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Abstract
Objectives Chest CT has been widely used to screen and to evaluate the severity of COVID-19 disease in the early stages of
infection without severe acute respiratory syndrome, but no prospective data are available to study the relationship between
extent of lung damage and short-term mortality. The objective was to evaluate association between standardized simple visual
lung damage CT score (vldCTs) at admission, which does not require any software, and 30-day mortality.
Methods In a single-center prospective cohort of COVID-19 patients included during 4 weeks, the presence and extent of ground
glass opacities(GGO), consolidation opacities, or both of them were visually assessed in each of the 5 lung lobes (score from 0 to
4 per lobe depending on the percentage and out of 20 per patient = vldCTs) after the first chest CT performed to detect COVID-19
pneumonia.
Results Among 210 confirmed COVID-19 patients, the number of survivors and non-survivors was 162 (77%) and 48 (23%),
respectively at 30 days. vldCTs was significantly higher in non-survivors, and the AUC of vldCTs to distinguish survivors and
non-survivors was 0.72 (95%CI 0.628–0.807, p < 0.001); the best cut-off vldCTs value was 7. During follow-up, significant
differences in discharges and 30-day mortality were observed between patients with vldCTs ≥ 7 versus vldCTs < 7: (98 [85.2%]
vs 49 [51.6%]; p < 0.001 and 36 [37.9%] vs 12 [12.4%]; p < 0.001, respectively. The 30-day mortality increased if vldCTs ≥ 7
(HR, 3.16 (1.50–6.43); p = 0.001), independent of age, respiratory rate and oxygen saturation levels, and comorbidities at
admission.
Conclusions By using chest CT in COVID-19 patients, extensive lung damage can be visually assessedwith a score related to 30-
day mortality independent of conventional risk factors of the disease.
Key Points
• In non-selected COVID-19 patients included prospectively during 4 weeks, the extent of ground glass opacities(GGO) and
consolidation opacities evaluated by a simple visual score was related to 30-day mortality independent of age, respiratory rate,
oxygen saturation levels, comorbidities, and hs-troponin I level at admission.

• This severity score should be incorporated into risk stratification algorithms and in structured chest CT reports requiring a
standardized reading by radiologists in case of COVID-19.
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Abbreviations
AUC Area under the receiver characteristic curve
BMI Body mass index
BNP Brain natriuretic protein
COPD Chronic obstructive pulmonary disease
COVID-19 COVID-19 disease
CT Computed tomography
GGO Ground glass opacities
HR Hazard ratio
hs-troponin I High-sensitive troponin I
ICC Interclass correlation
ICU Intensive care unit
NPV Negative predictive value
PAD peripheral artery disease
PPV Positive predictive value
SARS-CoV-2 Severe acute respiratory syndrome coronavi-

rus 2

Introduction

Coronavirus disease 2019 (COVID-19), caused by the novel
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), is a new infectious disease that has rapidly become
a pandemic. Low-dose computed tomography (CT) on admis-
sion has been widely used for screening of suspected COVID-
19 patients at the early stage of the infection in China [1, 2],
and some investigators have also shown in retrospective series
that consolidation opacities and/or bilateral patchy shadowing
was more frequently found in non-survivor COVID patients
as compared to survivors [3, 4], and the extent of lung damage
was more pronounced in more severe COVID-19 [5].
Different lung damage spread scores proposed in retrospec-
tives studies to be related to the severity of infection [6–11].
However, there is no study that has prospectively validated
these scores in independent and non-selected cohorts of severe
hospitalized COVID-19 patients but without SARS by using
short-term mortality as the final outcome reference and also
tested the independence of these scores with respect to con-
ventional clinical and/or biological severity factors.
Furthermore, from the beginning to the peak of the COVID-
19 outbreak now reached in many countries, there is still no
consensus about the way to standardize CT reading to better
stratify the risk of patients to help urgent decision-making and
triage of primary importance at hospital admission. When the
international Fleischner Society explored the application of
CT in patients suspected of COVID-19 at the end of
March 2020, the authors of that report [12] pointed out the
lack of objective data concerning the estimation of risk based
on lung damage observed on CT scan.

