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CT findings at admission to traditional wards for COVID19 infection are independently associated with severe
outcome
Les résultats de la tomodensitométrie à l'admission dans les
services traditionnels pour une infection au COVID-19 sont
indépendamment associés à une issue grave
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ABSTRACT
Purpose. To evaluate the association of chest computed tomography (CT) findings at admission to traditional wards for
COVID-19 with unfavorable outcome. Material and methods.We selected the patients included in the Covid-Clinic-Toul
(the cohort of patients hospitalized for Covid-19 at Toulouse University hospital, south of France) up to April 20, 2020 with
a SARS-CoV-2 infection proven by reverse transcriptase polymerase chain reaction, CT performed at admission and hospitalized in traditional wards. The outcome was admission to intensive care unit, need of mechanical ventilation or death
occurring at Day14 after admission. We assessed the association of several CT findings with the outcome. Analyses were
adjusted for clinical and biological variables that impact COVID-19 severity. Results. Of the 201 included patients, 69 patients (34.3%) met outcome criteria. In the multivariate model, extension of ground-glass opacities ≥50% on CT-scan performed at admission was the radiologic sign the most strongly associated with poor outcome (OR: 3.52; 95% CI: 1.42-8.75).
The predominance of intralobular crazy paving (OR: 2.19; 95% CI: 0.91-5.28), vascular thickening (OR: 2.10; 95% CI: 0.845.22) and at a lesser extent pleural thickening (OR: 1.51; 95% CI: 0.55-4.13) were also associated with poor outcome. Conclusion. CT-scan helps in identifying COVID-19 patients at risk of poor outcome.
KEYWORDS: COVID-19; CT-scan; Prognosis.

