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Purpose:  The  purpose  of this  study  was  to identify  clinical  and  chest  computed  tomography  (CT)  features
associated  with  a severe  form  of coronavirus  disease  2019  (COVID-19)  and  to  propose  a  quick  and  easy
to  use  model  to identify  patients  at risk  of  a severe  form.
Materials  and  methods:  A total  of  158 patients  with  biologically  confirmed  COVID-19  who  underwent
a  chest  CT  after  the onset  of  the  symptoms  were  included.  There  were  84  men  and  74  women  with  a
mean  age  of  68  ± 14  (SD)  years  (range:  24–96  years).  There  were  100  non-severe  and  58  severe  cases.
Their  clinical  data  were  recorded  and the first  chest  CT examination  was  reviewed  using  a  computerized
standardized  report.  Univariate  and  multivariate  analyses  were  performed  in order  to  identify  the risk
factors  associated  with  disease  severity.  Two  models  were  built:  one  was  based  only  on  qualitative  CT
features  and  the other  one  included  a semi-quantitative  total  CT score  to replace  the  variable  representing
the  extent  of the  disease.  Areas  under  the  ROC  curves  (AUC)  of  the  two  models  were  compared  with
DeLong’s  method.
Results: Central  involvement  of  lung  parenchyma  (P <  0.001),  area  of  consolidation  (P < 0.008),  air  bron-
chogram  sign  (P <  0.001),  bronchiectasis  (P <  0.001),  traction  bronchiectasis  (P <  0.011),  pleural  effusion
(P  <  0.026),  large  involvement  of  either  one  of the  upper  lobes  or  of the  middle  lobe  (P <  0.001)  and
total  CT  score  ≥  15 (P <  0.001)  were  more  often  observed  in  the  severe  group  than  in  the  non-severe
group.  No significant  differences  were  found  between  the  qualitative  model  (large  involvement  of either
upper  lobes  or  middle  lobe  [odd  ratio  (OR)  =  2.473],  central  involvement  [OR  =  2.760],  pleural  effusion

[OR  = 2.699])  and  the  semi-quantitative  model  (total  CT score  ≥  15  [OR  =  3.342],  central  involvement
[OR  = 2.344],  pleural  effusion  [OR  = 2.754])  with  AUC  of 0.722  (95%  CI: 0.638–0.806)  vs.  0.739  (95%  CI:
0.656–0.823),  respectively  (P =  0.209).
Conclusion: We  have  developed  a  new  qualitative  chest  CT-based  multivariate  model  that  provides  inde-
pendent  risk  factors  associated  with  severe  form  of  COVID-19.

©  2020  Société  franç aise  de  radiologie.  Published  by  Elsevier  Masson  SAS. All  rights  reserved.
Abbreviations: AUC, area under the curve; COPD, chronic obstructive pulmonary
disease; COVID-19, Coronavirus disease 2019; CT, computed tomography; EWS,
Early Warning Score; GGO, ground glass opacity; HU, Hounsfield units; ICU, inten-
sive care unit; LUL, left upper lobe; ML,  middle lobe; NEWS2, New Early Warning
Score 2; OR, odd ratio; ROC, receiver operating characteristic; RT-PCR, reverse
transcriptase-polymerase chain reaction; RUL, right upper lobe; SARS-CoV-2, severe
acute respiratory syndrome coronavirus 2; SD, standard deviation.
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. Introduction

By the end of 2019, coronavirus disease 2019 (COVID-19) caused
y severe acute respiratory syndrome coronavirus 2 (SARS-CoV-
) broke out in Wuhan City, China, and rapidly spread worldwide
1]. Although the majority of symptomatic patients have a mild
orm with fever, dry cough, dyspnea, myalgia and fatigue [1], some

atients can develop a severe form of the disease. The latter may
resent with rapid worsening, sometimes resulting in acute respi-
atory distress syndrome that may  require mechanical ventilation
r intensive care unit (ICU) monitoring, and even in death [2].
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Severe disease has been reported to occur in around 15% of the
patients and mortality is around 2% of COVID-19 cases [3]. After a
massive “first wave”, which has been particularly contagious and
deadly and put health systems under strain in the spring of 2020
[4–6], a period of relative transitional lull appeared during the sum-
mer. In Europe, however, since September 2020, the number of
new cases of COVID-19 has started to rise again. The need to early
identify patients at risk of a severe form of COVID-19, for an early
and appropriate management, is rendered critical due to the large
number of affected patients, the limited number of beds in health
centers and the lack of specific or effective treatment to date.

