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Abstract

Resumo

Objective: To define diagnostic criteria for coronavirus disease 2019 (COVID-19) on computed tomography (CT); to study the correla-
tion between CT and polymerase chain reaction (PCR) testing for infection with severe acute respiratory syndrome coronavirus 2;
and to determine whether the extent of parenchymal involvement and the need for mechanical ventilation are associated with the
CT findings and clinical characteristics of patients with COVID-19.

Materials and Methods: This was a retrospective study of 155 patients with COVID-19 treated between March and May 2020. We
attempted to determine whether the CT findings correlated with age and clinical variables, as well as whether the need for mechani-
cal ventilation correlated with the extent of the pulmonary involvement.

Results: On average, the patients with COVID-19 were older than were those without (mean age, 54.8 years vs. 45.5 years; p =
0.031). The most common CT finding (seen in 88.6%) was ground-glass opacity, which correlated significantly with a diagnosis of
COVID-19 (p = 0.0001). The CT findings that correlated most strongly with the need for mechanical ventilation were parenchymal
bands (p = 0.013), bronchial ectasia (p = 0.046), and peribronchovascular consolidations (p = 0.012). The presence of one or more
comorbidities correlated significantly with more extensive parenchymal involvement (p = 0.023). For the diagnosis of COVID-19, CT
had a sensitivity of 84.3%, a specificity of 36.7%, and an accuracy of 73.5% (p = 0.012 vs. PCR).

Conclusion: The patterns of CT findings are useful for the diagnosis of COVID-19 and the evaluation of disease severity criteria. The
presence of any comorbidity is associated with greater severity of COVID-19.

Keywords: Coronavirus infections/diagnostic imaging; Tomography, X-ray computed; Pneumonia, viral.

Objetivo: Definir os critérios diagnésticos da COVID-19 na tomografia computadorizada (TC), estudar a concordancia entre a TC e o
PCR e determinar a associacao da extensao do envolvimento parenquimatoso e ventilacdo mecanica com os achados tomograficos
e caracteristicas clinicas da amostra.

Materiais e Métodos: Estudo de 155 pacientes com COVID-19 atendidos entre marco e maio de 2020. Tentamos determinar se
os achados da TC se correlacionavam com a idade e variaveis clinicas, bem como se a necessidade de ventilagdo mecéanica se
correlacionava com a extensao do envolvimento pulmonar.

Resultados: A faixa etaria dos pacientes com COVID-19 (54,8 anos) foi maior do que a dos pacientes sem a doenca (45,5 anos)
(p = 0,031). Opacidades em vidro fosco foram as alteracées mais frequentes (88,6%; p = 0,0001). Bandas parenquimatosas (p =
0,013), ectasia bronquica (p = 0,046) e consolidacoes peribroncovasculares (p = 0,012) foram mais frequentes nos pacientes que
necessitaram de ventilacdo mecanica. Pacientes com comorbidades apresentaram envolvimento parenquimatoso mais extenso (p
=0,023). ATC apresentou sensibilidade de 84,3%, especificidade de 36,7% e acuracia de 73,5% (p = 0,012).

Conclusao: Os padroes de TC sao Uteis para o diagnéstico de COVID-19 e avaliacao dos critérios de gravidade da doenga. Pacientes
com comorbidades estao associados a condicdes clinicas mais graves.

Unitermos: Infeccoes por coronavirus/diagnaéstico por imagem; Tomografia computadorizada por raios X; Pneumonia viral.
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INTRODUCTION

Imaging methods have played a prominent role in the
diagnosis of coronavirus disease 2019 (COVID-19) and in
the follow-up of patients with the disease!™. Chest com-
puted tomography (CT) has always been the protagonist
of this process, and various radiological societies were effi-
cient in disseminating consensus statements about the use
of imaging methods for the diagnosis of COVID-191%11),
Although polymerase chain reaction (PCR) is the gold
standard for the diagnosis of infection with severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), CT
is an alternative for situations in which it is necessary to
make immediate decisions'?. However, to our knowledge,
there have been few studies using objective diagnostic cri-
teria to evaluate the accuracy of CT in the diagnosis of
COVID-19, as well as analyzing interobserver agreement.