Thus, in a prospective cohort of confirmed COVID-19
hospitalized patients during the first 4 weeks of the outbreak
in Paris, the purpose of the present study was to define and to

evaluate the association between standardized simple visual
lung opacity CT scores at admission, which does not require
any software, and 30-day mortality and to compare such CT
score to other conventional risk factors of COVID-19 also
recorded at hospital admission.

Methods

Patient population

This was a prospective designed pilot cohort study in a single
center and no predefined number of subjects was therefore
planned. Thus, all consecutive adult patients ( ≥ 18 years)
hospitalized in our institution between March 13 and April
8, 2020 (Fig. 1), for at least 24 h with chest CT at admission
due to laboratory-confirmed COVID-19 were eligible (IRB
registration #00011928) and signed informed consents. The
study population was COVID-19 patients without SARS at
the time of admission by requiring hospitalization with oxy-
gen therapy and standard medical monitoring due to associat-
ed comorbidities. Primary (30-day mortality) and secondary
outcomes (30-day mortality or transfer to ICU, and recovery
as defined in Supplementary files) were monitored until
May 8, 2020, allowing a minimum of a 30-day follow-up
for all patients.

Chest CT characteristic and visual lung damage CT
score

All low-dose chest CTs were performed on the same multi-
row system (Somatom Definition Edge, Siemens) with a col-
limation of 128 × 0.6 mm (reconstruction in 1.5 mm in medi-
astinal setting and in 1 mm in lung setting), and a 280-ms
gantry rotation time. The chest CT scan was obtained in a
supine position from the lung apices to the bases in a single
breath-hold at maximum inspiration without ECG gating.
Tube voltage was selected (100–120 kVp) by an automated
tube voltage selection associated with 40–80 mAs, based on
body size.

In accordance with the Fleischner Society [13], and as pre-
viously described in recent articles [2, 14, 15] regarding chest
CT in COVID-19, in all patients, lung injuries were assessed
in each lung lobe for the presence of either GGO (hazy areas
of increased attenuation without obscuration of the underlying
vasculature) or consolidation (homogeneous opacification
with obscuration of the underlying vasculature) or both.
Other chest CT characteristics were assessed as follows: pres-
ence of ≥ 10-mm lymphadenopathy, nodules, pleural effusion,
and airway abnormalities. The axial distribution was classified
as central, peripheral, or mixed when lesions occurred at more
than 3 cm, less than 3 cm from the chest wall, or on either side,
respectively. The presence of underlying lung disease such as
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emphysema or fibrosis as well as linear opacities, opacities
with a rounded morphology or with a “crazy-paving” pattern,
and halo and reverse halo signs were also noted. Finally, to
define visual CT scores of the lung damages observed within
each lung lobe, CT images of all patients were assessed by
pairs of radiologists completed by a third independent reader
in case of discrepancy. Each of the 5 lung lobes was visually
assessed to determine the presence of GGO or consolidation
and degree of extension of either GGO areas alone or GGO
areas plus condensation opacity areas. Thus, each lung lobe
extent was classified as having 0, 1, 2, 3, or 4 score when
none, minimal (1–25%), mild (26–50%), moderate (51–
75%), or severe ( > 75%) were visually estimated, respective-
ly. The number of lung lobes involved per patient by GGO or
consolidation opacities was also estimated as a first visual CT
score to assess the extent of lung damage. According to the
presence of these CT features, patients were also classified as
having either low to moderate lung damage extent when 1 to 4
lobes were affected and as having high damage extent when
the 5 lobes were affected by either GGO or consolidation.
Finally, by summing the visual scores of the 5 lobes per pa-
tient, the total severity score was evaluated over a range from
0 to 20 by using consolidation areas alone or in association
with GGO areas. Examples of such visual score of both GGO
and consolidation obtained in 4 COVID-19 patients are shown
in Fig. 2.

In order to establish a so-called consensual reading, the
third independent radiologist, expert in cardiothoracic imag-
ing (A.H., E.M., or E.C. with 35, 32, and 7 years of experi-
ence, respectively), proceeded to examine all patients that they

had not already estimated at the first reading, when an inter-
pretation discrepancy was found between the two first readers
in at least one of the 5 lung lobes per patient. This consensus
reading was then used for the final analysis of the relationship
between the visual lung CT scores, 30-day mortality, and oth-
er outcomes. All radiologists involved in the present research
were blinded from all clinical data, biology, and initial chest
CT analysis carried out during patient management, and the
imaging data were only transmitted to our institution’s clinical
investigation center once the entire collection of imaging data
had been completed 2 weeks before the end of the follow-up.