The gold standard for establishing the diagnosis of SARS-CoV-2
infection is based on the biological analysis of respiratory secretions
by real-time reverse transcriptase-polymerase chain reaction (RT-
PCR) assay. Computed tomography (CT) not only can help make
the diagnosis of COVID-19 with greater sensitivity than RT-PCR
test [7–11], but has also been used to suggest disease severity or
outcome of the disease [12–14]. Indeed, some clinical, biological
and radiological features are associated with the severity of the
disease [15]. Regarding CT, the most widely proposed CT tool to
assess severity is a semi-quantitative CT score, aimed at reflect-
ing the extent of the lung abnormalities related to the COVID-19
[16,17]. However, the way to calculate these “total CT scores”
varies throughout the literature, along with their thresholds used
to optimize differentiation between non-severe and severe disease,
thus limiting their implementation in clinical practice [17–21].
We hypothesized that a model based only on qualitative features
should be more robust and less cumbersome to use, particularly in
a context of increased clinical workload.

The purpose of this study was to investigate the clinical and CT
features associated with severe COVID-19 patients, and to propose
a model based on qualitative CT features able to rapidly identify
these patients.

2. Materials and methods

2.1. Study population

In accordance with French law, this retrospective study on
medical records was authorized by the “Commission Nationale de
l’Informatique et des Libertés”. The participants were informed
of the possibility of using the information concerning them, for
biomedical research purposes, and had a right of opposition. Among
a cohort of 499 patients over 18 years of age hospitalized from
February 25th to April 30th 2020 in Reims University Hospital for
COVID-19, those with confirmation of the diagnosis of COVID-19
using RT-PCR assay of SARS-CoV-2 and with a chest CT examination
performed after the onset of the symptoms were retrospectively
included. Patients with missing clinical data (n = 1), patients with
prior lobectomy (n = 2) and those for whom CT examination was not
available (n = 3), not interpretable (n = 2) or performed more than
15 days after the onset of the symptoms (n = 22) were excluded.
Fig. 1 shows the flow chart of the study population.

Patients were assigned to two groups, including “non-severe
cases” and “severe cases” according to the worst clinical situation
during hospitalization, assessed at the end of hospitalization. The
“severe cases” patients were hospitalized patients who required
non-invasive ventilation or humidified nasal high-flow oxygen
system (OptiflowTM) or invasive ventilation or extracorporeal
membrane oxygenation as well as those who died prior to dis-
charge. “Non-severe cases” patients corresponded to the other

patients, regardless of the need for oxygen therapy.

The clinical parameters including age, sex, body mass index,
New Early Warning Score 2 (NEWS2), hospital length of stay, time
between the onset of the symptoms and the first CT examination
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divided into two  groups, 0 to 7 days and 8 to 15 days), admission
r not into ICU during hospitalization stay, worst clinical situa-
ion during hospitalization, status (dead or alive) at day 28 after
he onset of the symptoms, comorbidities (diabetes mellitus, car-
iovascular disease, systemic hypertension, asthma and chronic
bstructive pulmonary disease), symptoms and clinical signs, as
ell as laboratory findings, were collected and evaluated. We  used

n Early Warning Score (EWS) based on an adapted version of the
EWS2 score with age ≥ 65 (score 3 points) developed by Liao et al.

22].

.2. CT examinations and imaging evaluation

.2.1. CT protocol
All patients underwent chest CT examinations covering from the

pex to the lung base, in the supine position, using a 64-row helical
T scanner (GE Revolution EVO CT Scanner, GE Medical Systems).
he scanning parameters were as follows: reconstruction matrix of
12 mm × 512 mm and 1.375:1 helical pitch. Lung window setting
as with a window level of −600 Hounsfield units (HU) and win-
ow width of 1600 HU. One hundred and seven (107/158; 67.7%) CT
xaminations were acquired without intravenous administration
f iodinated contrast material, with the following parameters: tube
oltage, 120 kV; automatic tube current, 100 to 320 mA;  and slice
hickness, 1.25 mm with 1.25 mm increment. Fifty-one (51/158;
2.3%) CT examinations were acquired after intravenous admin-

stration of iodinated contrast material at a pulmonary arterial
hase, with the following parameters: tube voltage, 100 kV; auto-
atic tube current, 100 to 450 mA;  slice thickness, 0.625 mm  with

.625 mm increment.

.2.2. Image analysis
A radiologist, blinded to clinical data and laboratory findings

eviewed all CT examinations (the first CT when the patients had
ultiple CT examinations), using a computerized structured report

or COVID-19 available on the web  platform (“Keydiag”, Keymag-
ng, Grenoble, France, https://keydiag.org). This structured report
s based on the guidelines for COVID-19, issued by the French
horacic Imaging Society. It includes the following imaging fea-
ures, defined according to the Fleischner Society Glossary of Terms
or Thoracic Imaging [23], as follows: ground glass opacity (GGO)
nodular or area of GGO), consolidation (rounded or subpleural
and or area of consolidation), crazy-paving pattern, axial distri-
ution of the disease (presence of central involvement or not),
agittal distribution (inferior and/or posterior involvement), num-
er of lobes affected, lobar distribution, degree of involvement of
ach lung lobe, overall extent of lung involvement measured as
etailed below. Other abnormalities including intralobular retic-
lation, vascular enlargement (dilatation of pulmonary vessels
round and within the lesions), air bronchogram sign within GGO
r consolidation, bronchiectasis, traction bronchiectasis, halo sign,
eversed halo sign, pleural thickening, intrathoracic lymph node
nlargement (short-axis diameter ≥ 10 mm),  pleural effusion and
ericardial effusion, were noted. Presence of pulmonary embolism,
ulmonary infarction and enlargement of the pulmonary trunk
diameter of main pulmonary artery > 29 mm)  was  reported too.

