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Abstract: The 2019 coronavirus disease (COVID-19) pandemic is affecting millions of people world-
wide. Chest high-resolution computed tomography (HRCT) is commonly used as a diagnostic test

ﬁr,‘fﬂt?sr for suspected COVID-19; however, despite numerous attempts, there is no single scoring system that
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The number of segments with ground glass opacities (OR 1.18, 95% CI 1.11-1.26), number of segments
with linear opacities (OR 1.21, 95% CI 1.05-1.42), crazy paving patterns (OR 6, 95% CI 3.79-9.76), and
vascular ectasia in each segment (OR 2.46, 95% CI 1.1.5-5.8) were included in the score. The HRCT
score showed high discriminatory power (area under the ROC curve of 0.8267 [95% CI 0.8-0.85])
Academic Editor: Yoshiyasu Takefuji with 72.2% sensitivity, 86.6% specificity, 78% PPV, and 83% NPV for its best cut-off. In summary, the
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Hicensee MDPL Basel, Switzerland. The pandemic COVID-19 (coronavirus disease 2019), which began with the SARS-CoV-
2 (severe acute respiratory syndrome coronavirus 2) outbreak in Wuhan in December 2019,
has affected millions of people worldwide. Despite the declaration of the end of the global
Attribution (CC BY) license (https:/ / health emergency and the lower mortality rate, millions of people are still affected by SARS-
creativecommons.org/licenses,/by/ CoV-2 today, and rapid diagnosis remains of paramount importance [1]. The reference
10/). standard for COVID-19 diagnosis is the RT-PCR test, which may yield false-negative
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results in some cases or require repeat testing in highly suspicious and initially negative
cases [2]. Like other viruses, SARS-CoV-2 causes interstitial pneumonia, and high-resolution
computed tomography (HRCT) is the best imaging modality. Various scoring systems
have been proposed to assess the severity of SARS-CoV-2 pneumonia, including the chest
CT severity score, the chest CT score, the total severity score, the modified total severity
score, and the three-level chest severity score, showing high interobserver agreement and
accuracy [3]. Ground glass opacity (GGO), crazy paving pattern, consolidations, and
vascular enhancement are among the most common CT features in COVID-19, occurring
predominantly in the subpleural areas and affecting mainly the lower lungs in advanced
stages of the disease. This radiological pattern has been classified as typical of SARS-CoV-
2 pneumonia. However, although the chest CT is recognized as a crucial tool for early
diagnosis of the disease [4], few studies aimed to develop a quantitative assessment of
chest imaging to predict the likelihood of SARS-CoV-2 infection. Therefore, HRCT based on
qualitative assessment of the chest CT has proven to be a sensitive but moderately specific
test for the diagnosis of COVID-19 that is unable to distinguish SARS-CoV-2 from other
causes of pneumonia [5].

The aim of this study was to develop and validate a new HRCT score to estimate the
probability of SARS-CoV-2 pneumonia in patients suspected of having COVID-19.

2. Materials and Methods

We conducted this retrospective, monocentric cohort study in the emergency depart-
ment (ED) of a large, third-level hospital with >80,000 patients per year and >800 inpatient
beds, designated as a national reference center for critical care in the event of a pandemic.
All adult patients admitted between 1 March and 30 April 2020 with a clinical suspicion of
COVID-19 and who had both a chest HRCT, lung ultrasound (LUS), and nasopharyngeal
swab for RT-PCR testing for SARS-CoV-2 were included. This manuscript follows the
2015 STARD guidelines on reporting diagnostic accuracy studies [6] and the Transpar-
ent Reporting of a multivariable prediction model for Individual Prognosis Or Diagnosis
(TRIPOD) statement on transparent reporting of a multivariable predictive model for an
individual prognosis or diagnosis [7]. The present study was conducted in accordance with
the Declaration of Helsinki and approved by the local ethics committee.

