developed to manage each individual case. 
In the Reggio Emilia province, the surveillance system is 
linked to a dedicated software collecting data on patients 
tested for SARS-CoV-2 and for positive cases, data on 
disease outcome. Thus, the software permits the manage-
ment of surveillance activities on all cases; it produces 
a report containing all the relevant information (test 

results, ED admission, hospitalisation, in-hospital death) 
available in the data warehouse; to this, the public health 
officials add information on the epidemiological inves-
tigation, contract tracing and symptom surveillance for 
those in self-isolation.

Registry data were linked with hospital discharge data-
bases to collect information on comorbidities from all 
hospital admissions occurring up to 31 January 2020, that 
is, before the start of the SARS-CoV-2 pandemic in Italy.

The ED database contains information on all ED visits 
in the Reggio Emilia province, including the level of 
urgency and the modality of discharge.17

The local health authority’s laboratory information 
system database contains the laboratory results of all 
tests carried out in the province’s public health network, 
coded using an internal classification.

Radiological data
CT scans were performed using one of the three scanners 
(128-slice Somatom Definition Edge, Siemens Health-
ineers; 64-slice Ingenuity, Philips Healthcare; 16-slice 
GE Brightspeed, GE Healthcare) without contrast media 

Table 1  Phenotype classification adopted for patients presenting to ED in March and April 2020, in Reggio Emilia, Italy

Phenotype Clinical characteristics Suggested management

Phenotype 1 Patients with fever, with or without respiratory 
symptoms and with SpO2>95% in room air with no 
pathological findings on chest ultrasound (US) or X-
rays. Patients were discharged after nasopharyngeal 
and oropharyngeal swabs and after performing a 
negative walking test, defined as such in the absence 
of significant desaturation (>3 points from baseline 
SpO2) after walking 50 m.

Referral to the preventive medicine and public health 
department for follow-up and advised to home 
quarantine (until swab test results) and symptomatic 
therapy.

Phenotype 2a Patients aged<70 years with no relevant medical 
history, with fever, with or without respiratory 
symptoms, with SpO2>95% in room air and 
respiratory rate<25 breaths per minute, with 
radiological evidence of pneumonia. Patients were 
discharged after nasopharyngeal and oropharyngeal 
swabs and after performing a negative walking test.

Referral to preventive medicine and public health 
department for follow-up and advised to home 
quarantine (until swab test results) and start therapy 
with hydroxychloroquine orally. In some selected 
cases, antibiotics or antivirals were prescribed after 
consulting with the infectious diseases specialist.

Phenotype 2b Patients aged>70 years with relevant medical history 
(ie, diabetes, hypertension, obesity, cardiovascular 
diseases, chronic obstructive pulmonary disease 
- COPD, etc) with fever, with or without respiratory 
symptoms, with respiratory rate<25 breaths per 
minute and with radiological evidence of pneumonia.

Admission to hospital wards dedicated to COVID-19 
management, after positive nasopharyngeal and 
oropharyngeal swab. In some selected cases, 
patients were discharged home and referred to the 
preventive medicine and public health department 
for follow-up. They were advised to home isolation 
and start therapy with hydroxychloroquine and 
antivirals per os, plus antibiotics if needed.

Phenotype 3 Any patient with radiological findings of pneumonia 
and respiratory failure (with pO2<60) responsive to 
conventional O2 therapy.

Admission to hospital wards dedicated to COVID-19 
management, after positive nasopharyngeal and 
oropharyngeal swab.

Phenotype 4 Any patient with radiological findings of complicated 
pneumonia and respiratory failure without acute 
respiratory distress syndrome (ARDS).

These patients started non-invasive ventilation in 
the ED and were admitted to subintensive units 
or directly to the intensive care unit dedicated 
to COVID-19 management, after positive 
nasopharyngeal and oropharyngeal swab.

Phenotype 5 Any patient with radiological findings of complicated 
pneumonia and respiratory failure or with ARDS.

ED, emergency department.
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injection, with the patient in the supine position, during 
end-inspiration. Scanning parameters were tube voltage 
120 KV, automatic tube current modulation, collimation 
width 0.625 or 1.25 mm, acquisition slice thickness 2.5 mm 
and interval 1.25 mm. Images were reconstructed with a 
high-resolution algorithm at slice thickness 1.0/1.25 mm. 
From the verbal and structured CT reports, the extension 
of pulmonary lesions estimated by using a visual scoring 
system resulted in a percentage of total lung paren-
chyma which had any pathological changes likely due to 
COVID-19.