Statistical analysis

Sensitivity, specificity, and area under the receiver character-
istic curve (AUC) of the best CT score were calculated to
predict 30-day mortality. Patient survival according to the
appropriate cut-off value of the best CT score was determined
using the log-rank test and displayed using the Kaplan-Meier
curves. The rates of all-cause mortality at 30 days were ana-
lyzed according to the number of affected lung lobes by either
GGO, consolidation, or both, and according to the visual lung
damage CT score. The impact of the best cut-off values of
lung damage CT score to distinguish survivors from non-
survivors has been further applied before evaluating all deter-
minants of primary and secondary outcomes by using univar-
iate and multivariate Cox proportional hazards regression
models after having eliminated non-significant variables of
univariate analysis (Supplementary files).

Fig. 1 Patient recruitment flowchart
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Results

Patient characteristics

As shown in the flow chart in Fig. 1, 210 COVID-19 patients
were included (mean age: 66 years ± 16). Baseline clinical
characteristics, comorbidities, and prior medications are pre-
sented in Table 1 and in Table E1 with more details. Dyspnea
in 146 patients (69.5%) was the most common symptom.
History of coronary artery disease, cerebrovascular disease,
COPD, and peripheral artery disease (PAD) was found in 17
(8.1%), 4 (1.9%), 15 (7.1%), and 10 (4.8%) patients, respec-
tively. At 30 days, the number of survivors and non-survivors
was 162 (77%) and 48 (23%), respectively. In the non-
survivor group, patients were older, with more COPD or can-
cer comorbidity but did not present more history of coronary
artery disease. With respect to the clinical presentation at ad-
mission, compared to survivor patients at 30 days, the more
frequent and significant features in non-survivor patients were
dyspnea, higher respiratory rate, and lower oxygen saturation.

Lung damage at CT and laboratory findings

The main laboratory and CT findings are presented in Table 1
with more details in supplementary Tables E1 and E2. There
was a significant increase in creatinine levels, in cardiac bio-
markers (i.e., BNP and high-sensitive troponin I levels), and in
inflammation biomarkers in non-survivors compared to
survivors.

The proportion of patients with bilateral pneumonia was
93.8% (197 patients), and with 5 lung lobes involved with
GGO, consolidation, or by either of them which were 136
(64.8%), 49 (23.3%), and 162 (77.1%), respectively. The
number of patients affected by consolidation alone in 5 lung
lobes was not significantly different between survivors and
non-survivors. Furthermore, a significantly higher number of
patients were found in the non-survivor group when either
GGO areas or GGO associated to consolidation was taken into
account in the estimation of lung damage (Table E2).
Additionally, the global severity score was significantly
higher in non-survivors compared to that in survivors when
the score was estimated by taking into account both GGO and

Fig. 2 Three Axial CT images and corresponding right and left sagittal
reformatted images in four different patients according to our visual CT
severity score. This score is assessed by visually adding GGO (arrows)

and consolidation (arrowheads) extent in each lobe/4 (0: 0%; 1: 1–24%;
2: 25–49%; 3: 50–74%; and 4: 75–100%) and the total score per patient is
over 20
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consolidation and not significantly different when only con-
solidation was taken into account. Pulmonary embolism was
detected in 5 patients, but contrast medium was injected dur-
ing CT in only 43 patients (20.5%), with no difference of
prevalence between the 2 groups. The presence of pleural
effusion and of peripheral distribution of lesions was more

frequent and the total CT severity score over 20 was higher
in non-survivors compared to that in survivors (9.5 ± 4.5 vs
6.3 ± 3.1; p < 0.001). As shown in Figure E1, the AUC of the
lung CT score with both GGO and consolidation was statisti-
cally significant in the classification of survivors and non-
survivors within 30 days (AUC 0.72; 95% CI 0.628–0.807,

Table 1 Baseline clinical, biological, and radiological characteristics of the population (n = 210)