Each of the five lung lobes was  assessed for degree of involve-
ent and scored as “0” (0%), “1” (1%–9%), “2” (10%–24%), “3”

25%–49%), “4” (50%–74%) or “5” (75%–100%). A “total CT score” was
stablished by summing up the degree of involvement of each lobe
quoted from 0 to 5) so as to obtain a score ranging from 0 to 25.
verall extent of lung involvement was  also classified according to
he French guidelines [24] as follows: none (0%), minimal (1%–9%),
oderate (10%–24%), extensive (25%–49%), severe (50%–74%) and

ritical (75%–100%), and was  obtained in two  ways: 1. visually and
. using Keydiag software. The overall extent, assessed visually,

https://keydiag.org/
https://keydiag.org/
https://keydiag.org/
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Fig. 1. Study flow chart. COVID-19: Coronavirus disease 2019; CT: comp

was dichotomized into two groups: “none, minimal, moderate and
extensive” overall extent (0%–49%) and “severe and critical” extent
(50%–100%). The involvement of all five lobes was also reported.
Area of GGO and area of consolidation were defined as non-nodular
opacities, concerning multiple adjacent pulmonary lobules.

For the purpose of this study, we created a new qualitative imag-
ing criterion reflecting the extent of the disease in a lobe. A visual
involvement of more than half of a lobe was then called “large
involvement”.

2.3. Statistical analysis

Categorical variables were expressed as raw numbers, propor-
tions and percentages. Continuous variables were expressed as
means ± standard deviations (SD) or medians (interquartile ranges)
and ranges. Differences between the non-severe group and the
severe group were analyzed using Chi2 or Fisher exact test for cat-
egorical variables and Student t-test or Wilcoxon–Mann–Whitney
U-test for continuous variables. The calculation of the weighted
kappa coefficient was performed to assess the agreement between
the visual analysis and the analysis with Keydiag software [25].
NEWS2 was analyzed both as a continuous variable (ranging from
0 to 15) and as a dichotomized variable: “0 to 6” and “7 to 15”.

Multivariate logistic regression with backward selection,
including variables with a P-value < 0.05 by univariate analyses, was
used to identify the independent risk factors associated with the
development of severe COVID-19. Systematic adjustment was per-
formed on age and on time between the first symptoms and the
first CT examination. The most relevant clinically and radiologi-
cally qualitative variables were chosen in building the multivariate
model. Goodness of fit of the final model was assessed using the
Hosmer–Lemeshow test. Receiver operating characteristic (ROC)
analysis was used to determine the clinical value of total CT scores
in distinguishing the non-severe and severe forms, and find the
corresponding cutoff value. Then, another multivariate model was

built replacing the qualitative variable representing the degree of
spatial extent by the total CT score as a categorical variable, using
the determined cutoff. The discriminatory ability of the two  mul-
tivariate models was evaluated by using the area under the ROC

t
6
r

79
tomography; RT-PCR: reverse transcriptase-polymerase chain reaction.

urve (AUC) and its 95% CI, and compared using the method of
eLong et al. [26]. Differences in diagnostic performances between

he total CT score and the NEWS2 as continuous variables were
lso analyzed by comparing the ROC curves. All analyses were per-
ormed by using SAS statistical software (version 9.4, SAS Institute,
ary) and R software program (version 3.6.1, R Foundation for Sta-
istical Computing). The level of statistical significance was set at

 < 0.05.

. Results

.1. Patient demographics and clinical manifestations

One hundred and fifty eight patients constituted the final pop-
lation: 84 (84/158; 53.2%) men  and 74 (74/158; 46.8%) women.
ean age was 68 ± 14 (SD) years (range: 24–96 years). Among

he 158 patients, 100 (100/158; 63.3%) were non-severe cases and
8 (58/158; 36.7%) were severe cases. Table 1 summarizes demo-
raphics and clinical baseline characteristics between non-severe
roup and severe group. There was no significant age or sex differ-
nce between the two  groups.

In the non-severe group, 67 (67/100; 67%) patients required
xygen therapy. In the severe group, according to the worst clin-
cal situation during hospitalization, 14 (14/58; 24.1%) patients
equired non-invasive ventilation or humidified nasal high-flow
xygen system (OptiflowTM), 11 (11/58; 19.0%) invasive ventilation
r extracorporeal membrane oxygenation and 33 (33/58; 56.9%)
ied prior to discharge.