2.1. HRCT

All HRCT examinations were performed in the radiology emergency department of
our hospital. Patients were examined in the supine position and during end-inspiration
using a 64-section scanner CT (Ingenuity Core CT; Philips Medical Systems, Cleveland, OH,
USA). The HRCT protocol included non-enhanced imaging of the chest (section thickness
2 mm). The HRCT protocol included an unenhanced image of the thorax (slice thickness,
2 mm; slice interval, 1 mm) acquired with a standard kernel and soft tissue window
(400 widths; 20 centers) and a reconstruction of the parenchyma (slice thickness, 1 mm;
slice interval, 0.5 mm) with a sharp kernel and lung window (1600 widths; 600 centers).
The technical parameters of the CT scan were as follows: tube voltage, 120 kV; tube current
modulation 120-250 mAs; spiral division factor, 0.609; matrix, 512 (mediastinal window);
and 1024 (lung window). The HRCT scans of all patients participating in the study were
reviewed in a blinded fashion with respect to the outcome of the RT-PCR test and the final
diagnosis. Each HRCT scan was randomly reviewed by five radiologists with 15-25 years
of experience and three residents with at least two years of experience. All investigators
analyzed each bronchopulmonary segment for each patient and looked for the following
parenchymal abnormalities according to the “Fleischner Society: Glossary of Terms for
Thoracic Imaging” unless otherwise stated [8]:
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- Ground glass opacity (GGO): area of cloudy, increased lung opacity with preservation
of bronchial and vascular margins (Figures 1 and 2);

- Consolidation: homogeneous increase in lung parenchymal opacity obscuring the
vascular margins and airway walls with an air bronchogram (pattern of air-filled
bronchi on a background of opaque airless lung) (Figure 3);

Figure 1. Axial image of HRCT of lungs in a 46-year-old male with PCR-confirmed COVID-19
pneumonia showing bilateral peripheral areas of ground glass opacities.
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Figure 2. Coronal image of HRCT of lungs in a 29-year-old male with PCR-confirmed COVID-19
pneumonia showing bilateral small, rounded, ground glass opacities.
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Figure 3. Axial image of HRCT of lungs in a 74-year-old woman with PCR-confirmed COVID-19
pneumonia showing bilateral areas of ground glass opacities and bilateral consolidations in dorsal
areas of lower lobes, with air bronchogram (red arrow).

- Consolidation without air bronchogram;

- Subpleural curvilinear line: thin, curved opacity 1-3 mm thick, less than 1 cm from
and parallel to the pleural surface (Figure 4);

- Crazy paving pattern: thickened interlobular septa and intralobular lines superim-
posed on a background of ground glass opacity (Figure 6);
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Figure 4. Axial image of HRCT of lungs in a 68-year-old man with PCR-confirmed COVID-19
pneumonia showing bilateral curvilinear subpleural opacity (red arrows).

- Tree in bud: centrilobular branching structures reflecting a spectrum of endo- and
peribronchiolar changes;

- Honeycombing: clustered cystic air spaces, typically with comparable diameters
in the order of 3-10 mm, subpleural and with well-defined walls, for example, in
fibrotic lung;

- Vascular enlargement sign: dilatation of pulmonary vessels around, within, or near a
parenchymatous change (Figure 5) [9];
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Figure 5. Axial image of HRCT of lungs in a 57-year-old man with PCR-confirmed COVID-19
pneumonia showing a dilated pulmonary vein within an area of parenchymal consolidation (red
arrow).

- Pulmonary nodule: roundish opacity up to 3 cm in diameter;

- Cavitation: gas-filled space within the pulmonary consolidation or nodule;

- Smooth interlobular septal thickening: a disease affecting one of the components of
the septa that may be responsible for the thickening, making the septa visible, e.g.,
pulmonary oedema;

- Pleural effusion;

- Mediastinal lymphadenopathy: presence of several lymph nodes with a diameter of
at least 10 mm [10].