The objectives of this study were to characterize the
clinical and CT findings of a sample of SARS-CoV-2-pos-
itive patients admitted to the hospital with COVID-19
pneumonia; to define diagnostic CT criteria for COV-
ID-19, evaluating the correlation between CT and PCR,
as well as the interobserver agreement for chest CT scans;
and to determine whether the associations of the extent of
pulmonary parenchymal involvement on CT and the need
for mechanical ventilation correlate with CT findings,
clinical variables, and epidemiological characteristics.

MATERIALS AND METHODS

The study was approved by the Institutional Review
Board of Pedro Ernesto University Hospital, operated by
Rio de Janeiro State University, in the city of Rio de Ja-
neiro, Brazil (Reference no. 31363230.1.0000.5282). Be-
cause all of the data evaluated were obtained retrospec-
tively from the database of the hospital, the requirement
for written informed consent was waived.

Subjects

We selected 155 patients with suspected COVID-19
treated at Pedro Ernesto University Hospital between
March and May 2020. All of the patients underwent PCR
tests. We excluded 23 patients in whom the data were
insufficient for a complete analysis of the associations.
Therefore, the final sample comprised 132 patients. How-
ever, to determine the observer accuracy for CT patterns
and the level of interobserver agreement, we used the CT
scans and PCR test results for all 155 patients.

The inclusion criteria were being > 18 years of age,
presenting with acute respiratory symptoms, and having
had contact with COVID-19 patients or individuals with
symptoms suggestive of the disease, with or without labo-
ratory confirmation of SARS-CoV-2 infection. Patients
in whom the technical standards of the CT scans were
deemed unacceptable (movement artifacts or missing se-
quences) were excluded, as were those for whom clinical
or epidemiological data were missing.

2

Chest CT analysis

Three radiologists, each with more than 20 years
of experience, independently analyzed the CT patterns
and categorized disease probability using a classification
system adapted from the Radiological Society of North
America (RSNA) consensus'?. We divided the CT as-
pects into four patterns: typical, possible, and atypical
of viral disease (including COVID-19); and negative for
lung disease. The findings that characterized those pat-
terns were as follows:

— typical—ground-glass opacities (peripheral, bilater-
al, rounded, or multifocal) or the reversed halo sign; with
or without consolidations; and with or without the crazy-
paving pattern

— possible—the absence of the typical appearance;
and unilobular, perihilar, non-peripheral, non-rounded
ground-glass opacities

— atypical—the absence of the typical and possible
patterns; and the presence of lobar/segmental cavitation,
consolidation, micronodules, bronchiolar opacities, or
smooth septal thickening, with pleural effusion or masses

— negative for lung disease—no findings indicative of
pulmonary alterations

Because there was no disagreement between the read-
ers for the negative lung disease pattern, we calculated
the kappa statistic (to quantify interobserver agreement)
only for the three other patterns. The typical and possible
patterns were both considered indicative of positivity for
COVID-19, and, in accordance with the clinical practice
protocol at our institution, patients presenting with the
possible pattern were considered potential carriers of the
disease and were therefore isolated. The patients were also
evaluated according to the classification system devised by
Pan et al."¥| which estimates the stage of disease pro-
gression (days after symptom onset) on the basis of the
CT findings: the early stage, or stage 1 (0—4 days); the
progressive stage, or stage 2 (5-8 days); the peak stage, or
stage 3 (9—13 days); and the absorption stage, or stage 4 (>
14 days). In addition, we assessed the proportion of lung
parenchyma involved, as visualized in three orthogonal
planes (axial, coronal, and sagittal), a standard procedure
performed at many institutions, categorizing the involve-
ment as < 25%, 25-50%, or > 50% of the total area. The
proportional involvement of the lung parenchyma was also
evaluated as a dichotomous variable (< 50% or > 50%).

Statistical analysis

Continuous variables were compared by Student’s t-
test for independent samples or the Mann—Whitney test,
as appropriate, whereas categorical variables were com-
pared by the chi-square test or Fisher’s exact test. The
distribution of the data was evaluated by the Shapiro—
Wilk test and in histograms. The time from the onset of
symptoms to CT did not show a normal (Gaussian) distri-
bution. Therefore, the adequate measures to summarize
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these data were median and interquartile range. The level
of significance was set at 5%. The statistical analysis was
performed with the SPSS Statistics software package, ver-
sion 26 (IBM Corp., Armonk, NY, USA).