Forty-two (42/158; 26.6%) patients were admitted in ICU dur-
ng their hospitalization and 33 (33/158; 20.9%) died within the
8 days after the first symptoms. Median time from the onset of the
ymptoms to the first CT examination was 7 days (IQR; 4, 10; range:
–15 days); 86 (86/158; 54.4%) patients underwent CT within the
rst 7 days after the onset of the symptoms and 72 (72/158; 45.6%)
etween 8 and 15 days.
Patients in the severe group had a significantly greater NEWS2
han those in the non-severe group (9.3 ± 2.9 [range: 3–15] vs.
.1 ± 3.4 [range: 0–15]; P < 0.001). Furthermore, a NEWS2 ≥ 7, cor-
esponding to a “high clinical risk requiring urgent or emergency
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Table  1
Demographics and clinical baseline characteristics of non-severe group and severe group.

Parameter All patients
(n = 158)

Non-severe group
(n = 100)

Severe group
(n = 58)

P-value

Age (years) 68 ± 14 [24–96] 68 ± 14 [35–93] 68 ± 16 [24–96] 0.918
Sex  0.088

Male  84 (84/158; 53.2%) 48 (48/100; 48.0%) 36 (36/58; 62.1%)
Female 74 (74/158; 46.8%) 52 (52/100; 52.0%) 22 (22/58; 37.9%)

Body mass index (n = 115) 29 (24, 33) [16–63] 29 (24, 33) [19–63] 28 (24, 32) [16–42] 0.723
NEWS2 ≥ 7 (n = 143) 78 (78/143; 54.6%) 42 (42/96; 43.8%) 36 (36/47; 76.6%) < 0.001
Hospital stay (days) (n = 157) 10 (6, 18) [0–137] 10 (6, 15) [0–69] 11 (6, 26) [1–137] 0.070
Time  between symptoms and first CT 7 (4, 10) [0–15] 7 (3, 10) [0–15] 7 (5, 10) [0–15] 0.532
Death at day 28 33 (33/158; 20.9%) 0 (0/100; 0%) 33 (33/58; 56.9%) . . .
Hypertension (n = 140) 91 (91/140; 65.0%) 60 (60/87; 69.0%) 31 (31/53; 58.5%) 0.208
Cardiovascular disease (n = 140) 69 (69/140; 49.3%) 43 (43/87; 49.4%) 26 (26/53; 49.1%) 0.966
Diabetes mellitus (n = 140) 55 (55/140; 39.3%) 30 (30/87; 34.5%) 25 (25/53; 47.2%) 0.136
Asthma (n = 32) 11 (11/32; 34.4%) 9 (9/19; 47.4%) 2 (2/13; 15.4%) 0.128
COPD (n = 32) 12 (12/32; 37.5%) 5 (5/19; 26.3%) 7 (7/13; 53.9%) 0.150
Wrestling respiratory signs (n = 157) 5 (5/157; 3.2%) 1 (1/100; 1.0%) 4 (4/57; 7.0%) 0.059
Chest  pain (n = 156) 15 (15/156; 9.6%) 7 (7/100; 7.0%) 8 (8/56; 14.3%) 0.139
Anosmia (n = 152) 19 (19/152; 12.5%) 14 (14/97; 14.4%) 5 (5/55; 9.1%) 0.339
Fever  (n = 157) 127 (127/157; 80.9%) 80 (80/99; 80.8%) 47 (47/58; 81.0%) 0.972
Ageusia (n = 152) 17 (17/152; 11.2%) 12 (12/97; 12.4%) 5 (5/55; 9.1%) 0.536
Cough (n = 156) 124 (124/156; 79.5%) 78 (78/98; 79.6%) 46 (46/58; 79.3%) 0.966
Dyspnea (n = 155) 103 (103/155; 66.5%) 60 (60/98; 61.2%) 43 (43/57; 75.4%) 0.071
Myalgia (n = 155) 39 (39/155; 25.2%) 23 (23/98; 23.5%) 16 (16/57; 28.1%) 0.525
Headache (n = 155) 17 (17/155; 11.0%) 10 (10/98; 10.2%) 7 (7/57; 12.3%) 0.690
Diarrhea (n = 154) 51 (51/154; 33.1%) 31 (31/98; 31.6%) 20 (20/56; 35.7%) 0.605
Abdominal pain (n = 154) 21 (21/154; 13.6%) 13 (13/98; 13.3%) 8 (8/56; 14.3%) 0.860
Respiratory rate (n = 143) 22 (18, 28) [12–55] 20 (17, 28) [12–44]

(n = 94)
26 (21, 32) [14–55]
(n = 49)

< 0.001

Temperature, ◦C (n = 150) 37.7 ± 1.0 [35.0–40.6] 37.6 ± 1.0 [35.5–40.6]
(n = 97)

37.8 ± 1.0 [35.0–40.3]
(n = 53)

0.108

Mean blood pressure (mmHg) (n = 148) 92.8 ± 14.9 [57.7–150.0] 93.1 ± 15.0 [57.7–150.0]
(n = 96)

92.2 ± 14.9 [64.0–119.3]
(n = 52)