Overall (n = 210) Survivors (n = 162) Non-survivors (n = 48) p value

Age, y 66 ± 16 63 ± 16 74 ± 15 < 0.001

Male 146 (69.5) 114 (70.4) 32 (66.7) 0.624

BMI, kg/m2 25.6 ± 5.1 26.6 ± 4.7 26.6 ± 6.4 0.973

Risk factors

Hypertension 96 (45.7) 70 (43.2) 26 (54.2) 0.181

Diabetes mellitus 47 (22.4) 37 (22.8) 10 (20.8) 0.770

Medical history

History of coronary artery disease 17 (8.1) 10 (6.2) 7 (14.6) 0.115

COPD 15 (7.1) 8 (4.9) 7 (14.6) 0.050

Cancer 41 (19.5) 23 (14.2) 18 (37.5) < 0.001

Prior medications

Aspirin 36 (17.1) 28 (17.2) 8 (16.7) 0.921

Oral anticoagulant 24 (11.4) 14 (8.6) 10 (20.8) 0.020

Statins 45 (21.4) 37 (22.8) 8 (16.7) 0.360

Beta blockers 44 (21) 31 (19.1) 13 (27.1) 0.235

ACE inhibitors or ARB 60 (28.6) 44 (27.2) 16 (33.3) 0.406

Diuretics 37 (17.6) 29 (17.9) 8 (16.7) 0.844

Clinical presentation

Respiration rate per min 22.3 ± 6.9 24.4 ± 6.1 25.3 ± 8.2 0.003

Oxygen saturation, % 92.2 ± 7.3 93.4 ± 4.4 87.9 ± 12.1 0.003

Dyspnea 146 (69.5) 106 (65.4) 40 (83.3) 0.018

Laboratory values, median [IQR] at base line

Creatinine, μg/dL 81.5 [66–110] 79.5 64.8–102.5] 101.5 [72.5–128.8] 0.006

D-dimer, μg/mL 1116.5 [687.5–1805.8] 1004 [631.5–1657.3] 1455 [834–2537.3] 0.004

C-reactive protein, mg/dL 98 [47.8–149.2] 91.1 [39.8–133.5] 123 [67–193.5] 0.009

Lymphocytes, ×106/L 910 [610–126] 970 [685–1265] 680 [440–1243] 0.007

Hemoglobin, g/dL 13.7 [12.5–14.7] 13.9 [12.8–14.9] 12.8 [11.3–14] < 0.001

High-sensitivity troponin I, ng/L 12.2 [6–27] 9.6 [5.2–19.9] 23.7 [15.9–69.2] < 0.001

Brain natriuretic peptide, ng/mL 48.5 [19.3–164] 36 [17.5–119] 106 [46–316] < 0.001

CT imaging findings

Days from illness onset to CT, median [IQR] 7 [4–9] 7 [5–9] 6 [3–8.8] 0.176

Presence of pleural effusions 17 (8.1) 8 (4.9) 9 (18.8) 0.005

Number of patients according to the number of lobes involved with GGO or consolidation

< 5 48 (22.8) 42 (25.9) 6 (12.5)

5 162 (77.1) 120 (74.1) 42 (87.5) 0.052

Total CT severity score/20 by adding GGO and consolidation 7 ± 3.7 6.3 ± 3.1 9.5 ± 4.5 < 0.001

Total CT severity score/20 with consolidation alone 3.7 ± 2.6 3.5 ± 2.3 4.3 ± 3.8 0.194

Footnotes: Values are expressed as mean ( ± standard deviation) or median [interquartile range] or number (percentage)

Abbreviations: COPD, chronic obstructive pulmonary disease; SD, standard deviation; BMI, body mass index; ACE, angiotensin-converting enzyme;
ARB, angiotensin receptor blockers; IQR, interquartile range; GGO, ground glass opacity. *Mixed distribution referred to peripheral and central lung
lesions
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p < 0.001). The best cut-off value of this CT score was 7
according to the Youden index leading to 75% (92–68) sen-
sitivity, 64% (72–55) specificity, and 38% (49–27) PPV and
90% (94–85) NPV.