Outcome measures
The main outcome was readmission to the ED within 14 
days from the first admission, followed by hospitalisation 
(within 72 hours from ED admission) lasting at least 48 
hours (to exclude brief observation stays in the ED) or by 
death. We also considered any second ED visit occurring 
within 14 days from the first admission. All patients were 
followed up to 45 days from symptom onset or two nega-
tive RT-PCRs, whichever occurred first.

Data analyses
Continuous variables are reported as median and IQR 
and categorical variables as proportions. Logistic regres-
sion models were used to estimate ORs with 95% CI for 
the second ED visit and hospitalisation/death, unadjusted 
and adjusted for age and sex. We built a synthetic indi-
cator of the velocity of disease progression at ED admis-
sion, that is, the ratio of CT involvement and days from 
symptom onset to first ED admission. We used CT scan to 
measure disease extension, which is the most stable index 
of disease progression among the available data, and we 
can assume that, between symptom onset and ED presen-
tation, it will not regress. We set a minimum value of 1 day 
from symptom onset, and we considered velocity indices 
with different lag times from 1 to 6 days, plus ln (1-day 
lag) approximating 1–1.1, to avoid losing observations at 
1 day from symptom onset (ie, with denominator equal 
to 0).

Sex and age were selected prior to analysis, while the 
other potential covariates were based on the association 
found in the age-adjusted and sex-adjusted regression 
analyses. Then, the candidate variables were included 
in a multivariable logistic model and those with p<0.1 
were used for the final set of variables used to compare 
models with different velocity indices, that is, combina-
tions of CT involvement and days from symptom onset. 
The comparison of model performances was done by log 
likelihood, Akaike information criterion (AIC), p value 
for Z-test for velocity index and receiver operating char-
acteristic curves from logistic model. We presented the 
final models using logistic models with cross-validated 
area under the curve, to compare the performance of 
the models for readmission followed by hospitalisation 
or death. On the same original sample, we fitted a logit 
model and used tenfolds cross-validation to obtain a bias-
corrected estimate of predictive accuracy. This technique 

averages the AUCs corresponding to each fold and applies 
the bootstrap procedure to the cross-validated AUC. We 
used Stata V.16.1 IC (Stata Corporation, College Station, 
Texas, USA) software package.

Aggregated data for the main model are available on an 
open source repository.18

Patient and public involvement
Patients and the public were not directly involved in the 
study design or implementation.

RESULTS
Characteristics of study subjects
Of the 959 patients admitted to the ED with a diagnosis 
of COVID-19 in the period 2–31 March 2020, 450 (47%) 
patients discharged to self-isolation and treatment were 
included in the analysis (figure  1). Of the discharged 
patients, 84 returned to the ED because their COVID-19 
symptoms had worsened, resulting in an ED readmission 
rate of 18.7% (median time for the ED readmission was 
4 days). Of these 84 patients, 61 (13.6%) were hospital-
ised and 10 (2.2%) died.

Both those readmitted to the ED and those hospital-
ised or who died after readmission to the ED were older 
and presented to the ED earlier after symptom onset. 
They had lower values of pCO2 and higher values of 
PCR, procalcitonin (PCT) and creatine than did non-
readmitted patients. Readmitted patients and those who 
were hospitalised/died more frequently had three or 
more comorbidities and higher CT disease extension 
(table 2). Online supplemental table 1 shows the comor-
bidities in patients with COVID-19 presenting to the ED. 
Finally, readmitted and hospitalised/deceased patients 
had a shorter median time between symptom onset and 
ED presentation.

Characteristics associated with ED readmission and 
hospitalisation
Age-adjusted and sex-adjusted analyses showed that 
the probability of an ED readmission requiring hospi-
talisation was associated with a shorter time between 
symptom onset and ED admission, the presence of 
three or more comorbidities and creatine (table  3). 
Both univariable and multivariable regression anal-
yses were used to examine the association between 
covariates and the risk of readmission to the ED 
(online supplemental table 2).