0.720

Heart rate (bpm) (n = 151) 88 ± 17 [47–141] 86 ± 15 [56–122]
(n = 97)

92 ± 20 [47–141]
(n = 54)

0.092

Quantitative data are expressed as means ± standard deviations or medians (Q1, Q3); numbers in brackets are ranges. Qualitative variables are expressed as raw numbers;
numbers in parentheses are proportions followed by percentages.
Bold indicates significant P-value.
NEWS2: New Early Warning Score 2; COPD: chronic obstructive pulmonary disease.
Number of patients with missing data: weight (n = 24), BMI  (n = 43), NEWS2 (n = 15), hospital length of stay (n = 1), hypertension (n = 18), cardiovascular disease (n = 18),
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diabetes mellitus (n= 18), asthma (n = 126), COPD (n = 126), wrestling respiratory s
dyspnea (n = 3), myalgia (n = 3), headache (n = 3), diarrhea (n = 4), abdominal pain (n
rate  (n = 7).

response” [21], was also significantly more often found in the severe
group (P < 0.001). There were no significant differences of symp-
toms and clinical signs between the two groups except for the
respiratory rate that was significantly greater in the severe group
(P < 0.001).

3.2. Laboratory findings

Table 2 summarizes laboratory findings between non-severe
group and severe group. Patients in the severe group had a
lower lymphocyte count and greater levels of serum inflammatory
biomarkers.

3.3. Chest CT findings

On CT, COVID-19-related abnormalities were present in 142/158
patients (89.9%) (Table 3). The most common CT findings in both
groups included GGO (139/158; 88.0%), consolidation (116/158;
73.4%), intralobular reticulation (120/158; 76.0%), vascular enlarge-
ment (113/158; 71.5%), pleural thickening (107/158; 67.7%),
crazy-paving pattern (96/158; 60.8%) and air bronchogram sign
(93/158; 58.9%).
Central involvement of lung parenchyma by the disease, area
of consolidation, air bronchogram sign, bronchiectasis, traction
bronchiectasis and pleural effusion were significantly more often
seen in the severe group (Table 3). So was “large involvement of at

s
(
w
“

80
 = 1), chest pain (n = 2), fever (n = 1), anosmia (n = 6), ageusia (n = 6), cough (n = 2),
espiratory rate (n = 15), temperature (n = 8), median arterial pressure (n = 10), heart

east one of the three following lobes including LUL, RUL and ML”
P < 0.001). Regarding the visual overall extent of lung involvement,
n involvement ≥ 50% was also significantly more often seen in the
evere group (P < 0.001).

Weighted kappa coefficient for correlation between visual anal-
sis and Keydiag software to determine the overall extent of lung
nvolvement was  excellent (0.929; CI: 95%: 0.895–0.962).

Median total CT score was  11.5 (IQR: 6, 16; range: 0–24).
UC of ROC analysis of the total CT score, taken as a categori-
al variable with a cutoff value of 15 and performed to identify
atients at risk of severe form, was  0.672. With this cutoff value,
ensitivity and specificity were 53.4% and 81.0%, respectively
Fig. 2). Thus, 19 (19/100; 19.0%) patients had a score ≥ 15 in
he non-severe group vs. 31 (31/58; 53.5%) in the severe group.
he total CT scores of severe patients were then significantly
reater than those of the non-severe patients with this cutoff
P < 0.001).

Among the 51 (51/158; 32.3%) patients in whom pulmonary
rterial phase contrast-enhanced CT examination was  available,
nly 3 (3/51; 5.9%) had CT signs of pulmonary embolism. There
as only one pulmonary infarction, in the severe group. Among

he 27 (27/158; 17.1%) patients who presented with a pleural effu-

ion, none was of great abundance. At the end of the CT analysis, 29
29/158; 18.4%) cases had a condition described as “compatible”
ith COVID-19 and 113 (113/158; 71.5%) as “very suggestive” or

typical”.
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Table  2
Laboratory findings between non-severe group and severe group.

Parameter Total
(n = 158)

Non-severe group
(n = 100)

Severe group
(n = 58)

P-value

White blood cell count, × 109/L 6.90 (5.20, 9.30) 6.50 (5.00, 7.90) 8.60 (6.00, 12.10) < 0.001
(n  = 150) [0.40–28.20] [0.40–28.20] [0.40–27.00]

(n = 97) (n = 53)
Neutrophil count, × 109/L 5.05 (3.40, 7.60) 4.70 (3.15, 5.95) 6.80 (4.50, 10.50) < 0.001
(n  = 146) [0.90–25.50] [1.20–25.50] [0.90–20.0]

(n = 96) (n = 50)
Lymphocyte count, × 109/L 0.90 (0.70, 1.40) 1.05 (0.80, 1.55) 0.85 (0.60, 1.20) 0.025
(n  = 146) [0.10–11.20] [0.10–4.40] [0.30–11.20]