RESULTS
Sample characteristics

Of the 132 patients evaluated, 72 (54.5%) were male
and 60 (45.5%) were female. The mean age of the pa-
tients was 52.9 + 16.1 years. Ninety-seven of the patients
(73.5%) had been referred from screening centers, and
the remaining 35 patients (26.5%) were inpatients at the
hospital.

Clinical findings

The time from the onset of symptoms to CT was 1-4
days in 41 patients (31.1%), 5-8 days in 47 (35.6%), 9—13
days in 21 (15.9%), and > 14 days in 23 (17.4%). Of the
132 patients evaluated, 61 (46.2%) had one or more co-
morbidities and 71 (53.8%) had no comorbidities. The
main comorbidities were as follows: arterial hypertension,
in 31 patients; diabetes mellitus, in 18 patients; obesity,
in nine patients; respiratory diseases (mainly asthma and
chronic obstructive pulmonary disease), in eight patients;
cardiac diseases (cardiac insufficiency or heart valve dis-
ease), in six patients; malignant neoplasms, in five patients;
renal diseases (lithiasis or chronic kidney disease), in four
patients; and hematological diseases (sickle cell disease or
thalassemia), in four patients; and rheumatological dis-
eases (gout and lupus), in two patients. In addition, 12

patients (9.1%) required mechanical ventilation and 120

(90.9%) did not.

CT findings

Among the 155 patients in the overall sample, the
chest CT pattern, vis-a-vis COVID-19 pneumonia, was
classified as typical in 86 (65.2%), possible in 19 (19%),
and atypical in 14 (10.6%), whereas the chest CT pat-
tern was classified as negative for lung disease in 13 pa-
tients (9.8%). There were 105 patients in whom the chest
CT findings were diagnostic of COVID-19 (CT-positive
group) and 27 in whom the chest CT showed no signs
of COVID-19 (CT-negative group). Among those patients,
the disease progression was categorized as stage 1 in 32
(30.5%), stage 2 in 41 (39.0%), stage 3 in 30 (28.6%), and
stage 4 in only two (1.9%).

The diagnosis of COVID-19 was not significantly as-
sociated with gender or patient origin (outpatient or inpa-
tient). The mean age was 54.8 + 14.5 years among the pa-
tients with COVID-19, compared with 45.5 + 20.1 years
among those without, and the difference was statistically
significant (p = 0.031). In the CT-positive group, the time
from the onset of symptoms to CT was 1-4 days in 27
(25.7%) of the patients, 5-8 days in 43 (41.0%), 9—13 days
in 18 (17.1%), and > 14 days in 17 (16.2%). In the CT-
negative group, the time from the onset of symptoms to
CT was 1-4 days in 14 (51.9%) of the patients, 5-8 days
in 4 (14.8%), 9—13 days in 3 (11.1%), and > 14 days in 6
(22.2%). For that variable, the difference between the two
groups was significant (p = 0.019). Among the patients in

Table 1—Characteristics of the patients diagnosed with COVID-19 by CT, by the need for mechanical ventilation and the extent of parenchymal involvement.

Mechanical ventilation required

Extent of involvement

Variable Positive CT (n = 105) Yes (n = 8) No (n = 97) P-value <50% (n = 59) >50% (n =46) P-value
Age, mean + SD 548+ 145 58.3+14.8 545+ 145 0.48* 54.0 +14.3 55.8+ 14.8 0.54
Pan et al.*¥ classification, n (%)
Stage 1 32(30.5) 0(0.0) 32(33.0) 0.147 28 (47.5) 4(8.7) < 0.000"
Stage 2 41 (39.0) 4 (50.0) 37 (38.1) 19 (32.2) 22 (47.8)
Stage 3 30(28.6) 4 (50.0) 26 (26.8) 10 (16.9) 20 (43.5)
Stage 4 2(1.9) 0(0.0) 2(2.1) 2(3.4) 0(0.0)
Time since symptom onset, n (%)
1-4 days 27 (25.7) 1(12.5) 26 (26.8) 0.80* 21 (35.6) 6 (13.0) 0.011%
5-8 days 43 (41.0) 4 (50.0) 39 (40.2) 18 (30.5) 25 (54.3)
9-13 days 18 (17.1) 1(12.5) 17 (17.5) 8(13.6) 10 (21.7)
> 14 days 17 (16.2) 2(25.0) 15 (15.5) 12 (20.3) 5(10.9)
Comorbidities, n (%)
Yes 50 (47.6) 6(75.0) 44 (45.4) 0.107 21(35.6) 29 (63.0) 0.0057
No 55 (52.4) 2(25.0) 53 (54.6) 38 (64.4) 17 (37.0)
Extent of involvement, n (%)
0-25% 37(35.2) 0(0.0) 37(38.1) 0.023f
25-50% 22 (21.0) 1(12.5) 21(21.6)
>50% 46 (43.8) 7 (87.5) 39 (40.2)

