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Abstract

Introduction COVID-19 pneumonia is characterized by ground-glass opacities (GGOs) and consolidations on Chest CT,
although these CT features cannot be considered specific, at least on a qualitative analysis. The aim is to evaluate if Quantita-
tive Chest CT could provide reliable information in discriminating COVID-19 from non-COVID-19 patients.

Materials and methods From March 31, 2020 until April 18, 2020, patients with Chest CT suggestive for interstitial pneu-
monia were retrospectively enrolled and divided into two groups based on positive/negative COVID-19 RT-PCR results.
Patients with pulmonary resection and/or CT motion artifacts were excluded. Quantitative Chest CT analysis was performed
with a dedicated software that provides total lung volume, healthy parenchyma, GGOs, consolidations and fibrotic alterations,
expressed both in liters and percentage. Two radiologists in consensus revised software analysis and adjusted areas of lung
impairment in case of non-adequate segmentation. Data obtained were compared between COVID-19 and non-COVID-19
patients and p <0.05 were considered statistically significant. Performance of statistically significant parameters was tested
by ROC curve analysis.

Results Final population enrolled included 190 patients: 136 COVID-19 patients (87 male, 49 female, mean age 66+ 16)
and 54 non-COVID-19 patients (25 male, 29 female, mean age 63 + 15). Lung quantification in liters showed significant dif-
ferences between COVID-19 and non-COVID-19 patients for GGOs (0.55+0.26L vs 0.43 +0.23L, p =0.0005) and fibrotic
alterations (0.05+0.03 L vs 0.04 +0.03 L, p <0.0001). ROC analysis of GGOs and fibrotic alterations showed an area under
the curve of 0.661 (cutoff 0.39 L, 68% sensitivity and 59% specificity, p <0.001) and 0.698 (cutoff 0.02 L, 86% sensitivity
and 44% specificity, p <0.001), respectively.

Conclusions Quantification of GGOs and fibrotic alterations on Chest CT could be able to identify patients with COVID-19.

Keywords COVID-19 - Chest CT - Quantitative Chest CT analysis - Interstitial pneumonia

P< Andrea Laghi Carlotta Rucci

andrea.laghi @uniromal..it

Damiano Caruso
damiano.caruso@uniromal .it

Michela Polici
michela.polici@uniromal.it

Marta Zerunian
marta.zerunian @uniromal .it

Francesco Pucciarelli
francesco.pucciarelli@uniromal..it

Tiziano Polidori
tiziano.polidori @uniromal..it

Gisella Guido
gisella.guido@uniromal.it

carlotta.rucci@uniromal.it

Benedetta Bracci
benedetta.bracci @uniromal..it

Emanuele Muscogiuri
emanuele.muscogiuri @uniromal..it

Chiara De Dominicis
dedominicischiara.1 @gmail.com

Department of Surgical and Medical Sciences

and Translational Medicine, Sapienza University of Rome-
Sant’Andrea University Hospital, Via di Grottarossa,
1035-1039, 00189 Rome, Italy

@ Springer


http://orcid.org/0000-0002-3091-7819
http://crossmark.crossref.org/dialog/?doi=10.1007/s11547-020-01291-y&domain=pdf

244

La radiologia medica (2021) 126:243-249

Abbreviations
SARS-CoV-2 Severe Acute Respiratory Syndrome
Coronavirus 2

COVID-19 Coronavirus Disease 2019

RT-PCR Reverse transcription polymerase chain
reaction

GGOs Ground-glass opacities

CRP C-reactive protein

LDH Lactate dehydrogenase

Introduction

From the last months of 2019 the novel coronavirus, severe
acute respiratory syndrome Coronavirus 2 (SARS-CoV-2)
[1], has led a pandemic diffusion all over the World [2] and
the disease associated was named Coronavirus Disease 2019
(COVID-19) [3]. Guidelines recommend an upper respira-
tory specimen that should be tested with next-generation
sequencing or real-time reverse transcription polymerase
chain reaction (RT-PCR) methods for diagnosis of COVID-
19 [4], but the early diagnosis is affected by low sensitiv-
ity (60-71%) [5, 6] of the test, due to errors in laboratory
work or sample collection [7]; moreover, RT-PCR is not
universally available, especially in countries with limited
resources.