(n = 96) (n = 50)
C-reactive protein, mg/L 71.9 (34.4, 147.0) 53.8 (20.0, 100.5) 136.0 (70.5, 206.0) < 0.001
(n  = 146) [1.6–370.0] [1.6–345.0] [6.3–370.0]

(n = 96) (n = 50)
D-dimer level, mg/L 0.82 (0.43, 3.52) 0.70 (0.43, 1.32) 1.76 (0.70, 4.13) 0.060
(n  = 51) [0.11–20.00] [0.11–18.98] [0.27–20.00]

(n = 31) (n = 20)
NT-proBNP, pg/mL 424.50 (157.50, 1694.00) 343.00 (119.00, 1338.00) 839.00 (221.00, 4175.00) 0.047
(n  = 124) [7.00–81888.00] [9.00–81888.00] [7.00–67152.00]

(n = 81) (n = 43)

All data are expressed as medians (Q1, Q3); numbers in brackets are ranges.
Number of patients with missing data: white blood cell count (n = 8), neutrophil count (n = 12), lymphocyte count (n = 12), C-reactive protein (n = 12), D-dimer level (n = 107),
NT-ProBNP (n = 34). Bold indicates significant P-value.

Table 3
CT features in non-severe group and severe group.

Parameter Total
(n = 158)

Non-severe group
(n = 100)

Severe group
(n = 58)

P-value

COVID-19 lesions 142 (142/158; 89.9%) 91 (91/100; 91.0%) 51 (51/58; 87.9%) 0.538
Central involvement 78 (78/158; 49.4%) 38 (38/100; 38.0%) 40 (40/58; 69.0%) < 0.001
Posterior and/or inferior distribution 73 (73/158; 46.2%) 50 (50/100; 50.0%) 23 (23/58; 39.7%) 0.441
GGO  139 (139/158; 88.0%) 89 (89/100; 89.0%) 50 (50/58; 86.2%) 0.603
Nodular GGO 84 (84/158; 53.2%) 59 (59/100; 59.0%) 25 (25/58; 43.1%) 0.054
Area  of GGO 126 (126/158; 79.8%) 76 (76/100; 76.0%) 50 (50/58; 86.2%) 0.124
Crazy-paving pattern 96 (96/158; 60.8%) 57 (57/100; 57.0%) 39 (39/58; 67.2%) 0.204
Consolidation 116 (116/158; 73.4%) 69 (69/100; 69.0%) 47 (47/58; 81.0%) 0.099
Rounded consolidation 41 (41/158; 26.0%) 23 (23/100; 23.0%) 18 (18/58; 31.0%) 0.267
Subpleural band of consolidation 92 (92/158; 58.2%) 60 (60/100; 60.0%) 32 (32/58; 55.2%) 0.553
Area  of consolidation 48 (48/158; 30.4%) 23 (23/100; 23.0%) 25 (25/58; 43.1%) 0.008
Intralobular reticulation 120 (120/158; 76.0%) 75 (75/100; 75.0%) 45 (45/58; 77.6%) 0.714
Vascular enlargement 113 (113/158; 71.5%) 67 (67/100; 67.0%) 46 (46/58; 79.3%) 0.098
Air  bronchogram sign 93 (93/158; 58.9%) 47 (47/100; 47.0%) 46 (46/58; 79.3%) < 0.001
Bronchiectasis 40 (40/158; 25.3%) 16 (16/100; 16.0%) 24 (24/58; 41.4%) < 0.001
Traction bronchiectasis 15 (15/158; 9.5%) 5 (5/100; 5.0%) 10 (10/58; 17.2%) 0.011
Reversed halo sign 5 (5/158; 3.2%) 5 (5/100; 5.0%) 0 (0/58; 0.0%) 0.084
Halo  sign 4 (4/158; 2.5%) 4 (4/100; 4.0%) 0 (0/58; 0.0%) 0.123
Pleural thickening 107 (107/158; 67.7%) 66 (66/100; 66.0%) 41 (41/58; 70.7%) 0.543
Pleural effusion 27 (27/158; 17.1%) 12 (12/100; 12.0%) 15 (15/58; 25.9%) 0.026
Pericardial effusion 14 (14/158; 8.9%) 10 (10/100; 10.0%) 4 (4/58; 6.9%) 0.508
Intrathoracic lymph node enlargement 79 (79/158; 50.0%) 47 (47/100; 47.0%) 32 (32/58; 55.2%) 0.322
Total  CT score (cutoff ≥ 15) 50 (50/158; 31.7%) 19 (19/100; 19.0%) 31 (31/58; 53.5%) < 0.001
Visual  overall extent < 0.001

0–49%  120 (120/158; 75.9%) 88 (88/100; 88.0%) 32 (32/58; 55.2%)
50–100% 38 (38/158; 24.1%) 12 (12/100; 12.0%) 26 (26/58; 44.8%)