* Student’s t-test for independent samples.
TFisher’s exact test.
* Mann-Whitney test.
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Table 2—Distribution of CT findings and their associations with the need for mechanical ventilation and the extent of parenchymal involvement.

Mechanical ventilation required Extent of involvement

Positive CT (n=105) Yes(n=8) No(n=97) <50% (n=59) >50%(n=46)
CT finding n (%) n (%) n (%) P-value* n (%) n (%) P-value*
Ground-glass opacity 3 (88.6) 7 (87.5) 86 (88.7) 0.63 3(89.8) 40 (87.0) 0.65
Crazy-paving 4 (41.9) 4 (50.0) 40 (41.2) 0.45 1(35.6) 23 (50.0) 0.14
Parenchymal bands 4 (32.4) 6 (75.0) 28(28.9) 0.013 5(25.4) 19 (41.3) 0.084
Subpleural lines 5 (14.3) 0 (0) 15 (15.5) 0.28 10 (16.9) 5(10.9) 0.38
Conventional consolidations 5(42.9) 6 (75.0) 39 (40.2) 0.062 8(30.5) 27 (58.7) 0.003
Bronchial ectasia 2(11.4) 3(37.5) 9(9.3) 0.046 4 (6.8) 8(17.4) 0.090
Architectural distortion 7 (6.7) 1(12.5) 6 (6.2) 0.44 2(3.4) 5 (10.9) 0.13
Peribronchial/vascular consolidations 3(21.9) 5 (62.5) 18 (18.6) 0.012 8 (13.6) 15 (32.6) 0.019
Nodule/consolidations with the halo sign 5(14.3) 0(0) 15 (15.5) 0.28 14 (23.7) 1(2.2) 0.001
Reversed halo sign 1(1.0) 0 (0) 1(1.0) 0.92 1(1.7) 0(0) 0.56
Vascular thickening 4 (22.9) 2(25.0) 22 (22.7) 0.59 10 (16.9) 14 (30.4) 0.10
Bubble sign 3(2.9) 0 (0) 3(3.1) 0.79 1(1.7) 2(4.3) 0.41
Pleural effusion 10 (9.5) 1(12.5) 9 (9.3) 0.56 2(3.4) 8(17.4) 0.017

* Chi-square test or Fisher’s exact test.

the CT-positive group, the proportion of the lung paren-
chyma involved was < 25% in 37 (35.2%), 25-50% in 22
(21.0%), and > 50% in 46 (43.8%).

Among the 105 patients in the CT-positive group,
the chest CT showed ground-glass opacities, as depicted
in Figure 1, in 93 (88.6%), and that finding was signifi-
cantly associated with the diagnosis (p < 0.0001). Other
chest CT findings significantly associated with the diag-
nosis of COVID-19 included conventional consolidation
(Figures 2 and 3), observed in 45 (42.9%) of the patients
(p = 0.020); the crazy-paving pattern (Figure 3), in 44
(41.9%; p = 0.0008); parenchymal bands, in 34 (32.4; p =
0.009); vascular thickening (Figure 4), in 24 (22.9%; p =
0.002); peribronchovascular consolidation (Figures 1 and
3), in 23 (21.9%; p = 0.003); nodules or consolidations

with the halo sign, in 15 (14.3%; p = 0.025); subpleural
lines, in 15 (14.3%; p = 0.025). The chest CT findings
that were not significantly associated with the diagnosis
of COVID-19 included bronchial ectasia (Figure 2), in 12
patients (11.4%; p = 0.21); pleural effusion, in ten (9.5%;
p = 0.31); architectural distortion, in seven (6.7%; p =
0.19); the bubble sign, in three (2.9%; p = 0.50); and the
reversed halo sign, in one (0.8%; p = 0.80).