CT was demonstrated to have a pivotal role in the
COVID-19 pandemic thanks to a sensitivity of 97% [8], and
might be helpful in the management [9] and follow-up of
COVID-19 patients [10]; however, due to the low specificity,
false positive patients were encountered in clinical practice
leaving CT unreliable for the diagnosis [11, 12]. A recent
consensus statement from the Fleischner Society pointed
out as imaging is indicated for medical triage of suspected
COVID-19 patients presenting moderate-severe clinical fea-
tures and a high pre-test probability of disease [13].

Recently, severity lung scores [14, 15] were proposed
from a visual and qualitative evaluation of CT features, but
several limitations were reported (i.e., subjectivity, lack of
standardization and reproducibility) based on radiologist’s
experience [16, 17].

Quantitative Chest CT analysis has the ability to provide
quantitative and objective assessment of the healthy lungs,
consolidations and ground-glass opacities (GGOs) neces-
sary to quantify the disease burden [17, 18]. In addition, a
quantitative analysis could provide relevant information on
the progression of the disease and the response to therapy
in the follow-up examinations.

During the pandemic, GGOs and consolidations were
frequently observed; nevertheless, these CT features were
not specific for COVID-19. Thus, the aim of our study was
to evaluate if Quantitative Chest CT could provide reliable
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information in discriminating RT-PCR COVID-19 from
non-COVID-19 patients.

Materials and methods
Patient population

This retrospective study was approved by our local insti-
tutional review board (IRB) and written informed consent
was obtained from all patients or in case of inability from
their relatives or the admitting physicians. Patients admit-
ted at the Emergency Department of Sant’Andrea Hospital
in Rome from March 31, 2020 until April 18, 2020 were
retrospectively included in the study.

Inclusion criteria were (a) diagnosis of interstitial pneu-
monia on Chest CT and (b) availability of RT-PCR results
for COVID-19. Patients with history of lung malignancy
who required pulmonary resection and oncohaematologic
patients were excluded from the analysis. Image datasets
affected by severe respiratory artifacts in whom the software
was unable to process the data were also excluded.

Based on RT-PCR results, our population was divided in
COVID-19 and non-COVID-19.

Clinical data

According to the hospital internal protocol, at the time of
admission suspected COVID-19 patients presenting mod-
erate-severe clinical features and a high pre-test probabil-
ity of disease (fever defined as>37.5 °C and respiratory
symptoms or direct contact with a confirmed COVID-19
patient) underwent nasopharyngeal and oropharyngeal
swabs for SARS-CoV-2. Every patient was tested with two
nasopharyngeal and oropharyngeal swabs, the first swab at
the entrance and the second after 24 h. The positivity to
SARS-CoV-2 was obtained with RT-PCR (Charite, Berlin,
Germany) [19], whereas patients were considered SARS-
CoV-2 negative after two consecutive negative RT-PCR
results. Demographic data and laboratory results were also
collected.

CT acquisition technique

After the first swab, all suspected COVID-19 patients under-
went Chest CT to evaluate the presence of interstitial pneu-
monia. Chest CT was acquired without contrast medium
and in supine position during end-inspiration. Each patient
was studied using a COVID-19 dedicated 128-slice CT (GE
Revolution EVO 64 Slice CT Scanner, GE Medical Sys-
tems, Milwaukee, WI, USA). CT scan technical parameters:
tube voltage: 120 kV; tube current modulation: 100-250
mAs; spiral pitch factor: 0.98; collimation width: 0.625.
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Reconstruction images were performed with convolution
kernel BONEPLUS at a slice thickness of 1.25 mm. After
completion of the CT examination the decontamination
of the room was made for every patient, it was performed
throughout passive air exchange and disinfecting the sur-
faces with 0.1% sodium hypochlorite or 62-71% ethanol.