RÉSUMÉ
Introduction. Évaluer l'association des résultats de la tomodensitométrie (TDM) thoracique à l'admission dans les services
traditionnels pour COVID-19 avec un résultat défavorable. Matériel et méthodes. Nous avons sélectionné les patients inclus dans la Covid-Clinic-Toul (cohorte de patients hospitalisés pour Covid-19 au CHU de Toulouse) jusqu'au 20 avril 2020
avec une infection avérée au SARS-CoV-2 par amplification en chaîne par polymérase transcriptase inverse, scanner réalisé
à l'admission et hospitalisé en service traditionnel. Le résultat était l'admission en unité de soins intensifs, le besoin d'une
ventilation mécanique ou le décès survenu au jour 14 après l'admission. Nous avons évalué l'association de plusieurs résultats CT avec le résultat. Les analyses ont été ajustées pour les variables cliniques et biologiques qui ont un impact sur la
gravité du COVID-19. Résultats. Sur les 201 patients inclus, 69 patients (34,3 %) répondaient aux critères de résultat. Dans
le modèle multivarié, l'extension des opacités en verre dépoli ≥ 50 % au scanner réalisé à l'admission était le signe radiologique le plus fortement associé à un mauvais pronostic (OR : 3,52 ; IC 95 % : 1,42-8,75). La prédominance du pavage fou
intralobulaire (OR : 2,19 ; IC 95 % : 0,91-5,28), de l'épaississement vasculaire (OR : 2,10 ; IC 95 % : 0,84-5,22) et dans une
moindre mesure de l'épaississement pleural (OR : 1,51 ; IC 95 % : 0,55-4,13) étaient également associés à de mauvais résultats. Conclusion. La tomodensitométrie aide à identifier les patients COVID-19 à risque de mauvais résultats.
MOTS CLÉS: COVID-19; CT-scan; Pronostic.
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INTRODUCTION
The outbreak of coronavirus disease 2019 (COVID-19)
originated in Wuhan, China started in December 2019.
The disease quickly rapidly invaded the world affecting millions of people and becoming a global health
emergency [1].
With the gradual recognition of COVID-19, professional consensus, guidelines, and criteria were steadily
established with the aim of preventing transmission
and facilitating diagnosis and treatment. From the recently published literature, CT plays a central role in
the diagnosis and management of COVID-19 pneumonia [2]. Currently, for some patients with mild clinical
symptoms, CT examination is recommended for the
detection of early diagnosis, evaluation of disease severity and of disease progression [3,4]. The predominant CT features of COVID-19 pneumonia are multiple ground-glass opacities (GGO) with or without consolidation and with both lungs, multiple lobes and
especially the lower lobe affected [5]. Other CT findings included inter lobularseptal thickening, bronchiectasis, pleural thickening, and subpleural involvement; pleural effusion and lymphadenopathy were
less common. The extent of CT abnormalities increases
rapidly after the onset of symptoms, and peaks about 6
-11 days after [6]. An increase in numbers, extent, and
density of GGOs on CT indicate disease progression
[7].
Currently, some CT signs are known to be markers of
poor prognosis in patients admitted to intensive care
units (ICU), but few have explored prognostic factors
in patients not admitted to ICU independently of other
clinical and biological variables [8–11].
Consequently, we aimed to assess the association of
chest computed tomography (CT) findings at admission with unfavorable outcome at Day14 after admission in the setting of patients hospitalized in traditional wards for COVID-19.
METHODS
Study design and participants
We conducted a cohort study within the Covid-clinicToul cohort. This cohort records data about all patients
hospitalized for SARS-CoV-2 at Toulouse University
hospital. Patients transferred from another hospital
were excluded. First patients (from March 11 to April
1) were retrospectively included and data from patients hospitalized on April 1 and thereafter were prospectively collected. All patients, or their representatives for those not able to understand the purpose of
the study, were informed by a letter given at admission to hospital and/or sent to their place of residency.
This cohort has been approved by institutional review
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board (n°RnIPH 2020-31), in accordance with the
French data protection authority (MR004, Commission Nationale de l’Informatique et des Libertés, CNIL).
In the present study, we selected the patients included in the Covid-Clinic-Toul up to April 20,
2020 with a SARS-CoV-2 infection proven by reverse transcriptase polymerase chain reaction (RTPCR), chest computed tomography (CT) scan performed at admission and hospitalized in traditional
wards at day 1 of admission.
CT-scan
CT-scans were performed at admission to hospital
(during the first 24 hours). They were retrospectively reviewed by two investigators (MF and JM). Discrepancies were solved by consensus. All CT acquisitions were obtained with the patients in supine
position during end-inspiration without contrast
medium injection. CT wereperformed on a 128-slice CT
(GE Revolution EVO 64 Slice CT Scanner, GE Medical
Systems, Milwaukee, WI, USA). The following technical parameters were used: tube voltage: 120 kV;
tube current modulation 100-250 mAs; spiral pitch
factor: 0.98; collimation width: 0.625. Reconstructions
were made with convolution kernel BONEPLUS at a
slice thickness of 1.25 mm.
The following patterns were assessed: extension of
GGOs, categorized as mild/moderate (<50% of
lung surface) or severe/critical (³50%); presence vs.
absence of subpleural curvilinear line, presence vs.
absence of nodular parenchyma consolidation,
presence vs. absence of intralobular crazy paving
pattern, presence vs. absence of pleural thickening,
presence vs. absence of vascular thickening, presence of central lesions vs. peripheral lesions only,
presence vs. absence of pleural effusion, topography of lesions (anomaly of superior or middle lobes
vs. inferior lobes only), presence vs. absence mediastinal lymphadenopathy, and predominant sign
among the following: ground-glass opacities, subpleural curvilinear line, nodular parenchyma consolidation, intralobular crazy paving, pleural thickening and vascular thickening.
Outcome
The outcome was composite, including admission
to ICU, need of mechanical ventilation and death
occurring during the 14 days after admission to
hospital.
Covariables
Covariables, measured on the day of admission,
were the age (categorized by <65 and ³65 years),
sex, body mass index ³25 vs. <25 kg/m², presence
vs. absence of comorbidities (among: arterial hypertension, cardiovascular disease, cerebrovascular
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disease, diabetes mellitus, cancer, chronic lung disease, chronic kidney disease, chronic liver disease,
immunosuppression), oxygen saturation 92% or
need of oxygen therapy, respiratory rate >22/
minute, protein C-reactive level >5 mg/dL, platelet
count < 100 x 109/L and lymphocyte count <0.9 x
109/L.
Statistical analysis
Continuous variables were expressed as mean and
standard deviation (SD) or median and interquartile
range (IQR) depending on their distribution; categorical variables were presented by numbers and
percentages.
We assessed the link between each variable and outcome occurrence by univariate logistic regression
models. The variables with a p-value <0.25 were included in a multivariate model.
TABLE 1
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Missing values of the selected variables were handled by multiple imputation (n=5 imputations by
missing value). Results are expressed using odds
ratios (ORs) and their 95% confidence intervals (CIs).
All statistical analyses were carried out using SAS
V9.4TM software (SAS institute, Cary, NC, USA).
RESULTS
Patients’ characteristics (whole population)
Among 263 patients included in the Covid-clinicToul cohort, 201 were not hospitalized in ICU on the
first day of admission to hospital and were included
in the present study. Patients’ characteristics are presented in Table 1. The median age was 64 years (IQR:
53-76), and 116 patients (57.7%) were men. The median duration of symptoms at admission was 7 days
(IQR: 4-10).