In the CT-positive group, the extent of parenchymal
involvement was significantly associated with the need for
mechanical ventilation (p = 0.023), the stage of disease
progression (p < 0.0001), and the time from the onset of
symptoms to CT (p = 0.011). We also observed an asso-
ciation between the presence of any comorbidity and the
need for mechanical ventilation (p = 0.023). The chest CT

Figure 1. A 29-year-old male patient. A: CT scan acquired on day 4 after symptom onset, showing peribronchovascular consolidations (a stage 3 finding) in
the right lower lobe (arrows). B: CT scan acquired on day 14 after symptom onset. The patient still had a mild cough and dyspnea. There are discrete residual
ground-glass opacities (a stage 4 finding) in the right lung (arrows).

4
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Figure 2. A 36-year-old male patient at 15 days after symptom onset. Chest CT
scan showing areas of consolidation together with bronchial ectasia (arrows).

findings that were significantly associated with the need
for mechanical ventilation were parenchymal bands (p =
0.013), bronchial ectasia (p = 0.046), and peribroncho-
vascular consolidations (p = 0.012). The extent of paren-
chymal involvement was also significantly associated with
conventional consolidation (p = 0.003), peribronchovas-
cular consolidation (p = 0.019), nodule/consolidation with
the halo sign (p = 0.001), and pleural effusion (p =0.017).

Agreement between CT and PCR for the diagnosis
of COVID-19

For the diagnosis of COVID-19, CT was found to have
a sensitivity of 84.3%, a specificity of 36.7%, a positive

predictive value of 81.9%, a negative predictive value of
40.7%, and an overall accuracy of 73.5%, with positive and
negative likelihood ratios of 1.33 and 0.43, respectively).
There was significant agreement between CT and PCR for
the diagnosis of COVID-19 in the sample (kappa = 0.22;
95% CI: 0.0-0.44; p = 0.012).

Interobserver agreement

The level of agreement among the three observers was
moderate but significant (p < 0.001). The agreement was
best between observers one and two (kappa = 0.54; standard
error: 0.07; p < 0.001), with a concordance rate of 76.8%.

DISCUSSION

Our study showed the importance of CT patterns in
the diagnosis of COVID-19 and in the evaluation of some
disease severity criteria. The CT patterns were concordant
with the PCR results, and there was also moderate agree-
ment among the three CT readers. There was an associa-
tion between various CT findings with the clinical find-
ings, the need for mechanical ventilation, and the extent
of pulmonary involvement.

Gender did not influence the diagnosis of COVID-19,
the need for mechanical ventilation, or the extent of pa-
renchymal involvement. On average, the patients with
COVID-19 were older (mean age, 54.8 years) than were
those without (mean age, 45.5 years). In addition, the pa-
tients diagnosed with COVID-19 showed symptom onset
predominantly at 513 days. It is possible that, between
days 1 and 4, the findings were too incipient or atypical to
be diagnostic, and that, after day 14, there was regression
of the inflammatory process.

A AT

Figure 3. A 48-year-old male patient at 10 days after symptom onset. A: CT reconstruction in the coronal plane, showing a diffuse crazy-paving pattern (a stage
2 finding). B: At 21 days after symptom onset, this patient was admitted to the intensive care unit with a diffuse pattern of consolidations due to organizing

pneumonia (a stage 3 finding).
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Figure 4. A 64-year-old male patient. A:
CT scan acquired on day 3 after symptom
onset. Note the increased vessel caliber
in the parenchyma of the right upper
lobe (arrows), adjacent to an area with
the crazy-paving pattern. B: CT scan, ac-
quired 28 days after the first CT, showing
reduced vessel caliber and resolution of
the crazy-paving pattern, with small re-
sidual consolidation.

Barbosa et al."” found that, when typical and inde-
terminate findings were considered as positive, chest CT
showed an accuracy of 70.3% for the diagnosis of CO-
VID-19, lower than the 73.5% obtained in the present
study, although the sensitivity and specificity reported by
those authors were both higher than that seen in our sam-
ple (92.0% and 62.1% vs. 84.3% and 36.7%, respectively).
There was concordance between our reading patterns and
PCR. To our knowledge, this was the first study to evalu-
ate such concordance. The sensitivity of CT identified in
our study was also lower than that found in several other
studies''®17 " although none of those studies defined
CT criteria for the diagnosis of COVID-19. Nevertheless,
given the moderate agreement among the three readers in
our study, we can assert that chest CT is a reliable diag-
nostic method for use in the scenario of the COVID-19
pandemic.