Quantitative Chest CT analysis

Two radiologists in consensus (MZ and FP with 5 and
4 years of experience), blinded to clinical data and RT-PCR
results, performed Quantitative Chest CT analysis by using
a dedicated software (Thoracic VCAR v13.1, GE). Before
segmentation, attenuation value < — 1000 HU was used to
exclude trachea air from the analysis. Quantification was
performed on naive acquisition using a lung window with
a width of 1500 HU and a level of —600 HU. The software
automatically calculated the following parameters: healthy
parenchyma, GGOs, consolidation, fibrotic alterations
(including fibrotic stripes and subpleural lines) using an
adaptive mean based on grayscale, expressed both in liters
and percentages, whereas the total lung volume was reported
in liters. Vessel was automatically selected and delated. In
case of non-adequate automatic segmentation, readers were
free to adjust the area of lung impairment segmented by the
software.

Statistical analysis

Statistical analysis was performed using MedCalc Statistical
Software version 17.9.7 (MedCalc Software bvba, Ostend,
Belgium), and p values <0.05 were considered statistically
significant. All data are expressed as mean + standard devia-
tion (SD). To compare the two group of COVID-19 and non-
COVID-19 patients, Kolmogorov—Smirnov test was used to
assess data distribution. In case of Gaussian distribution,
data were tested with Student’s ¢ test, while Wilcoxon test
was applied for non-Gaussian distributed data. Receiver
operating characteristic (ROC) curves and Area under the
curve (AUC) were calculated for predicting the performance
of the quantitative analysis. Results are provided both in lit-
ers and percentages.

Results
Patient population and clinical data

Two-hundred and sixteen patients met the inclusion criteria,
whereas 26 patients were excluded because of image arte-
facts. Thus, our final population comprised 190 patients:
136 COVID-19 patients (87 males and 49 females, mean

age 66 + 16 years) and 54 non-COVID-19 patients (25 males
and 29 females, mean age 63 + 15 years) as shown in Fig. 1.

Considering COVID-19 patients, 80/136 patients (59%)
presented fever (>37.5 °C), 49/136 (36%) cough, and 47/136
(34%) dyspnea. Laboratory tests showed lymphocytopenia
in 106/136 patients (78%); high values (> 0.50 mg/dL) of
C-reactive protein (CRP), lactate dehydrogenase (LDH)
(>220 U/L) and D-dimer (> 243 ng/ml) were found in
128/136 patients (94%), 122/136 patients (90%) and 87/136
patients, respectively.

Regarding non-COVID-19 patients, 26/54 patients (48%)
had fever (>37.5 °C), 20/54 (37%) cough and 13/54 (24%)
dyspnea. Lymphocytopenia was reported in 32/54 patients
(59%); high values (> 0.50 mg/dL) of CRP, LDH (> 220
U/L) and D-dimer (> 243 ng/ml) were found in 41/54
patients (76%), 40/54 patients (74%) and 33/54 patients
(61%), respectively. Full results are listed in Table 1.

Quantitative Chest CT analysis

Considering results expressed in liters, significant differ-
ences were reported for GGOs (0.55+0.26 L vs 0.43 +0.23
L, p=0.0005) and fibrotic alterations (0.05+0.03 L vs
0.04+0.03 L, p<0.0001) (Fig. 2). No significant differ-
ences were found for total lung volume (4.09+1.49 L vs
4.20+1.28 L, p=0.37), healthy parenchyma (3.36 + 1.58 L
vs 3.64 +1.33 L, p=0.11) and consolidations (0.06 +0.04 L.
vs 0.06+0.03 L, p=0.31). No significant differences were

CT positive
n=216

Exclusion Criteria
Deteriorated images
n=26

Patient enrolled

n=190

COVID-19
n=136

non-COVID-19
n=54

Fig.1 Flowchart of the study. From the initial population of 216
Chest CT positive for interstitial pneumonia, we enrolled 136 patients
COVID-19 and 54 patients non-COVID-19
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Table 1 Clinical data