Characteristics of the 201 patients included in the study.
Whole population (n=201)

Variables

Outcome on Day 14

Univariate analysis

No (n=132)

Yes (n=69)

OR (95%CI)

p

Age ≥65 years, n (%)

98 (48.8)

58 (43.9)

40 (58.0)

1.76 (0.98-3.17)

0.06

Men, n (%)

116 (57.7)

69 (52.3)

47 (68.1)

1.95 (1.06-3.59)

0.03

Body mass index ≥25

kg/m2,

118 (64.1)

71 (59.7)

47 (72.3)

1.77 (0.92-3.40)

0.09

Comorbidities, n (%)

n (%)*

130 (64.7)

81 (61.4)

49 (71.0)

1.54 (0.82-2.89)

0.32

Respiratory rate ≥22/minute, n (%)*

110 (57.6)

66 (64.9)

44 (65.7)

1.68 (0.91-3.11)

0.10

Oxygen saturation £92% or need of oxygen
therapy, n (%)*

69 (34.3)

33 (25.2)

36 (52.2)

3.34 (1.80-6.20)

0.0001

C-reactive protein ≥5 mg/dL, n (%)*

128 (63.7)

37 (28.0)

39 (56.5)

2.08 (1.14-3.77)

0.02

8 (4.0)

2 (1.5)

3 (4.3)

2.95 (0.48-18.10)

0.24

91 (45.3)

35 (26.5)

34 (49.3)

2.49 (1.32-4.70)

0.005

Presence of ground-glass opacities, n (%)

190 (94.5)

123 (93.2)

67 (97.1)

2.45 (0.52-11.67)

Extension of ground glass opacities ≥50%

40 (19.9)

13 (9.9)

27 (39.1)

5.89 (2.7-12.45)

Subpleural curvilinear line n (%)

162 (80.6)

104 (78.8)

58 (84.1)

1.42 (0.66-3.06)

0.80

Nodular parenchyma consolidation, n (%)

56 (27.9)

40 (30.3)

16 (23.2)

0.69 (0.36-1.36)

0.29

Intralobular crazy paving, n (%)

148 (73.6)

94 (71.2)

54 (78.3)

1.46 (0.73-2.89)

0.28

Pleural thickening, n (%)

157 (78.1)

97 (73.5)

60 (87.0)

2.41 (1.08-5.35)

0.03

Vascular thickening, n (%)

145 (72.1)

88 (66.7)

57 (82.6)

2.38 (1.16-4.88)

0.02

Ground-glass opacities, n (%)

106 (52.7)

72 (54.6)

34 (49.3)

0.81 (0.45-1.45)

0.48

Subpleural curvilinear line, n (%)

30 (14.9)

21 (15.9)

9 (13.0)

0.79 (0.34-1.84)

0.59

Nodular parenchyma consolidation, n %)

18 (9.0)

13 (9.9)

5 (7.3)

0.72 (0.24-2.10)

0.54

Intralobular crazy paving, n (%)

43 (21.4)

22 (16.7)

21 (30.4)

2.19 (1.10-4.35)

0.03

Pleural thickening, n (%)

0 (0)

0 (0)

0 (0)

-

-

Vascular thickening, n (%)

0 (0)

0 (0)

0 (0)

-

-

Lesions of superior or middle lobes, n (%)

190 (94.5)

121 (91.7)

69 (100)

-

-

Presence of central lesions, n (%)

Platelet count <100 x 109/L, n (%)*
Lymphocytes < 0.9 x

109/L,

n (%)*

0.26
<0.0001

Predominant sign

100 (50.0)

60 (45.8)

40 (58.0)

1.63 (0.91-2.94)

0.10

Pleural effusion, n (%)

15 (7.5)

8 (6.1)

7 (10.1)

1.74 (0.60-5.00)

0.31

Mediastinal lymphadenopathies, n (%)

40 (20.0)

25 (19.1)

15 (21.7)

1.18 (0.57-2.42)