As reported in other studies of the use of chest CT
in COVID-19"820 " ground-glass opacities were the
most common finding in our patient sample. According
to Pan et al."¥ ground-glass opacities are characteristic
of the initial stage of the disease. However, they can also
be found in the absorption stage, when the inflammatory
process, characterized by consolidation, regresses®". It
is essential to provide information on the time of disease
progression in order to make a more accurate interpreta-
tion of the meaning of ground-glass opacities.

In addition to ground-glass opacities, other CT find-
ings significantly associated with the diagnosis of CO-
VID-19 were the crazy-paving pattern, consolidations,
parenchymal bands, subpleural lines, nodules/consolida-
tions with the halo sign, and vascular thickening. That is
relevant because it suggests that there is a need to change

the RSNA criteria for CT patterns in COVID-19. Case

6

reports have cited nodules with the halo sign as typical
CT findings in pediatric patients in the early stage of CO-
VID-19? which is in agreement with our finding that
the halo sign was more common in patients with less than
50% parenchymal involvement. The diagnosis of vascular
thickening is based on the finding of peripheral arterioles
with a diameter > 3 mm?®, This sign is better recognized
when surrounded by ground-glass opacities®®. In the
more advanced stages of COVID-19, consolidations make
it more challenging to recognize vascular thickening. Af-
ter the regression of the inflammatory process, vessels re-
turn to a normal caliber. This phenomenon is associated
with the set of inflammatory changes in COVID-19, and
it originates from the imbalance of angiotensin II levels
that causes neoangiogenesis or vasodilation®®. Vascular
thickening is an extremely relevant finding because of its
high prevalence in COVID-19 and the fact that it is an un-
common finding in other types of pneumonia®2?. Bai et
al.?® reported vascular thickening in 59% of patients with
COVID-19, compared with only 22% of those with other
types of pneumonia. The frequency of vascular thickening
in our sample (22.9%) was lower than that reported in a
study conducted by Caruso et al.®.

The need for mechanical ventilation is an indirect
sign of disease severity. In a study of 5,700 patients hos-
pitalized with COVID-19 in New York City, Richardson et
al.?” showed that the mortality rate among patients re-
quiring mechanical ventilation was 88.1%. In the present
study, we found that parenchymal bands, bronchial ecta-
sia, and peribronchovascular consolidations were more
common in patients who required mechanical ventilation
than in those who did not. Those CT signs are observed
in cases of organizing pneumonia and are associated with
the vascular phase of COVID-19, in which there is intra-
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alveolar fibrin and microthrombi, together with organized
pneumonia and hyaline membranes®®2%. In addition, we
detected a positive association between the percentage of
parenchymal involvement and the need for mechanical
ventilation requirement. Therefore, we concluded that pa-
tients with more extensive signs of organizing pneumonia
(parenchymal bands, bronchial ectasia, and peribroncho-
vascular consolidations) were more likely to require venti-
latory support. The relevance of these findings is support-
ed by the results of autopsy studies of patients in whom
the disease had progressed for more than 20 days, the
main finding being acute fibrinous and organizing pneu-
monia®?. Other relevant factors such as age and the pres-
ence of comorbidities were not directly associated with the
need for mechanical ventilation in our patient sample.

The assessment of the extent of parenchymal involve-
ment in our study is in keeping with previous studies that
reported the importance of classifying the degree of paren-
chymal involvement, not only in terms of the extent but
also in terms of the type of lesion in the lung, compared
with the time of disease progression®"); conventional and
peribronchovascular consolidations being associated with
more extensive parenchymal involvement. As in other
studies"®3233) we found that pleural effusion, despite be-
ing an uncommon finding in COVID-19, was associated
with more extensive parenchymal involvement and there-
fore, theoretically, with greater disease severity.

In our sample, the patients with comorbidities had
more extensive parenchymal involvement than did those
without comorbidities. In addition, the least extensive pa-
renchymal involvement (< 50%) was seen in the early stage
of COVID-19 (when peripheral ground-glass nodules are
typically predominant) and in the absorption stage (after
day 14). We found that the parenchymal involvement was
most extensive in the intermediate subcategories, which
were the phases of transition to organizing pneumonia
and the vascular phase. The same reasoning applies to the
associations between proportional involvement and the
Pan et al."® classification: less extensive involvement (<
50%) occurred early, and the most extensive involvement
(>50%) occurred in the progression stage (stage 2) and in
the peak stage (stage 3).