The presence and number of lung abnormalities in each bronchopulmonary segment
were recorded in a database for statistical analysis and to create a formal scoring system.
All CT scans that did not show any of these signs were considered negative. If more than
one CT scan was performed in the same treatment episode, only the scan closest to the
ED recording was reviewed. A random 30% of the sample was used to develop the HRCT
score, and all the population was used to validate the score.
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Figure 6. Axial image of HRCT of lungs in a 69-year-old woman with PCR-confirmed COVID-19
pneumonia showing bilateral areas of ground glass opacities with superimposed thickening of
interlobular septa (crazy paving), particularly evident in the left upper lobe (red arrow).

2.2. Clinical and Laboratory Data

Clinical data at admission were retrospectively extracted from the hospital informatics
system and blinded to HRCT. According to the local SARS-CoV-2 diagnostic protocol,
the standard diagnosis was reverse transcription polymerase chain reaction (RT-PCR)
to detect SARS-CoV-2 RNA in the nasopharyngeal swab. In case of a negative smear
and a clinical high suspicion of COVID-19, the smear was repeated at least three times.
Patients with repeated negative smears, low clinical suspicion, and another underlying
cause of respiratory distress were classified as COVID-19-negative, and patients with high
suspicion of COVID-19 underwent alveolar broncolavage and serological examination
before being classified as negative. In case the specific agent was not determined, the
patient was identified as a non-specific pneumonia. For this study, COVID-19 diagnosis
was determined according to the final diagnosis of hospital discharge. All data were
retrospectively extracted from the patients” electronic medical records by an experienced
emergency medicine physician and four residents with at least 3 years of experience in the
emergency department.
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2.3. Statistical Evaluation

Normally distributed data are expressed as mean and standard deviation (SD) and
were compared using the t-test for independent samples. Non-normally distributed data
were reported as median and interquartile range (IQR) and compared using the Mann-—
Whitney U-test. Categorical data were reported as absolute numbers and percentages, and
Pearson’s chi-square test was used to compare categorical dependent variables between at
least two independent groups. Univariate analyses were performed to identify predictors of
SARS-CoV-2-positive smears. A random 30% of the sample was used to develop the HRCT
score, and all the population was used to validate the score. Predictors from univariate
analysis were included in the multivariate analysis to create a final model that included
only independent predictors. The final score was created by assigning a few points to
each item that corresponded to the odds ratios. Missing data that were not required to
calculate the score were replaced by a regressive multiple imputation analysis [11]. The
discriminatory ability of the score was tested using the receiver operator characteristic
(ROC) curve. The optimal threshold for best discrimination was determined using the
highest Youden index. The calibration of the developed model was assessed using the
Hosmer—Lemeshow test [12]. Analysis of the linear regression model of the score was
performed to check for multicollinearity via a variance inflation factor (VIF) assessment.
Statistical analyses were performed using SPSS v.25 (Apache Software Foundation, Chicago,
IL, USA) and MedCalc version 17.6 (MedCalc Statistical Software version 17.6 (MedCalc
Software Ltd., Ostend, Belgium).