We also tested the association between different 
indices that could indicate the velocity of disease 
progression before the first ED admission by combining 
the CT scan-derived proportion of lung parenchymal 
involvement and the time elapsed between disease 
onset and CT at the ED admission. The easiest way to 
combine these two measures to obtain a velocity was 
to divide the CT involvement observed by the time 
needed to reach it. To avoid values that were too high 
or infinite in patients reporting symptom onset as the 

https://dx.doi.org/10.1136/bmjopen-2021-052665
https://dx.doi.org/10.1136/bmjopen-2021-052665


5Galli MG, et al. BMJ Open 2022;12:e052665. doi:10.1136/bmjopen-2021-052665

Open access

same day as or the day before ED admission, we added 
a lag time representing the amount of time during 
which the disease had progressed before symptom 
onset. We set this lag time as 1–6 days (see Methods); 
we also tested a logarithmic transformation of 1-day 
lag.

Finally, we built multivariable models to predict 
readmissions requiring hospitalisation. Age, Charlson 
Comorbidity Index, CT involvement and time from 
symptom onset were entered in the model according 
to the selection criteria adopted, and we maintained 
sex in all models as an a priori choice (table 4). We 
compared the model built using the two compo-
nents independently (CT involvement and time 
from symptom onset) and a model built using the 
composite variable ‘velocity index’ with different lags 
(online supplemental table 3). The indices from 2-day 
to 4-day lag showed similar and better values in the 
parameters used for the performance of the models. 
AUC had little influence on the lag choice; we gave 
more importance to AIC and we chose the index 
with a 2-day lag. It showed strong association and the 
best parameters in terms of model fitting compared 
to other lags, and it also proved to be more parsimo-
nious than the model with the number of days from 
symptom onset and CT scan results included as inde-
pendent variables.

Figure  2 shows the increased risk in patients with 
rapid disease progression, that is, in those showing 
lung damage a few days after symptom onset. For 
example, based on the multivariable model of read-
missions followed by hospitalisation or death, we show 
the average predicted probabilities with the 2-day lag 
velocity index fixed at values 2 and 5. Here, the three 
areas of the graph defined by the two iso-risk curves 
identify patients with <11%, 11%–16% and >16% risk 
of readmission to the ED followed by death or hospi-
talisation. On average, a patient with 20% CT paren-
chymal involvement 3 days after symptom onset and 
a patient with 50% involvement after 10 days had the 
same risk of being readmitted and hospitalised or of 
dying.

DISCUSSION
This study was conducted during the first wave of the 
SARS-CoV-2 pandemic, when the overall case fatality 
rate was about 18%13 and the in-hospital mortality 
rate was about 27%.7 About one-fourth of the RT-PCR-
confirmed COVID-19 cases were discharged home 
after the initial ED evaluation; of these, only 14% were 
hospitalised or died after re-presenting to the ED.

The main determinants of readmission in our 
study were time between symptom onset and ED 

Figure 1  Flowchart representing patient enrolment and main outcomes (readmission and hospitalisation). ED, emergency 
department.

https://dx.doi.org/10.1136/bmjopen-2021-052665
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presentation, proportion of lung parenchyma involved 
as assessed on CT and the presence of comorbidities. 
Combining CT scan-derived parenchymal involvement 
and time from symptom onset, we observed that the 
velocity of disease progression may have been the real 
underlying clinical concept, explaining most of the 
predictive information contained in the two variables.

CT percentage of lung involvement has been exten-
sively described as a prognostic factor for short-term 
prognosis in patients with COVID-19,19–22 but it has 
not yet been explored as a predictor of readmis-
sion after discharge from the ED. Different scoring 
systems proposed in the literature are mostly based 
on the combined effects of the extent of pulmonary 
involvement and specific attenuation patterns (ie, 
normal, ground-glass and consolidation)21 22 but do 
not consider the time from symptom onset as an 
important factor in outcome prediction.13–15 Using 
CT scan-derived parenchymal involvement and time 
from symptom onset in a composite index to describe 
disease progression before ED admission in our study 

is consistent with previous evidence that CT lung 
changes appear early in the course of the disease, 
possibly in the asymptomatic phase as well,23 and that 
in studies with serial CT scans, CT scores increased 
faster in severe patients than in non-severe ones.24

The results of our study are also in line with a 
single study that evaluated the outcome of hospital 
readmission in patients with COVID-19 following 
ED discharge.9 The authors observed a slightly lower 
rate (8.2%) of readmission in their study, but after 
a shorter follow-up, that is, within 7 days after ED 
discharge. The factors associated with readmission 
were the same as we observed: abnormal chest radio-
graph and comorbidities (hypertension and obesity, 
fever and hypoxia).