0.66

Missing values: body mass index, n=17; respiratory rate, n=10; oxygen saturation, n=2; C-reactive protein, n=2; platelet count, n=3;
lymphocyte count, n=25.
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Outcome
Of the 201 patients, 69 patients (34.3%) met outcome
criteria at Day 14 after admission to hospital. Thirtytwo needed mechanical ventilation and 14 died.
Comparison of patients who met outcome criteria
and other patients
The results of univariate comparisons are indicated in
Table 1. Patients who achieved the composite outcome
at Day 14 were older (58.0% ≥65 years vs. 43.9%), more
frequently men (68.1% vs. 52.3%), had more frequently
an oxygen saturation £92% or a need of oxygen therapy at admission (52.2% vs. 25.2%), C-reactive level >5
mg/dL (56.5% vs. 28.0%), and lymphopenia (49.3% vs.
26.5%). In univariate analyses, an extension of GGOs
≥50% on CT-scan performed at admission was highly
associated with a worse prognosis (OR: 5.89; 95% CI:
2.78-12.45). The other CT-scan signs associated with
outcome occurrence were: pleural thickening (OR:
2.41; 95% CI: 1.08-5.35), vascular thickening (OR: 2.38;
95% CI: 1.16-4.88) and the predominance of intralobular consolidation/crazy paving (OR: 2.19; 95% CI: 1.104.35).
Multivariate model
Results of the multivariate model are indicated in Table 2. The extension of GGOs ≥50% on CT-scan performed at admission (Fig. 1) was the radiologic sign
the most strongly associated with poor outcome (OR:
3.52; 95% CI: 1.42-8.75). The predominance of intralobular consolidation/crazy paving (OR: 2.19; 95% CI:
0.91-5.28) (Fig. 2), vascular thickening (OR: 2.10; 95%
CI: 0.84-5.22) and at a lesser extent pleural thickening
(OR: 1.51; 95% CI: 0.55-4.13) (Fig. 3) were also associated with poor outcome (OR>1.50), albeit not reaching
clinical significance.
TABLE 2

Multivariate analysis

Variables

OR (95%CI)

p

Age ≥65 years

1.77 (0.84-3.74)

0.14

Men

2.38 (1.12-5.06)

0.024

Body mass index ≥25 kg/m2

2.08 (0.94-4.63)

0.07

Respiratory rate ≥22/minute

1.49 (0.70-3.19)

0.30

Oxygen saturation 92% or
need of oxygen therapy

2.95 (1.40-6.21)

0.044

C-reactive protein ≥5 mg/dL

0.99 (0.45-2.19)

0.98

Platelet count <100 x 109/L

4.34 (0.56-33.6)

0.15

109/L

Lymphocytes < 0.9 x

2.51 (1.17-5.38)

0.02

Extension of ground glass
opacities ≥50%

3.52 (1.42-8.75)

0.007

Pleural thickening

1.51 (0.55-4.13)

0.79

Vascular thickening
Predominance of intralobular
crazy paving
Presence of central lesions

2.10 (0.84-5.22)

0.11

2.19 (0.91-5.28)

0.08

1.01 (0.49 (2.08)

0.99
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FIGURE. 1. Axial CT image obtained without intravenous
contrast material in a 58-year-old man showing bilateral
ground-glass opacities in upper and lower lobes with a
peripheral distribution associated with subpleural curvilinear line (arrow).

FIGURE. 2. Axial CT image obtained without intravenous
contrast material in a 67-year old woman showing predominance of intralobular consolidation/crazy paving
associated with nodular condensation (arrow).