Large involvement of at least RUL or LUL or ML  47 (47/158; 29.8%) 19 (19/100; 19.0%) 28 (24/58; 48.3%) < 0.001
Involvement of 5 lobes 105 (105/158; 66.5%) 61 (61/100; 61.0%) 44 (44/58; 75.9%) 0.057
Frequency of lobe involvement

Right upper lobe 128 (128/158; 81.0%) 79 (79/100; 79.0%) 49 (49/58; 84.5%) 0.397
Right  middle lobe 115 (115/158; 72.8%) 69 (69/100; 69.0%) 46 (46/58; 79.3%) 0.160
Right  lower lobe 134 (134/158; 84.8%) 85 (85/100; 85%) 49 (49/58; 84.5%) 0.930
Left  upper lobe 127 (127/158; 80.4%) 78 (78/100; 78%) 49 (49/58; 84.5%) 0.323
Left  lower lobe 133 (133/158; 84.2%) 85 (85/100; 85%) 48 (18/58; 82.8%) 0.710
No.  of lobes involved 5 (4, 5) [0–5] 5 (3, 5) [0–5] 5 (5, 5) [0–5] 0.153

Enlarged pulmonary trunk 42 (42/158; 26.6%) 23 (23/100; 23.0%) 19 (19/58; 32.8%) 0.181

oporti

 lobe. 

3

Qualitative variables are expressed as raw numbers; numbers in parentheses are pr
numbers in brackets are ranges.
GGO: ground glass opacity; RUL: right upper lobe; LUL: left upper lobe; ML:  middle

The AUC of the total CT score as a continuous variable was  0.713

(95% CI: 0.612–0.813) and the AUC of the NEWS2 was 0.768 (95% CI:
0.690–0.845). No significant difference in diagnostic performances
between the total CT score and the NEWS2 as continuous variables
was found (P = 0.327) (Fig. 3).
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81
ons followed by percentages. Quantitative data are expressed as medians (Q1, Q3);

Bold indicates significant P-value.

.4. Multivariate analysis and models associated with a severe

orm of COVID-19

Table 4 shows the most relevant clinically and radiologically
ualitative multivariate model in relationship to the severe form



A. Devie, L. Kanagaratnam, J.-M. Perotin et al. Diagnostic and Interventional Imaging 102 (2021) 77–84

Fig. 2. Receiver operating characteristic (ROC) analysis of the total CT score taken as
a  categorical variable with a cutoff value of 15: the area under the curve to identify
patients at risk of a severe form of Coronavirus disease 2019 (COVID-19) was 0.672
(95% CI: 0.597–0.748). The cutoff value of 15 yielded 53.4% sensitivity and 81.0%
specificity. AUC: area under the curve; CI: confidence interval.

Fig. 3. Graph shows receiver operating characteristic (ROC) curves of the total CT
score and the New Early Warning Score 2 (NEWS2) as continuous variables for
diagnosing severe Coronavirus disease 2019 (COVID-19) patients. No significant dif-
ference in diagnostic performances between the total CT score and the NEWS2 as
continuous variables was found (P = 0.327).

Table 4
Qualitative multivariate model associated with a severe form of COVID-19.

Variablea OR 95% confidence interval

Central involvement 2.760 1.239–6.148
Pleural effusion 2.699 1.092–6.669
Large involvement of at least

RUL or LUL or ML
2.473 1.103–5.546

AUC: 0.722 (95% CI: 0.638–0.806).
RUL: right upper lobe; LUL: left upper lobe; ML:  middle lobe; OR: odd ratio.

a Adjusted on age and on time between the first symptoms and the first CT exam-
ination

Table 5
Semi-quantitative multivariate model associated with a severe form of COVID-19.

Variablea OR 95% confidence interval

Central involvement 2.344 1.032–5.325
Pleural effusion 2.754 1.099–6.901
Total CT score ≥ 15 3.342 1.466–7.619

AUC: 0.739 (95% CI: 0.656–0.823).
CT: computed tomography; OR: odd ratio.
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a Adjusted on age and on time between the first symptoms and the first CT exam-
nation.

f COVID-19. The qualitative model included central involvement
OR = 2.760), pleural effusion (OR = 2.699) and large involvement of
UL or RUL or ML  (OR = 2.473), and had an AUC of 0.722 (95% CI:
.638–0.806).

Table 5 shows the second multivariate model that was built
eplacing the qualitative variable “large involvement of at least
UL or LUL or ML”, representing the degree of spatial extent, by
he total CT score as a categorical variable using the cutoff of
5. This semi-quantitative model included central involvement
OR = 2.344), pleural effusion (OR = 2.754) and total CT score ≥ 15
OR = 3.342), and had an AUC of 0.739 (95% CI: 0.656–0.823).

No significant difference in diagnostic performances between
hese two  models was found (P = 0.209) (Fig. 4).

. Discussion

We  propose a new qualitative model allowing a simple and
uick evaluation of first chest CT examination performed in patients
ith COVID-19, in order to identify patients at risk of developing a

evere form of the disease. This model is based on the assessment of
entral involvement of lung parenchyma by the disease, of pleural
ffusion and of large involvement of at least one upper lobe or of
he middle lobe.