Limitations
The main limitation of this study is that we used the CT 
scan results to predict the outcome and also to define 
the velocity of disease progression, but now CT scan is 

Table 2  Baseline characteristics of patients with COVID-19 who presented to the ED

Missing All patients

Readmission Readmission with hospitalisation/death

Median (IQR) Median (IQR)

Variables 450 84 (18.7) 61 (13.6)

Age (years) 55 (47–64) 61 (51–72) 63 (52–74)

Female sex, n (%) 211 (46.9%) 37 (17.5%) 25 (11.9%)

Days from symptom onset 7 (5–10) 7 (3–8) 5 (2–7)

CT disease extension 14  �   �

 � <20% 152 (34.9%) 26 (17.1%) 22 (14.5%)

 � 20%–39% 229 (52.5%) 37 (16.2%) 24 (10.5%)

 � 40%–59% 48 (11.0%) 13 (27.1%) 10 (20.8%)

 � ≥60% 7 (1.6%) 3 (42.9%) 2 (28.6%)

pCO2 76 36.1 (33.0–38.7) 35.0 (32.4–37.3) 34.5 (31.6–37.0)

pO2 74 78.7 (72.0–88.1) 78.5 (73.3–84.9) 78.0 (73.0–82.2)

White cell count (x 109 /L) 7 5.0 (4.1–6.1) 4.7 (4.0–6.6) 4.8 (4.1–6.8)

Neutrophils 42 67.5 (61.2–74.0) 68.2 (63.3–75.1) 70.8 (65.7–78.2)

Lymphocytes 42 23.7 (17.8–29.7) 21.0 (15.6–29.0) 20.8 (14.9–28.0)

C reactive protein 7 2.4 (1.0–4.6) 2.8 (1.5–4.2) 3.0 (1.6–5.1)

Procalcitonin 26 0.07 (0.05–0.12) 0.09 (0.06–0.14) 0.09 (0.07–0.15)

Creatine 7 0.86 (0.74–0.99) 0.91 (0.77–1109) 0.92 (0.78–1.13)

Lactate dehydrogenase 58 480 (412–569) 486 (396–553) 486 (413–561)

Bilirubin 33 0.6 (0.5–0.7) 0.6 (0.4–0.7) 0.6 (0.4–0.8)

Charlson Comorbidity Index

 � 0 406 (90.2%) 68 (16.8%) 48 (11.8%)

 � 1 22 (4.9%) 6 (27.3%) 4 (18.2%)

 � 2 15 (3.3%) 5 (33.3%) 4 (26.7%)

 � 3 7 (1.6%) 5 (71.4%) 5 (71.4%)

Continuous variables are presented as median (IQR), and categorical variables are presented as frequencies (%).
ED, emergency department.
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not a recommended test for patients presenting with 
COVID-19-related symptoms at the ED.25 26

We could not validate the performance of our model 
on a validation set: we built the model, including the 
choice of the best lag time for the velocity index, 
using the same patients for whom we estimated the 
ORs. Therefore, overfitting is certainly an issue in 
our model, which deals with methods of internal 
validation (cross-validation) for prediction models 
to generate a more realistic estimate of predictive 
performance when the number of observations is 
not very large.27 Furthermore, the sample size was 
limited by the period of observation and we could 
not increase this period because of protocol changes. 
Nevertheless, the number of ED visits, the events and 
the strength of association observed in the models, 
in terms of pseudo R2, were sufficient to estimate the 
number of parameters included.28

In our subset of patients identified as having a good 
prognosis, some of the most important prognostic 
factors of COVID-19 prognosis, such as sex,29 oxygen 
saturation,9 29 CRP29 30 and even age,29 31 had, instead, 
a surprisingly limited impact on outcome. This is most 

likely the effect of the criteria used to decide between 
hospitalisation and discharge. In fact, all patients with 
low oxygen saturation were referred to hospitalisa-
tion (the threshold was below 90%, but an evaluation 
of all other clinical characteristics was always taken 
into account), as were patients with >60% paren-
chymal involvement at CT scan and patients aged>80 
years. Other clinical characteristics also influenced 
the decision of whether to hospitalise immediately, 
particularly the presence of COPD and diabetes. 
The consequence of this selection is that for some 
variables (eg, oxygen saturation), we had very small 
range of variation. We can therefore suppose that the 
threshold used was not close enough to critical values, 
as a certain association with the outcome should have 
otherwise been observed.