COVID-19 Non-COVID-19
N. patients % N. patients %
Patients demographics
Mean age 66+ 16 year 63+ 15 year
Years (range) 18-97 18-96
Number patients 136 100 54 100
Male 87/136 64 25/54 46
Female 49/136 36 29/54 54
Blood test
C-reactive protein (mg/L; normal range 0.00-0.50)
Increased 128/136 94 41/54 76
Normal 8/136 7 13/54 24
Lactic Acid Dehydrogenase (U/L; range 125-220)
Increased 122/136 90 40/54 74
Normal 14/136 10 14/54 26
Lymphocytes (x 10>/mm?, normal range 1.5-3.0)
Increased 1/136 0.7 4/54 7
Decreased 106/136 78 32/54 59
Normal 29/136 21.3 18/54 34
D-dimer (ng/ml, normal < 243)
Increased 87/136 64 33/54 61
Normal 49/136 36 21/54 39
Symptoms
Fever (>38°) 80/136 59 26/54 48
Cough 49/136 36 20/54 37
Dyspnea 47/136 34 13/54 24

Fig.2 57-year-old man with '
COVID-19 (a, b) and 58-year-

old man non-COVID-19 (c,

d). Axial unenhanced quan-
tified Chest CT scans that

show diffuse bilateral ground-
glass opacities (GGOs) and
some fibrotic alterations in
COVID-19 patient (a, b) and
rare ground-glass opacities

in non-COVID-19 patient (c,
d). Chest CT semi-automatic
quantification shows GGOs

in red, vessels in yellow and
fibrotic alterations in blue, these
findings are more represented in
COVID-19 patient (a) then in
non-COVID-19 patient (c)
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found in the evaluations of lung parenchyma expressed in
percentage. Full results are shown in Table 2.

ROC analysis performed for GGOs and fibrotic altera-
tions expressed in liters returned an area under the curve
(AUC) of 0.661 for GGOs and 0.698 for fibrotic alterations.
When the cutoff of GGOs was set at 0.39L (p <0.001), sensi-
tivity and specificity were 68% and 59%, respectively, while
sensitivity and specificity of fibrotic alterations were 86%
and 44%, respectively with a cutoff of 0.02L (p <0.001)
(Fig. 3).

Discussion

The results of our study showed a good performance of
semi-automatic lung quantification in distinguishing symp-
tomatic patients affected by COVID-19 from those with
interstitial pneumonia from non-COVID-19 causes. In
particular, quantification of GGOs and fibrotic alterations
(including fibrotic stripes and subpleural lines), although

with moderate sensitivity and specificity, may be helpful,
whereas healthy parenchyma and consolidations are not.
Our results disagree with some literature data, where
GGOs are described as the most frequent initial findings in
COVID-19 pneumonia [8, 20], but they are not considered
specific for COVID-19 [8]. In fact, Chen D. and colleagues
analyzed both RT-PCR positive and negative patients in a
preliminary study involving 21 patients and their results
showed presence of GGOs for 20/21 (95%) patients, with
no differences between positive and negative RT-PCR results
(p=0.469), while significant lower presence of consolida-
tion (p =0.04) was observed in negative RT-PCR patients
[21]. The discrepancies between our results and literature
data might be explained by several factors: firstly, during
early disease spread RT-PCR tests were even less sen-
sitive than now, and the possibility of false negative in a
population enrolled during January and February 2020 was
concrete with consequent bias on Chest CT findings [22];
then reduced sample size analyzed by authors could have
influenced the statistical prevalence of results obtained. In
addition, the different imaging analysis, visual or qualitative

Table 2 Quantitative Chest CT
analysis

COVID-19 Non-COVID-19 P values
Mean Mean
Quantitative analysis in liters
Total lung volume 4.09+1.49 4.20+1.28 0.37
Healthy parenchyma 336+1.58 3.64+1.33 0.11
Ground-glass opacities 0.55+0.26 0.43+0.23 0.0005
Fibrotic alterations 0.05+0.03 0.04+0.03 <0.0001
Consolidations 0.06+0.04 0.06+0.03 0.31
Quantitative analysis in percentage
Healthy parenchyma 79.35+13.54 85.09+9.35 0.36
Ground-glass opacities 15.59+9.65 11.54+7.47 0.47
Fibrotic alterations 1.40+1.07 0.93+0.77 0.06
Consolidations 1.75+1.47 1.53+1.03 0.91