Our study has several limitations. First, there was no
testing for other viruses. In addition, some clinical data
were unavailable, because of the large number of outpa-
tients who were discharged. Furthermore, most of the CT
examinations were unenhanced and we therefore could
not study the vascular complications of COVID-19.

In conclusion, the patients diagnosed with COVID-19
by CT were older than were those in whom the CT find-
ings were negative for the disease. The main CT findings
in the patients diagnosed with COVID-19 by CT were
ground-glass opacities, consolidations (conventional or
peribronchovascular), the crazy-paving pattern, parenchy-
mal bands, vascular thickening, and nodules/consolida-
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tions with the halo sign. The typical and possible CT pat-
terns for COVID-19, in the context of a pandemic, can be
considered suggestive of the disease and agreed with the
PCR results. To increase the specificity of CT, other signs
should be included in the description of the typical pattern
of COVID-19. Finally, patients in whom CT shows greater
parenchymal involvement are more likely to require venti-
latory support. Such patients typically present with signs
suggestive of organizing pneumonia and have one or more
comorbidities.

REFERENCES

1. Lei J, Li J, Li X, et al. CT imaging of the 2019 novel coronavirus
(2019-nCoV) pneumonia. Radiology. 2020;295:18.

2. Pan Y, Guan H, Zhou S, et al. Initial CT findings and temporal
changes in patients with the novel coronavirus pneumonia (2019-
nCoV): a study of 63 patients in Wuhan, China. Eur Radiol. 2020;
30:3306-9.

3. Chung M, Bernheim A, Mei X, et al. CT imaging features of 2019
novel coronavirus (2019-nCoV). Radiology. 2020;295:202-7.

4. Duan YN, Qin J. Pre- and posttreatment chest CT findings: 2019
novel coronavirus (2019-nCoV) pneumonia. Radiology. 2020;295:
21.

5. Kanne JP. Chest CT findings in 2019 novel coronavirus (2019-
nCoV) infections from Wuhan, China: key points for the radiolo-
gist. Radiology.2020;295:16-7.

6. Farias LPG, Strabelli DG, Fonseca EKUN, et al. Thoracic tomo-
graphic manifestations in symptomatic respiratory patients with CO-
VID-19. Radiol Bras. 2020;53:255-61.

7. Escuissato DL. COVID-19 and cancer patients. Radiol Bras. 2020;
53(4):v.

8. Lima CMAO. Information about the new coronavirus disease (CO-
VID-19). Radiol Bras. 2020;53(2):v—vi.

9. Meirelles GSP. COVID-19: a brief update for radiologists. Radiol
Bras. 2020;53:320-8.

10. British Society of Thoracic Imaging. BSTI post-COVID-19 report
codes [homepage on the Internet]. [updated 2020 May 22; cited
2020 June 3]. Available from: https://www.bsti.org.uk/media/re-
sources/files/BSTI_PostCOVIDCTv1.22.05.20.pdf.

11. Medical & Clinical Affairs, Radiology R & D, Bayer AG. Covid-19
and imaging - positions and statements of radiological societies
[homepage on the Internet]. [updated 2020 May 12; cited 2020
June 3]. Available from: https://www.radiology.bayer.com/sites/g/
files/kmftyc366/files/COVID-19%20%20Main%20Society%20
statements%205-12-2020%20v2.pdf.

12. Raptis CA, Hammer MM, Short RG, et al. Chest CT and coronavi-
rus disease (COVID-19): a critical review of the literature to date.
AJR Am ] Roentgenol. 2020;215:839—-42.

13. Simpson S, Kay FU, Abbara S, et al. Radiological Society of North
America Expert Consensus Statement on Reporting Chest CT
Findings Related to COVID-19. Endorsed by the Society of Tho-
racic Radiology, the American College of Radiology, and RSNA -
Secondary Publication. ] Thorac Imaging. 2020;35:219-27.

14. Pan F, Ye T, Sun P, et al. Time course of lung changes at chest CT
during recovery from coronavirus disease 2019 (COVID-19). Radi-
ology. 2020;295:715-21.

15. Barbosa PNVP, Bitencourt AGV, Miranda GD, et al. Chest CT ac-
curacy in the diagnosis of SARS-CoV-2 infection: initial experience
in a cancer center. Radiol Bras. 2020;53:211-5.