Moreover, the inter-observer agreement for the CT
score was excellent when both consolidation and GGO
without differentiation were taken into account in the
assessment of lung opacity extension (ICC = 0.856; CI

Table 2 Clinical and biological characteristics and clinical outcomes of patients according to the lung severity CT score class < 7 or ≥ 7 which take into
account percentage of both GGO and consolidation in each lung lobe

Overall (n = 210) CT score < 7 (n = 115) CT score ≥ 7 (n = 95) p value

Age, y 66 ± 16 65.7 ± 16.3 65.4 ± 16.2 0.885

Male 146 (69.5) 79 (68.7) 67 (70.5) 0.774

BMI, kg/m2 25.6 ± 5.1 26.4 ± 4.4 26.8 ± 5.8 0.635

Clinical presentation at baseline

Respiratory rate, breaths/min 22.3 ± 6.9 20.3 ± 5.5 24.7 ± 7.5 < 0.001

Oxygen saturation, % 92.2 ± 7.3 94.4 ± 3.7 89.4 ± 9.4 < 0.001

Temperature, °C 38 ± 1 37.9 ± 0.9 37.9 ± 1.1 0.747

Prior medications

Aspirin 36 (17.1) 25 (21.7) 11 (11.6) 0.052

Oral anticoagulant 24 (11.4) 12 (10.4) 12 (12.6) 0.618

Statins 45 (21.4) 34 (29.6) 11 (11.6) 0.002

ACE inhibitors or ARB 60 (28.6) 37 (32.2) 23 (24.2) 0.204

Laboratory values, median [IQR] at baseline

Creatinine, μg/dL 81.5 [66–110] 82 [65–117] 81 [66–107] 0.677

D-dimer, μg/mL 1116.5 [687.5–1805.8] 861 [557.5–1165.5] 1347 [805.5–1935] 0.001

C-reactive protein, mg/dL 98 [47.8–149.2] 65 [28.2–112] 128.9 [77.5–196.1] < 0.001

Platelet count, ×109/L 189 [143.5–250] 172.5 [135.8–235.8] 207 [156–259] 0.023

Neutrophils, ×109/L 4.7 [3.2–4.7] 4.13 [2.8–6.1] 5.6 [3.8–8] < 0.001

Lymphocytes, ×106/L 910 [610–126] 1 [0.8–1.3] 0.7 [0.5–1.2] < 0.001

Hemoglobin, g/dL 13.7 [12.5–14.7] 13.7 [12.5–14.7] 13.7 [12.3–14.6] 0.813

High-sensitivity troponin I, ng/L 12.2 [6–27] 9.7 [5.1–22.3] 17 [8.1–30.9] 0.002

Brain natriuretic peptide, ng/mL 48.5 [19.3–164] 47 [17–161] 50 [24–189] 0.25

Patient triage

Time from symptom onset to admission
days, median [IQR]

7 [4–9] 6 [4–8] 8 [6–10] 0.005

Admission in ICU 72 (34.3) 24 (20.9) 48 (50.5) < 0.001

Treatment

Anticoagulant therapy

Preventive 130 (61.9) 77 (67) 53 (55.8) 0.140

Curative 74 (35.2) 32 (27.8) 42 (44.2) 0.011

Antiviral treatment 31 (14.8) 14 (12.2) 17 (17.9) 0.207

Clinical outcomes

Acute heart failure 18 (8.6) 7 (6.1) 11 (11.6) 0.157

Arrhythmia 18 (8.6) 10 (8.7) 8 (8.4) 0.944

Acute renal insufficiency (GFR<30mL/min) 41 (19.5) 16 (12.9) 25 (26.3) 0.024

Discharged 147 (70) 98 (85.2) 49 (51.6) < 0.001

Remained in hospital 15 (7.1) 5 (4.3) 10 (10.5) 0.084

Median length of hospital stay, days (ALL) 9 [5–16] 9 [5–13] 9 [5–22] 0.200

Median length of hospital stay, days (survivors) n = 162 9 [5–16] 9 [4–13] 11 [5–26] 0.022

Death at 30-day follow-up 48 (22.9) 12 (10.4) 36 (37.9) < 0.001

Footnotes: Values are expressed as mean (± standard deviation) or median [interquartile range] or number (percentage). Abbreviations: ACE,
angiotensin-converting enzyme; ARB, angiotensin receptor blockers; SD, standard deviation; GFR, glomerular filtration rate; BMI, body mass index;
IQR, interquartile range; ICU, intensive care unit
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95%: 0.815–0.888) and good when only consolidation
was taken into account in the score (ICC = 0.659; CI
95%:0.562–0.738).