3. Results

A total of 1153 patients were included in the study. Of these, 457 (39.6%) tested positive
for SARS-CoV-2. A nasopharyngeal swab was repeated at least once in 327 patients (28.36%
of total): once in 229 patients (70% of repeated swabs), twice in 63 patients (19.3% of cases),
and more than twice in 26 patients (7.9%). Finally, a positive nasopharyngeal swab for
SARS-CoV-2 was found in 58 of the 315 patients (18.4%). COVID-19 patients were younger
than those without COVID-19 (64.8 years versus 71.8 years, p < 0.001) and were more
likely to present with fever and cough in the ED. These patients had higher systolic blood
pressure, body temperature, and pH values; lower pCO2, pO2, and PF values; and lower
leukocyte, neutrophil, lymphocyte, and platelet counts than patients without COVID-19.
COVID-19 patients had significantly higher levels of interleukin 6 (IL-6), fibrinogen, lactate
dehydrogenase (LDH), and ferritin and a significantly higher rate of in-hospital death
(16.7% vs. 9.1%, p-value 0.001) (see Table 1). The percentage of patients with negative
HRCT was lower in those with confirmed SARS-CoV-2 infection (10% vs. 44.2%, p < 0.001);
89.9% of COVID-19 patients had at least one sign of lung disease, significantly higher
than non-COVID-19 patients (55.8% of cases, p < 0.001) (Table 2). Regarding radiological
signs, in COVID-19 patients HRCT showed GGOs in a higher percentage of cases (74.8 vs.
36.1, p < 0.001) and a higher number of lung segments with GGO (7.79 vs. 3.69, p < 0.001).
Linear consolidations, crazy paving pattern, honeycombing, and vascular ectasia were
significantly more common in these patients, while consolidations with and without air
bronchograms, tree-in-bud, edematous thickening of the interlobular septa, and pleural
effusions were more common in patients without SARS-CoV-2 infection. The number of
segments with GGO, the number of segments with linear consolidations, and the presence
of crazy patterns and/or vascular ectasia in each segment were identified as independent
predictors of SARS-CoV-2 in univariate and multivariate analysis. Therefore, they were
included in the final scores. The final HRCT score was calculated for all patients, as shown
in Table 3. The median HRCT score was 14.4, with a significantly higher value in patients
with SARS-CoV-2 (15.67 vs. 8.82 p-value < 0.001) (Table 2). Considering only patients
who underwent repeated swabs, those who tested positive for SARS-CoV-2 infection had a
significantly higher HRCT score (median 6.01 (IQR 0-11.81) versus 0 (IQR 0-3.54), p < 0.001).
The HRCT score had high accuracy for SARS-CoV-2 infection, with an AUROC score of 0.83
(95% CI 0.8-0.86) (see Figure 7). The best cut-off was determined to be an HRCT score > 4,
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with 72.2% sensitivity (95% CI 67.9-76.3), 86.6% specificity (95% CI 83.9-89.1), 78% PPV
(95% CI1 73.8-81.9), and 83% NPV (95% CI79.7-85.3). HRCT score of 0 had a sensitivity of
80% (95% C176.1-83.6) and a negative likelihood ratio of 0.26 (95% CI 0.2-0.3), while HRCT
score > 10 had a specificity of 95.74 (95% CI 94-97.1) and a positive likelihood ratio of 9.17
(95% CI 8.2-10.3) (Table 4). In the linear regression model analysis, each item included in
the HRCT score had a variance inflation factor (VIF) of <1.12, excluding multicollinearity.

Table 1. Characteristics of included patients.

Patients Included, SARS-CoV-2-Negative, SARS-CoV-2-Positive,
1153 696 (60.4%) 457 (39.6%) p-Value

Age, years, media (SD) 67.06 (18.35) 71.8 (17.4) 64.83 (11) <0.001

Male, N (%) 649 (56.3) 379 (54.5) 270 (59.2) 0.11
Fever, N (%) 764 (66.9) 389 (56.6) 375 (82.8) <0.001
Cough, N (%) 429 (37.6) 211 (30.7) 218 (48.1) <0.001

Dyspnea, N (%) 423 (37.2) 252 (36.6) 173 (38.1) 0.8

Diarrhea, N (%) 143 (12.5) 88 (12.8) 55 (12.1) 0.53

HR, ppm, media (SD) 93.38 (18.8) 91 (20) 95 (16) 0.35

RR, app, media (SD) 19.55 (7.2) 18.44 (7) 20.44 (4.5) 0.26
SBP, mmHg, media (SD) 128.1 (24) 131 (27) 124 (18) <0.001