Our qualitative model does not differ in terms of performances
rom a model integrating the most commonly used and previously
alidated total semi-quantitative CT score, based on the overall
xtent of the disease [16]. Although the time needed to assess this
otal CT score has never been calculated, to our knowledge, it is
ighly likely that the time required to sum up the scores of each
ve lobes is higher than just rapidly checking three lobes for the
resence of any large COVID-19-related abnormality. Of  note, cal-
ulation of well-aerated lung in COVID-19 patients using automatic
oftware has been reported as taking a median time of as much as
70 seconds, even though software-assisted calculations are meant
o be quicker than human quantifications [27]. Moreover, the use
f a total semi-quantitative CT score seems difficult to translate
o daily practice as the way to calculate the score widely varies
hroughout the different studies [12,13,19,20,28]. Besides, the cut-
ffs used to differentiate non-severe and severe forms of COVID-19

lso vary, depending on the type of score used, the outcome of the
tudy, the type and size of the population, the number of severe
ases included [15,17,18,21,29].
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Fig. 4. Graph shows receiver operating characteristic (ROC) curves of the qualitative
and  the semi-quantitative multivariate models for diagnosing severe Coronavirus
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disease 2019 (COVID-19) patients. No significant difference in diagnostic perfor-
mances between these two  models was found (P = 0.209).

In our study, the performances of the qualitative model and of
the model with integration of the total semi-quantitative CT score,
as well as the performances of the semi-quantitative CT score on its
own, were all lower than those reported in the literature. Notably,
the area under the ROC curve for the total semi-quantitative CT
score on its own was 0.672 using an optimal threshold of 15,
whereas other authors have reported values of AUC in the range
of 0.85–0.90 using a total CT score with the same range (0–25),
albeit not with the same cutoffs [15,29]. Differences in criteria at
inclusion as well as in the clinical definition of severe forms may
explain these discrepancies.

Area of consolidation, bronchiectasis and traction bronchiec-
tasis were significantly more often found in the severe group of
patients. In line with some other studies, air bronchogram sign
[13,17] and pleural effusion [17] were also significantly more often
found. Unlike in some other studies, pericardial effusion was not
found as a criteria associated with a severe form, nor was lymph
node enlargement, nor was crazy-paving pattern [13,17]. The most
relevant CT features were all related to the extent of the disease.
The total CT scores of the patients in the severe group were sig-
nificantly higher than those of the non-severe group, which was
consistent with most studies [15,17,18,29].

As far as clinical criteria are concerned, Early Warning Scores
have been reported to be among the most accurate tools for predict-
ing patient deterioration outside ICU [30] and have been designed
to assess infected patients at their arrival to the emergency depart-
ment. Some of the variants of the EWS, such as the one used in our
study, which is an adapted version of the NEWS2, were suggested to
evaluate physiological parameters in acute COVID-19 patients and

thus to be able to early and rapidly identify patients requiring ICU
admission [31,32]. In our study, NEWS2 had performances similar
to those of the total semi-quantitative CT score, thus emphasizing

D
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he value of this easy to perform and quick clinical tool in identify-
ng patients at risk of a severe form of COVID-19. To our knowledge,
o far, our study is the first to compare both EWS  and CT in this
ontext.

In line with other studies, in our study patients with severe
isease had higher neutrophil and lower lymphocyte counts, as
ell as higher C-reactive protein serum level [15,18,19,21]. Con-

ersely, and unlike in other studies [15,19,33], D-dimer level was
ot significantly associated with disease severity. However, this
esult has to be considered in light of the low number of patients
ith pulmonary embolism in our study compared to what has been

eported so far in other studies [34–37].
Limitations of our study include its retrospective nature.

atients thus underwent CT examinations based on clinical need
nd not based on a predesigned study protocol. This may have
aused a selection bias of the more clinically ill patients. Moreover,
atients may  have received treatments before CT examination with

 potential impact on the extent and nature of the lesions. Another
imitation is the absence of interobserver reproducibility assess-

ent. However, evaluation of the CT examinations was thorough
nd standardized through the use of a computerized standardized
eport illustrating each CT feature with a typical image. Lastly, the
ime between the onset of the symptoms and the CT examination
as  not standardized. Yet, we included patients whose CT exam-

nations were performed within the first 15 days and the median
ime wound up being of seven days in both non-severe and severe
roups.

In conclusion, we  suggest the use of a qualitative model asso-
iating three “easy to assess” qualitative CT features including: (i)
entral involvement of lung parenchyma by the disease; (ii) pleural
ffusion; and (iii) large involvement of at least one upper lobe or
f the middle lobe. Using this qualitative model may facilitate the
ssessment of the chest CT by the radiologist by avoiding the cum-
ersome calculation of the total semi-quantitative CT score. Our
esults should be confirmed by further larger scale-studies with a
ore balanced data between the two  groups.
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