Clinical presentation, treatment, and outcomes
according to lung damage CT score (Table 2)

The median time from symptom onset to the CT scan
was 7.0 (4–9) days and similar in non-survivors com-
pared to survivors; however, this time was 48 h longer
in the patient group with CT score ≥ 7 compared to the
other (p = 0.005). By comparing patients with CT score
≥ 7 and those with CT score < 7, age, sex ratio, BMI,
and temperature were the same when respiratory rate
was higher and oxygen saturation lower ( p < 0.001
for both). D-dimer, hs-troponin I, and BNP levels as
well as inflammation biomarkers and platelet and neu-
trophil counts were significantly higher when CT score
≥ 7.

During hospital management, 72 patients (34.3%) were
transferred to ICU, with significant difference between pa-
tients with CT score ≥ 7 and those with CT score < 7 (50.5
vs 20.9%; p < 0.001).

The duration of hospitalization was 9 days in both groups
when all patients in the cohort were considered, but when only
survivors were considered, this duration was 9 (4–13) and 11
(5–26) days (p = 0.022) for patients with severity score < and
≥ 7, respectively.

The only difference in curative anticoagulant therapy was
more frequent in case of extensive lung injuries (44.2 vs
27.8%, p = 0.011). Acute renal insufficiency occurred in 41
cases, 25 (26.3%) in case of CT score ≥ 7 compared to 16
(12.0%) when the score was < 7 (p = 0.024). Finally, during
follow-up, a total of 48 patients (22.9%) died, 147 patients
(70%) were discharged, and 15 (6.5%) remained hospitalized.
Discharges decreased (98 [85.2%] vs 49 [51.6%]; p < 0.001)
when 30-day mortality increased with the magnitude of visual
lung CT score (36 [37.9%] vs 12 [12.4%]; p < 0.001) for
patients with CT score ≥ 7 versus those with CT score < 7.
Between the two groups, the significant differences in Kaplan-
Meier event rate curves are illustrated in Fig. 3, for the survival
rate (p < 0.001) and for the secondary outcome combining
mortality and transfer in ICU before 30 days (p < 0.001).

Determinants of the primary (30-day mortality) and
secondary (30-day mortality or transfer in ICU) out-
comes in univariate and multivariate analysis
(Table 3)

After adjustment with other main determinants of 30-daymor-
tality, there was a significant increasing risk of death with
increased lung damage CT score ≥ 7 (HR, 3.16 (1.50–6.43);
p = 0.001) (Table 3). Other independent predictors of

mortality when lung CT score was added in the model were
age, respiratory rate (HR, 1.05 (1.01–1.11); p = 0.035), BNP
(HR, 1.05 (1.01–1.11); p = 0.049), and hemoglobin (HR, 0.78
(0.67–0.92), p = 0.002) levels. Other significant variables in
univariate analysis such as presence of cancer, C-reactive pro-
tein, creatinine, and hs-troponin levels at admission were not
any more significant in multivariate analysis when such deter-
minants were added in the final model shown in Table 3.
When we take into account the secondary outcome by associ-
ating mortality or the transfer to the ICU before 30 days
(Supplemental Table E3), the CT score obtained a significant
overexposure of risk in the multivariate analysis (HR, 2.60
(1.60–4.21); p < 0.001). Other significant predictors of such
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secondary outcome in univariate analysis, such as age, oxygen
saturation, creatinine, and C-reactive protein were non-
significant when lung CT score, were added in the model.
Only the respiratory rate was still significant (HR, 1.05
(1.01–1.11)).