DBP, mmHg, media (SD) 74.71 (13.9) 75 (14) 74.4 (10) 0.12
Body temperature in C, median (IQR) 36.87 (1) 36.47 (1) 37.23 (2) <0.001
pH, median (IQR) 7.47 (0.07) 7.44 (0) 7.49 (0) <0.001
pCO2, mmHg, median (IQR) 35.5(8) 36.5(9) 33 (6) <0.001
pO2, mmHg, median (IQR) 65 (21) 72 (22) 63 (19) <0.001
502, %,median (IQR) 96 (3) 97 (3) 94.8 (3) <0.001
P/F ratio, media (SD) 302.5 (89) 307 (108) 295 (66) <0.001
Leukocytes, N/mL, median (IQR) 8.34 (6) 9.56 (9.6) 6.59 (4) <0.001
Neutrophils, N/mL, median (IQR) 6.21 (5) 8.89 (10) 5.36 (4) <0.001
Lymphocytes, N/mL, median (IQR) 1.23 (1) 1.64 (1.48) 0.87 (0.51) <0.001
Eosinophils, N/mL, median (IQR) 0.02 (0) 0.025 (0.14) 0.0 (0.1) <0.001
Platelets, * 1000/mL, median (IQR) 223 (106) 221 (139) 236 (59) <0.001

IL-6, ng/dL, median (IQR) 36 (57) 28 (92) 40 (51) 0.04
Fibrinogen, mg/dL, median (SD) 497 (148) 440 (165) 486 (129) 0.005
LDH, mg/dL, median (IQR) 263 (208) 206 (102) 262 (141) <0.001

C-reactive protein, mg/mL, median (SD) 11 (14) 10.5 (8.23) 12.25(7.31) 0.22
Ferritins, mg/mL median (IQR) 252 (338) 129 (224) 334 (534) <0.001

Procalcitonin, ng/mL, median (IQR) 0,1(0) 0.1 (0) 0.1 (0) 0.08

d-Dimer, FEU/mL median (IQR) 0.87 (1) 0.99 (3) 0.81(1) 0.35
No in-hospital therapy amongst selected, N (%) 138 (12.8) 129 (20.2) 9(2.1) <0.001
Hydroxychloroquine, N (%) 540 (50.7) 161 (25.6) 379 (86.9) <0.001
Antibiotic, N (%) 786 (73.8) 396 (63) 390 (89.4) <0.001
Tocilizumab, N (%) 96 (9.1) 8(1.3) 88 (20.5) <0.001
Antivirals, N (%) 61 (5.8) 15 (2.4) 46 (10.8) <0.001
Cortisone, N (%) 272 (26.1) 102 (16.5) 170 (40.3) <0.001
LMWH, N (%) 602 (58.4) 274 (45.1) 328 (77.9) <0.001
In-hospital dead patients, N (%) 130 (12.1) 60 (9.1) 70 (16.7) <0.001

Note: *: best cut-off.
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Table 2. HRCT characteristics of included patients.