16. FangY, Zhang H, Xie ], et al. Sensitivity of chest CT for COVID-19:
comparison to RT-PCR. Radiology. 2020;296:E115-E117.

17. Ai T, Yang Z, Hou H, et al. Correlation of chest CT and RT-PCR
testing for coronavirus disease 2019 (COVID-19) in China: a report
of 1014 cases. Radiology. 2020;296:E32—-E40.



Mogami R et al. / Chest computed tomography in COVID-19 pneumonia

18.

19.

20.

21.

22.

23.

24.

25.

Ye Z, Zhang Y, Wang Y, et al. Chest CT manifestations of new coro-
navirus disease 2019 (COVID-19): a pictorial review. Eur Radiol.
2020;30:4381-9.

Chate RC, Fonseca EKUN, Passos RBD, et al. Presentation of pul-
monary infection on CT in COVID-19: initial experience in Brazil.
J Bras Pneumol. 2020;46:€20200121.

Salehi S, Abedi A, Balakrishnan S, et al. Coronavirus disease 2019
(COVID-19): a systematic review of imaging findings in 919 pa-
tients. AJR Am J Roentgenol. 2020;215:87-93.

Guan W, Liu J, Yu C. CT findings of coronavirus disease (COVID-19)
severe pneumonia. AJR Am ] Roentgenol. 2020;214:W85-W86.
Foust AM, Phillips GS, Chu WC, et al. International Expert Con-
sensus Statement on Chest Imaging in Pediatric COVID-19 Patient
Management: Imaging Findings, Imaging Study Reporting and Im-
aging Study Recommendations. Radiology: Cardiothoracic Imag-
ing. 2020;2:€200214.

Behzad S, Aghaghazvini L, Radmard AR, et al. Extrapulmonary
manifestations of COVID-19: radiologic and clinical overview. Clin
Imaging. 2020;66:35—41.

Albarello F, Pianura E, Di Stefano F, et al. 2019-novel coronavi-
rus severe adult respiratory distress syndrome in two cases in Italy:
an uncommon radiological presentation. Int J Infect Dis. 2020;93:
192-7.

Bai HX, Hsieh B, Xiong Z, et al. Performance of radiologists in dif-
ferentiating COVID-19 from non-COVID-19 viral pneumonia at
chest CT. Radiology. 2020;296:E46-E54.

[)ev |

26.

27.

28.

29.

30.

31.

32.

33.

Caruso D, Zerunian M, Polici M, et al. Chest CT features of CO-
VID-19 in Rome, Italy. Radiology. 2020;296:E79—ES85.

Richardson S, Hirsch JS, Narasimhan M, et al. Presenting character-
istics, comorbidities, and outcomes among 5700 patients hospitalized
with COVID-19 in the New York City area. JAMA. 2020;323:2052-9.
Polak SB, Van Gool IC, Cohen D, et al. A systematic review of
pathological findings in COVID-19: a pathophysiological time-
line and possible mechanisms of disease progression. Mod Pathol.
2020;33:2128-38.

von der Thiisen ], van der Eerden M. Histopathology and genetic
susceptibility in COVID-19 pneumonia. Eur J Clin Invest. 2020;50:
el3259.

Copin MC, Parmentier E, Duburcq T, et al. Time to consider his-
tologic pattern of lung injury to treat critically ill patients with CO-
VID-19 infection. Intensive Care Med. 2020;46:1124—6.

Huang G, Gong T, Wang G, et al. Timely diagnosis and treatment
shortens the time to resolution of coronavirus disease (COVID-19)
pneumonia and lowers the highest and last CT scores from sequen-
tial chest CT. AJR Am ] Roentgenol. 2020;215:367-73.

Tabatabaei SMH, Talari H, Moghaddas M, et al. Computed tomo-
graphic features and short-term prognosis of coronavirus disease
2019 (COVID-19) pneumonia: a single-center study from Kahsam,
Iran. Radiology: Cardiothoracic Imaging. 2020;2:¢200130.

Yu M, Xu D, Lan L, et al. Thin-section chest CT imaging of COV-
ID-19 pneumonia: a comparison between patients with mild and se-
vere disease. Radiology: Cardiothoracic Imaging. 2020;2:¢200126.

Radiol Bras. 2021 Jan/Fev;54(1):1-8