Moreover, our sole purpose in investigating 
discharged patients was to see how often an ED 
discharge led to a readmission just a few days later. We 
have no idea, instead, how many of the people who 
were hospitalised at the first ED presentation could 
in fact have been safely discharged. Furthermore, we 
cannot consider all the readmissions within 2 weeks 

Table 3  Logistic regression models for readmission with hospitalisation/death

Variables

Readmission with hospitalisation/death

Crude Multivariable

OR 95% CI OR 95% CI

Age (years) 1.061 1.038 to 1.084 –

Sex

 � Female 1 –

 � Male 1.319 0.763 to 2.282

CT disease extension 1.012 0.990 to 1.034 1.013 0.990 to 1.036

Days since symptom onset 0.787 0.716 to 0.864 0.817 0.743 to 0.898

Velocity index 2-day lag 1.245 1.117 to 1.387 1.206 1.078 to 1.349

pCO2 0.962 0.899 to 1.029 0.959 0.899 to 1.022

pO2 0.976 0.951 to 1.003 0.993 0.966 to 1.020

White cell count 1.100 0.951 to 1.272 1.093 0.939 to 1.271

Neutrophils 1.021 0.990 to 1.053 1.006 0.974 to 1.038

Lymphocytes 0.959 0.927 to 0.993 0.975 0.940 to 1.011

C reactive protein 1.078 1.008 to 1.154 1.057 0.983 to 1.136

Procalcitonin 0.958 0.632 to 1.453 0.918 0.511 to 1.649

Creatine 4.259 1.612 to 11.250 2.722 1.011 to 7.326

Lactate dehydrogenase 1.000 0.997 to 1.002 1.000 0.997 to 1.002

Bilirubin 0.783 0.349 to 1.755 0.598 0.221 to 1.615

Charlson Comorbidity Index

 � 0 1 1

 � 1 1.657 0.538 to 5.103 0.797 0.237 to 2.685

 � 2 2.712 0.831 to 8.856 2.083 0.594 to 7.307

 � 3 18.646 3.520 to 98.780 12.738 2.200 to 73.746

Logistic regression models for readmission followed by hospitalisation or death, adjusted for sex and age.
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from the first ED visit a failure in decision-making: 
some readmissions occurred more than 7 days after 
the first ED visit, and self-isolation might have been 
appropriate for that initial phase of the disease.

Implications for practice
We show that time from symptom onset and lung paren-
chyma involvement were the main determinants of ED 
readmission. This suggests that, compared with the other 
known prognostic factors used to decide on hospitalisa-
tion, these two were probably not sufficiently considered: 

the threshold of 60% of parenchymal involvement may 
have been too high, compared with the 90% threshold 
used for O2 saturation.

Furthermore, we show that these two variables 
together provide relevant information about the 
velocity of disease progression prior to ED admission 
and that this velocity is a strong predictor of read-
mission. This means that, on average, a middle-aged 
patient with good oxygen saturation and no important 
comorbidities, with 20% parenchymal involvement 
on the second day after symptom onset, has the same 
probability of symptoms worsening, leading to hospi-
talisation, as does a patient with 50% parenchymal 
involvement 7 days after symptom onset.

It is important to confirm whether an indicator of 
the velocity of disease progression can be defined using 
other biomarkers of lung damage, detectable on more 
commonly used imaging examinations such as chest 
X-ray or ultrasound.

In conclusion, CT lung involvement and time from 
symptom onset are the main determinants of hospital 
readmission in patients discharged after an ED admis-
sion. Combining the two variables to obtain a velocity of 
disease progression produces a predictor that is stronger 
than is each of the two variables singly.
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