Patients Included, ;ﬁ;st;\?:‘g-;g SARS-CoV-2-Positive, p-Value
1153 (60.4%) 457 (39.6%)
Negative HRCT, N (%) 357 (30.9) 306 (44.2) 46 (10.1) <0.001
Positive for any sign HRCT, N (%) 796 (69.1) 387 (55.8) 409 (89.9) < 0.001
HRCT score, median (SD) 14.41 (5.34) 8.82 (4.68) 15.67 (4.66) <0.001
GGO, N (%) 446 (56) 140 (36.1) 306 (74.8) <0.001
Number of segments with GGO,
median (SD) 7.04 (3.7) 3.69 (2.1) 7.79 (3.57) <0.001
Consolidations with air
bronchogram, N (%) 261 (32.8) 154 (39.8) 107 (26.2) <0.001
Consolidations without air
bronchogram, N (%) 219 (27.5) 121 (31.3) 98 (24) 0.031
Linear consolidations, N (%) 106 (13.4) 33 (8.5) 73 (17.9) <0.001
Number of segment with linear
consolidations, median (SD) 3.28 (1.93) 2 (1.9) 3.46 (1.85) 0.032
Solitary nodules, N (%) 106 (13.4) 27 (3.6) 20 (4.4) 0.277
Crazy paving, N (%) 196 (24.7) 35(9.1) 161 (39.4) <0.001
Tree in bud, N (%) 69 (8.7) 59 (15.3) 10 (2.5) <0.001
Honeycombing, N (%) 20 (2.5) 16 (4.2) 4 (1) 0.004
Vascular ectasia, N (%) 70 (11.3) 9(2.9) 61 (19.4) <0.001
Cavitation, N (%) 2(0.3) 2 (0.6) 0(0) 0.164
Edematous thickening of the
interlobular septa, right lung, N (%) 52(83) 45 (14.5) 7@2) <0.001
Edematous thickening of the
interlobular septa, left lung, N (%) 54(87) 47(15.2) 7(22) <0.001
Focal heteroplastic lesions, N (%) 16 (2.6) 14 (4.5) 2 (0.6) 0.003
Lymphadenopathy, N (%) 75 (12) 44 (14.2) 31(9.9) 0.19
Pleural effusion, right lung, N (%) 138 (22.2) 110 (35.5) 28 (8.9) <0.001
Pleural effusion, left lung, N (%) 135 (21.7) 104 (33.7) 31(9.9) <0.001
Table 3. HRCT score calculator.
Point Total

Number of segments with GGO

1 point per segment

Number of segments with linear consolidations

1 point per segment

Presence of crazy paving in any segment

6 points

Presence of vascular ectasia in any segment

2.5 points

HRCT score, total:
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Figure 7. AUROC of the HRCT score. AUROC = 0.826, 95% CI 0.8-0.86.
Table 4. Diagnostic accuracy of the HRCT score.
HRCT Score Sensitivity 95% CI Specificity 95% CI +LR 95% CI -LR 95% CI
>0 80.09 76.1-83.7 74.71 71.3-77.9 3.17 3-34 0.27 0.2-0.3
>4% 722 67.9-76.3 86.6 83.9-89.1 5.74 54-6.1 0.36 0.3-0.5
>10 38.95 34.5-43.6 95.4 93.6-96.8 8.47 7.59.5 0.64 0.5-0.9
>15 20.35 16.8-24.3 98.13 96.8-99 10.9 9.1-13.1 0.81 0.5-1.4

Note: *: best cut-off.

4. Discussion

Even in the early stages of the COVID-19 pandemic, it quickly became clear that timely
detection of the disease is of paramount importance for individual treatment and public
health. In the context of this epidemiological storm, which has put enormous pressure on
health facilities worldwide, HRCT of the chest has played a central role in the diagnosis
of COVID-19 mainly because of its greater availability than the standard RT-PCR test and
the large amount of information it can provide about the condition of the lungs. Early
reports also attested to HRCT’s higher sensitivity for COVID-19 pneumonia and its ability
to anticipate the diagnosis at presentation compared to the RT-PCR test [13-15].

However, at the onset of the pandemic, most radiological societies discouraged the use
of CT in the initial evaluation of patients with suspected pneumonia [16], recommending
that it should be limited to patients with moderate-to-severe clinical features and a high
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pretest probability [17,18]. In contrast to its diagnostic efficacy, HRCT has several disadvan-
tages, including its inhomogeneous distribution in different facilities, the use of ionizing
radiation, the additional staff required to mobilize and clean patients, the risk of queue
formation in crowded facilities (e.g., emergency departments), and last but not least the
commonality of some features of COVID-19 with other viral pneumonias or non-infectious
etiologies [19-22].