Significant differences are shown in bold

Fig.3 ROC curves to test the
ability of ground-glass opaci-

Ground glass opacities

Fibrotic alterations

ties and fibrotic alterations in 100 |- 100 -
differentiating COVID-19 from K I :
non-COVID-19 patients 80 80k Sensitivity: 86,0 |
Specificity: 44,4
L Criterion: >0,02
Sensitivity: 68,4 i
-1; 60 - sf;Si!EZX 59,3 ‘g 60
P [ Criterion: >0,39 = i
2 I 2 i
S 4ot » 40
20} 20}
- AUC = 0,661 - AUC = 0,698
i P < 0,001 I P < 0,001
0 1 1 1 1 O 1 1 1

0 20 40 60 80 100
100-Specificity

0 20 40 60 80 100
100-Specificity
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versus quantitative assessment could be explain the dif-
ferences. Qualitative analysis is also affected by radiolo-
gist skill and experience in image interpretation, whereas
quantitative evaluation is a reproducible and comparable
technique.

Our results, however, differ also from published studies
using a quantitative approach. In a recent paper, a combined
scoring system (clinical and radiological features) based on
visual assessment was proposed to differentiate COVID-19
patients from interstitial pneumonia of other etiology [23].
Authors interestingly concluded that the combined CT fea-
tures analysis revealed an AUC of 0.854. Our single-param-
eter showed an AUC of 0.661 for GGOs and of 0.698 for
fibrotic alterations. Despite GGOs performance did not reach
the AUC of the cited combined model, this single quantified
parameter indicated that it could be a good parameter for
the identification of COVID-19 patients just with the sole
CT imaging technique. This might be useful in an resource-
constrained setting when rapid point-of-care COVID-19
testing is not available or negative. As stated by Fleischner
Society, in high pre-test probability scenarios, presump-
tive diagnosis of COVID-19 achieved by imaging features
might support medical triage and clinical management [22].
Moreover, despite these indications are not exactly in line
with international guidelines which consider RT-PCR as
reference standard for diagnosis, direct experience in criti-
cal scenarios revealed how Chest CT represents an helpful
resource to suspect a COVID-19 case before the RT-PCR
tests; in fact, the latter require an unsustainable response
time in a scenario where urgent decision-making is a prior-
ity with high number of new hospital admissions associated
with limited health personnel and infrastructure resources.

Several controversies emerged on interpretation and fre-
quency of fibrotic alterations. Some authors have described
fibrotic alterations as atypical findings, observed on Chest
CT only in 1.6% of the population studied [24]; on the
contrary, Lomoro et al. [25] considered fibrotic alterations
as a typical CT findings due to their presence in 50% of
COVID-19 patients at hospital admission. In accordance
with Lomoro P. and colleagues, our results showed higher
percentage of fibrotic alterations in COVID-19 patients than
non-COVID-19 (p <0.0001). Discrepancies among studies
might have different explanations: first of all, different CT
pulmonary evaluations (visual vs quantitative) could have
affect how CT features were assessed; then, a possible bias
could be the time range between symptoms onset and hos-
pital admission when CT scans were performed. In fact,
the longer the time between the onset of symptoms and the
acquisition of CT scan, the higher the probability to detect
fibrotic alterations, indicative of a late stage pneumonia.

Despite the interesting results, the present study has
some limitations such as the retrospective nature, lack of
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data regarding symptoms onset from the hospital admis-
sion, the small sample of patients with negative RT-PCR
included and the lack of a combined clinical and radio-
logical decisional model to discriminate COVID-19 from
non-COVID-19 patients.

Conclusions

In conclusion, Chest CT quantification has the potential
to improve COVID-19 management for diagnosis; it could
increase specificity of CT images and help the identifica-
tion of COVID-19 patients before the RT-PCR results. By
so doing, it could be a very useful tool in difficult scenarios
such as resource-constrained setting triage. Future applica-
tion might also include COVID-19 CT follow-up with a
quantitative assessment of lung impairment as expression
of worsening, stability or healing of lung parenchyma. To
explore these possibilities, larger studies and data inter-
pretation are needed.

CT quantification of ground-glass opacities and fibrotic
alterations is able to identify COVID-19 patients with
moderate accuracy and may help radiologists to overcome
low specificity of Chest CT.
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