FIG. 3. Axial CT image obtained without intravenous contrast material in a 77 -year old man showing bilateral
ground-glass opacities with vascular thickening (arrow)
and extent pleural thickening (arrow head) associated
with bilateral ground-glass opacities and subpleural curvilinear line (white arrow head).
J Func Vent Pulm 2021;38(12):43-48
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DISCUSSION
In this study, we reported chest CT findings in patients at admission at hospital in traditional wards
for COVID-19. We found that clinical characteristics
at admission associated with poor outcome were age
over 65 years (58.0% ≥65 years vs. 43.9%), male sex
(68.1% vs. 52.3%), oxygen saturation < 92% or a
need of oxygen therapy at admission (52.2% vs.
25.2%). All these clinical characteristic are in accordance with previous reports [12,13]. Biological characteristics at admission associated with worse prognostic were C-reactive level >5 mg/dL (56.5% vs.
28.0%), and lymphopenia (49.3% vs. 26.5%), also in
accordance with results from previous cohorts [14–
16].
The prevalences of CT signs we observed were comparable to findings of studies conducted in other
countries [7,17–19]. Our results are in accordance with
the systematic review performed by Salehi et al. [18] of
919 patients, despite some interesting differences: we
found a higher prevalence of GGOs (94,5% vs 88%) and
a lower prevalence pulmonary consolidations (18% vs
31%). This discrepancy has also been observed in
other studies: In the series by Zhu et al. (32 patients),
GGOs were found in only 47% of patients [Chung et al.
reported >50% of 21 patients with GGOs without
consolidative opacities, 29% with GGOs in addition
to consolidative opacities at presentation and crazy
paving pattern in 19%, while we found a prevalence
of 27,9% for nodular parenchyma consolidation,
73,6% for intralobular crazy paving [20]. There are
two hypothesis to explain these discrepancies: CT
may be performed later in Chung and al study or
clinical status may be worse in present study.
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The extent of the lesions has already been correlated
with the severity of the infection in previous reports
[22]. Liu and al. showed that an increased in the number of involved lobes from the baseline are associated with poor prognosis [21]. Crazy paving pattern
corresponds to thickened inter lobular septa and intralobular lines with superimposition on a GGO
background, resembling irregular paving stones.
Based on previous pathological knowledge of severe
acute respiratory syndrome (SARS) and Middle East
Respiratory Syndrome (MERS), this sign may result
from alveolar edema and interstitial inflammation of
acute lung injury [5,23]. This may explain the association of crazy paving as predominant sign with poor
outcome in our cohort. An interesting CT finding was
the presence of enlarged subsegmental pulmonary
vessels in 72,1% of study participants, that was associated with poor outcome. Vascular thickening is often
described as the dilatation of pulmonary vessels
around and within the lesions on CT images. This
finding has been described by Zhao et al. in 71,3% of
COVID-19 pneumonia cases [12]. Bai et al. described
subsegmental vascular enlargement in 59% of the patients with COVID-19 pneumonia as compared with
22% of patients with non-viral pneumonia [20]. Ye et al.
suggested that vascular enlargement may be attributed
to the damage and swelling of the capillary wall
caused by proinflammatory factors [24].
According to Shi and al., in a study of 81 patients,
32% of them had pleural thickening while 5%
showed pleural effusion [25]. The impact of this sign
as a prognosis sign is debated: we found no association with poor outcome, in contrast with other cohorts [12,13].

In line with other studies, the predominant patterns
of abnormalities on CT for our patients were GGOs
(52,7%) with a peripheral distribution and bilateral,
multifocal lower lung involvement [2,3,16,18,21]. In our
study, extension of GGOs ≥50% was strongly associated with poor outcome (OR: 3.52; 95% CI: 1.42-8.75).

Pan and al. showed that CT findings change with the
disease course with preponderance of GGOs in early
disease, followed by the development of crazy paving and, finally, consolidation later in the disease
course. Crazy-paving pattern would be a manifestation as the disease course after GGO and before condensation [6]. Bernheim et al. showed also that lung
involvement gradually increased to consolidation up
to 2 weeks after disease onset [7] This may explain
why the prevalence of condensation was low (27,9%)
in our study. In our study, CT-scan were not repeated and disease course was variable at admission.
However the aim of our study was to identify Ct
patterns associated with poor outcome at admission,
whatever the duration of symptoms. In general, the
patients in our study were somewhat older (48,8% >65
years) with more men (57,7%) described in prior reports. Our study had several limitations. RT-PCRbased tests were used to confirm the infection status,
which may minimize the misclassification error.
Very few missing data were observed, and were
handled by multiple imputation.
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After adjustment for these clinical and biological
variables, we found that 4 CT signs at admission associated with a poor outcome: extension of GGOs
≥50% (OR: 3.52; 95% CI: 1.42-8.75), predominance of
intralobular consolidation/crazy paving (OR: 2.19;
95% CI: 0.91-5.28), vascular thickening (OR: 2.10;
95% CI: 0.84-5.22) and at a lesser extent pleural thickening (OR: 1.51; 95% CI: 0.55-4.13). This is concordant with results of Shayganfar and al. study [11]. Colombi and al use software for quantitative analysis in
the development of prognostic criteria; this analysis
requires the use of software external to the examination reading system and therefore seems incompatible with sustained clinical activity [9].
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The findings of the statistical tests should be interpreted with caution even though our cohort is relatively
large.
The size of ORs allow the conclusion of clinical significance for the association of predominance of intralobular crazy paving, vascular thickening and pleural
thickening with poor outcome, albeit statistical significance was not reached.

CONCLUSION
Extension of GGOs ≥50%, predominance of intralobular consolidation/crazy paving, vascular thickening and at a lesser extent pleural thickening are
independent markers of poor outcome in the setting
of patients admitted to traditional wards for COVID19 pneumonia.
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