According to the results of this study, the number of segments with GGO, the number
of segments with linear consolidations, the presence of a crazy paving pattern in a segment,
and the presence of vascular ectasia in a segment correlate independently with the diagnosis
of COVID-19. The resulting HRCT score (1 point for each segment with GGO, 1 point for
each segment with linear consolidation, 6 points for the presence of crazy paving patterns,
and 2.5 points for the presence of vascular ectasia) showed high accuracy in predicting
COVID-19, with an AUROC value of 0.826 (95% CI 0.8-0.86). While an HRCT score of 0 has
low sensitivity and cannot be used to rule out SARS-CoV-2 infection, an HRCT score > 10 is
highly specific for COVID-19, with a +LR of 11 for HRCT score > 15 almost confirming
the diagnosis of COVID-19. This confirms that imaging techniques are not able to rule out
SARS-CoV-2 infection and, due to their limited sensitivity in asymptomatic patients, are
of limited use in determining whether a patient at risk of infection should be isolated [23].
A few studies [13,15] have directly compared the results of chest examination CT with
RT-PCR as a reference and found that CT has a high sensitivity (97% to 98%) but a low-to-
moderate specificity (25% to 56%) and an accuracy of 68-72% for the diagnosis of COVID-19
pneumonia, with a positive predictive value (PPV) and negative predictive value (NPV)
of 65% and 83%, respectively [1]. A 2021, Cochrane meta-analysis on COVID-19-related
imaging gave a pooled sensitivity of 87.9 (95% CI 84.6 to 90.6) and a pooled specificity
of 80% (95% CI 74.9 to 84.3) for chest CT [5], which is not significantly different from the
results of Khatami et al., who reported an overall sensitivity, specificity, positive predictive
value, and negative predictive value of CT compared with RT-PCR of 87% (95% CI 85-90%),
46% (95% CI 29-63%), 69% (95% CI 56-72%), and 89% (95% CI 82-96%), respectively [23].
An increase in CT specificity has also been achieved by combining two or more statistically
significant CT signs (up to 99% for GGOs with crazy patches and bilateral distribution) [24]
or by using formal scoring systems and standardized assessments [16,25,26].

In most published studies [27,28], HCRTs are considered positive depending on the
presence of some signs considered typical of SARS-CoV-2 pneumonia, such as GGOs,
crazy paving, multifocal organizing pneumonia with peripheral distribution, and predom-
inant lower-lobe involvement, especially in advanced disease. The radiological pattern
of pulmonary abnormalities is dynamic and variable in relation to the stage of pneumo-
nia [4,29,30], making it difficult to establish a definite relationship between each radiological
configuration and the diagnosis of the disease. Several studies have proposed scores based
on semi-quantitative or qualitative assessments of HRCT changes in patients with suspected
COVID-19 pneumonia, aimed at the diagnosis or staging of the disease [4,29-31].