Discussion

To the best of our knowledge, this is the first prospective
cohort study in non-selected hospitalized patients to report
and compare the relationship between visual score of lung
damage at CT at admission, short-term mortality, and recog-
nized predictors of COVID-19 mortality. By using CT at ad-
mission of hospitalized patients, we have shown here that a
visual global severity score significantly predicts either the 30-
day COVID-19 mortality or the composite event criterion as-
sociating the 30-day COVID-19 mortality and the transfer in

ICU, when percentages of both GGO and consolidation areas
were taken into account in the assessment through the 5 lung
lobes and not when only consolidation areas were taken into
account. COVID-19 patients with high extent of lung opaci-
ties had higher risk of death, independently of age, cardiovas-
cular risk factors including hypertension, diabetes, BMI,
smoking, and other cardiovascular or non-cardiovascular mor-
bidities. Notably, the presence of a visual lung CT score ≥ 7 at
admission was also associated with death independently of
respiratory rate and oxygen saturation levels which are among
the basic risk factors obtained during the initial clinical exam-
ination of these patients to evaluate the severity of the disease.
Likewise, the severity CT score was also related to 30-day
mortality independently of hs-troponin levels, creatinine
levels, and other inflammation biomarkers which have recent-
ly been shown [3, 15] to be significantly related to COVID-19
mortality. Furthermore, our study has also confirmed that in
the presence of a greater extent of lung damage, higher general

Table 3 Multivariate and univariate Cox regression analysis on mortality at 30-day models

Univariate analysis hazard ratio
(95% CI)

p value Multivariate analysis hazard ratio
(95% CI)

p value

Age, y 1.06 (1.02–1.07) < 0.001 1.05 (1.02–1.08) < 0.001

Cancer 3.13 (1.75–5.63) < 0.001 1.88 (0.96–3.70) 0.067

Respiratory rate 1.06 (1.03–1.10) 0.001 1.06 (1.01–1.11) 0.020

Oxygen saturation 0.96 (0.94–0.97) < 0.001 0.98 (0.96–1.01) 0.280

Creatinine 1.00 (1.00–1.01) 0.007 1.00 (1.00—1.01) 0.226

C-reactive protein 1.00 (1.00–1.01) 0.007 1.00 (1.00–1.01) 0.696

Brain natriuretic peptide 1.00(1.00–1.00) < 0.001 1.00 (1.00–1.00) 0.049

Hemoglobin 0.74 (0.65–0.84) < 0.001 0.80 (0.69–0.93) 0.004

CT severity score < 7/≥ 7 adding GGO and consolidation 4.33 (2.25–8.32) < 0.001 3.16 (1.50–6.43) 0.001

COPD 2.41 (1.08–5.36) 0.032

DBP 0.98 (0.96–1.00) 0.015

High-sensitivity Troponin I 1.00 (1.00–1.00) 0.034

Lymphocytes 1.03 (1.01–1.04) 0.008

Heart rate, bpm 0.98 (0.97–1.00) 0.039

Oral anticoagulant 2.34 (1.17–4.70) 0.017

Coronary artery disease 1.92 (0.86–4.29) 0.110

History of heart failure 1.64 (0.40–6.78) 0.492

Hypercholesterolemia 0.93 (0.49–1.75) 0.811

History of smoking 0.77 (0.39–1.50) 0.437

Days from illness onset to CT 0.99 (0.89–1.05) 0.891

D-dimer, μg/mL 1.00 (1.00–1.00) 0.299

Male 0.84 (0.46–1.53) 0.570

BMI 1.00 (0.94–1.07) 0.953

Statins 0.70 (0.327–1.494) 0.356

Aspirin 0.97 (0.45–2.06) 0.926

Diabetes mellitus 0.85 (0.42–1.71) 0.652

Hypertension 1.49 (0.85–2.63) 0.167

Footnotes: Hazard ratio (HR) is calculated with each per unit-increase. Abbreviations: CI, confidence interval; COPD, chronic obstructive pulmonary
disease; BMI, body mass index in kg/m2 ; DBP, diastolic blood pressure
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inflammation is observed and might be associated to higher
impact of the systemic infection/inflammation on the kidney
and heart (Table E2). This relation could be explained by the
presence of angiotensin-converting enzyme 2 (ACE2) cell en-
try receptor of SARS-CoV2 express on the epithelial cell of
the lung, heart, and kidney [16], and because viral elements in
endothelial cells have been found in these organs [17]. In
experimental models [18] now confirmed by human necropsy
studies, diffuse alveolar damagewith edema, hemorrhage, and
intra-alveolar fibrin deposition with extensive apoptosis in the
later proliferative phase of tissue repair is related to initial viral
load and associated with marked cytokine activation in the
first week of viral injection [19]. All this underlines the im-
portance of characterizing alveolar lesions and assessing their
extension at the initial phase of viral infection. Thanks to a
standardization of CT scan readings proposed by investigators
at the beginning of the COVID-19 epidemic, a rapid increase
in the prevalence and spread of GGO and condensation alve-
olar opacities have been observed in the first 12 days after the
onset of symptoms [2, 20]. Compared to retrospective Chinese
studies [2], COVID-19 was more severe in our study despite
the absence of SARS at inclusion and the prevalence of ex-
tensive lesion was much higher since we found 77.1% of
patients with 5 lung lobes affected by either GGO or consol-
idation versus 27%, and when using the same CT score in our
study, the mean lung severity score was 7 ± 3.7 instead of 3 ±
3. Other scores have been proposed in the literature with the
percentage of alveolar opacities extension strongly weighted
in case of consolidation for a given lobe [4]. Beyond the dif-
ficulty of visually differentiating between consolidation areas
and GGO areas, we found here that weighting by the exten-
sion of consolidation should not be very useful since we found
that the lung severity score associating consolidation and
GGO areas determined a higher risk than the score consider-
ing only consolidation areas (Table E2). To our knowledge,
our prospective study is the first to find in non-selected pa-
tients and without SARS at admission the high association
between severity of CT lesions and short-term mortality inde-
pendently of other commonly accepted risk factors. The mor-
tality at 1 month of the present study (22.8%) was very close
to the one previously reported in the “recovery study” [21] for
subjects not requiring assisted ventilation but the usual treat-
ment including simple nasal oxygen therapy without dexa-
methasone. Furthermore, to evaluate prognosis, the short-
term mortality seems to us as a more objective criterion than
a composite endpoint including mortality. Indeed, given the
magnitude of the epidemic from one location to another, at
near-peak the number of patients transferred to intensive care
and conversely sent home were more complex to analyze
because of the obvious lack of available space in many insti-
tutions, particularly regarding ICUs. However, based on rules
defined just before the epidemic and likely to be applied in our
institution to the management of hospitalized COVID-19

patients, we have also confirmed here that the proportion of
patients discharged was lower and that transfers to the ICUs
were greater when the lung severity CT score on admission
was ≥ 7. Furthermore, we have also shown that CT at admis-
sion in patients without SARS can accurately predict the man-
agement of patients during hospitalization since the CT score
of lung damage better than oxygen saturation and all other
biological biomarkers also obtained at admission was related
to the composite outcomes associating 30-day mortality or the
transfer in ICU (HR = 3.68; p < 0.001).

Study limitations

This is a monocentric cohort study on a relatively limited
number of hospitalized patients. It would also be of inter-
est to evaluate CT in a larger population of COVID-19
patients presenting different clinical severity, in particular,
early and less severe forms, in order to better analyze the
possibilities of triage of patients by CT prior to possible
hospitalization, notably in those not requiring immediate
hospitalization as in our study. Since the objective of the
study was to compare CT results to all other recognized
risk factors obtained at admission to predict the occur-
rence of SARS and short-term mortality, COVID-10 pa-
tients directly admitted in ICU were not included in the
present study. Thus, the additional value of CT in this
population remains to be demonstrated. Concerning the
subjective visual assessment of lung CT damage, it is
highly probable that automated analysis with [22, 23] or
without [9] the help of artificial intelligence methods to
quantify residual pulmonary functional zones based on
density of opacity and normal lung areas will be more
efficient to determine patient outcomes, as shown in a
recent study [19, 20], reporting the relationship of these
zones with a composite criterion associating mortality
and transfer to an intensive care unit. However, we
have confirmed here that a standardized simple visual
lung damage CT score, which does not require any
software, could be easily reproducible between different
radiologists.

In conclusion, our results have important clinical implica-
tions, by indicating that a simple visual score of lung alveolar
opacity detected by the chest CT performed at hospital admis-
sion was found to be an independent predictor of 30-day mor-
tality associated or not with the transfer in ICU as a composite
event criterion. Since such validation of lung damage estima-
tion was obtained in a prospective cohort of COVID-19 pa-
tients by a score also related to risk and severity of the disease
in previous independent studies [6–8], this score should be
incorporated into risk stratification algorithms and in struc-
tured chest CT reports requiring a standardized reading by
radiologists.
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