In March 2020, the Radiological Society of North America (RSNA) launched an ini-
tiative to standardize COVID-19 reporting [16]. The British Society of Thoracic Imaging
(BSTI) proposed a similar initiative but also added a descriptor for disease severity that
differentiates between mild and moderate/severe disease, although these efforts are not
based on evidence of patient outcomes [32]. The COVID-19 Reporting and Data System
(CO-RADS) is another initiative to standardize HRCT reading and reporting, which was
published in mid-March 2020 [25] and developed on the CTs of 105 suspected COVID-19 pa-
tients, demonstrating high accuracy (AUROC 0.91, 95% CI 0.85-0.97) but low interobserver
agreement (Fleiss” kappa 0.47, 95% CI 0.45-0.47). Moreover, while all these efforts have the
merit of attempting to standardize the approach to CT images suggestive of COVID-19
in the early stages of the pandemic, they are based on a qualitative assessment of images
that are considered typical without any measurable objective assessment. According to
the results of this study, the number of segments with GGO, the number of segments
with linear consolidations, and the presence of crazy paving and vascular ectasia in each
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segment were independent predictors of COVID-19 and were included in a five-level
HRCT score. Both ground glass opacity and crazy paving are commonly associated with
various diseases [33], the latter with ARDS, tumors, lymphangitis carcinomatosis, radia-
tion pneumonitis, sarcoidosis, alveolar proteinosis, graft-versus-host disease, and rarely
with acute pulmonary oedema, bacterial, fungal, and viral pneumonia [34], all having a
low prevalence in the general population. Therefore, knowledge of the prevalence of the
diseases in the population, together with correct clinical suspicion, can help to make these
signs more specific. Previous studies have shown that the presence of bilateral bronchial
wall thickening, crazy paving, linear consolidations and GGO can predict a severe form of
COVID-19 [35]. In addition, several scores have been proposed to predict the severity of
COVID-19, which have high accuracy [3,25,36]. However, to the best of our knowledge,
few scores have been developed specifically for assessing the likelihood of SARS-CoV-2 in-
fection. In this light, the role of artificial intelligence (Al) promises to be of paramount
importance. Despite the need for a further, proper development and clinical evaluation of
Al before its use in clinical practice, Al has demonstrated not only to be able to predict the
risk of deterioration to critical illness based on CT images and clinical data [37] but also
to predict the likelihood of COVID-19 based on the CO-RADS-standardized CT scoring
systems with high accuracy [38] comparable to the results of HRCT score.

The HRCT score gives one point for each segment with GGOs and one point for each
segment with linear consolidation. The extent of these pathological signs in the lung is
considered more significant than their detection without adequate quantification due to
their low specificity. The HRCT score ranged from 0 to 32.5 points, with 0 representing no
abnormalities and 32.5 representing GGOs and linear consolidation in all lung segments,
crazy paving, and vascular abnormalities (see Table 3), being able to combine the extent of
lung involvement, a significant predictor of COVID-19, and the presence of specific lung
abnormalities in a single score [37,38].

This score provides a clear and standardized method for describing and measuring
pulmonary involvement based on significant abnormalities. It objectively assesses lung
involvement in COVID-19 and is quick, easy to use, and suitable for better integration of
HRCT into the diagnostic pathway of COVID-19 pneumonia in the emergency department.

Limitation

This study has some limitations. First, it was monocentric, which may have affected
the diagnostic accuracy of HRCT and sensitivity of detection methods for SARS-CoV-
2 infection. Second, each HRCT was retrospectively evaluated individually by radiologists,
and inter-rater variability was not calculated using the score. Third, we included only
patients admitted to the emergency department during the first wave of the pandemic,
whereas protection by vaccination and the emergence of new viral variants may alter the
radiological aspects of SARS-CoV-2 infection [39]. Fourth, we did not report the prognostic
accuracy of the score in terms of the risk of clinical deterioration and mortality, which could
also be influenced by the high impact of newly developed therapies and vaccinations [40].
In addition, we did not calculate the formal sample size because there are no generally
accepted methods for estimating the sample size in risk-prediction models. According to
the recommended “rule of ten events per predictor” in multivariable logistic regression
analysis, this study contains many more events than required for the four-point model
developed [41].

5. Conclusions

The SARS-CoV-2 infection has put pressure on health systems worldwide. In recent
years, the approach to the disease in terms of prevention, diagnosis, and treatment has
completely changed; however, there are still many areas in which we can improve our
knowledge. The extensive use of chest CT has provided valuable insight to the diagnosis
and prognosis of COVID-19. Despite the limited specificity of an individual radiological
sign, the HRCT score has demonstrated a high level of diagnostic accuracy for COVID-19.
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This score incorporates the most predictive radiological signs and their distribution into a
single, straightforward, quantitative measure. It has been found to significantly impact the
post-test probability of SARS-CoV-2 infection in a large cohort of patients with suspected
COVID-19 who were enrolled in the emergency department.
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