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Abstract A
Background: Coronavirus disease 2019 (COVID-19) was first described in Wuhan, China, in late 2019 and declared
a pandemic by the World Health Organization (WHO) in March 2020. The present study aimed to characterize the
clinical and chest computed tomography (CT) findings in a sample of patients with COVID-19 and to correlate them
with the outcome of death. The specific objectives were to characterize the sample epidemiologically and to describe
the tomographic patterns found. This retrospective, observational, and cross-sectional study analyzed associations
between chest CT findings and outcomes in COVID-19 patients from a university hospital in southeastern Brazil, from
April 2020 to June 2021. The most frequent symptoms included cough, dyspnea, fever, myalgia, chest pain, anosmia,
and odynophagia. Common CT findings, in descending order, were ground-glass opacities, consolidations, mosaic
paving, parenchymal bands, peribronchovascular consolidations, bronchial ectasia, subpleural lines, nodules with
ground-glass halos, architectural distortion, and ground-glass bands. Patients with age >60 years and comorbidities
were significant risk factors for mortality. Patients with >50% parenchymal involvement and indeterminate/atypical
CT patterns also had a higher risk of death. While serological tests remain critical for diagnosis, this study highlights
the importance of imaging in guiding treatment protocols, especially given the delays in test results.

- J
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Abbreviations *  PACS: Picture Archiving and Communication System
The Following Abbreviations are used in this Manuscript: e RIS: Radiology Information System
e COVID-19: Coronavirus Disease 2019 *  RSNA: Radiological Society of North America

*  CO-RADS: COVID-19 Reporting and Data System ACE2:
Angiotensin-converting enzyme 2

RT-PCR: Reverse transcription-polymerase chain reaction ARDS

* Al Artificial intelligence Acute Respiratory Distress Syndrome

*  NAAT: Nucleic acid amplification test *  SARS-CoV-1: evere Acute Respiratory Syndrome Corona-
e NICE: National Institute for Health and Care Excellence virus-1 SARS-CoV-2 Severe Acute Respiratory Syndrome
*  WHO: World Health Organization Coronavirus-2 ARDS Acute
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Respiratory Distress Syndrome

e BTS: British Thoracic Society

e STR: Society of Thoracic Radiology
e CT: Computed tomography

e ICU: Intensive Care Unit

*  GGO: Ground-glass opacity

*  MYV: Mechanical ventilation

Introduction

Coronavirus disease 2019 (COVID-19) is a highly contagious
disease that became known in early December 2019, with the
pandemic originating in China. The World Health Organization
(WHO) initially named the virus 2019-nCoV, but later renamed
it SARS-CoV-2 (Severe Acute Respiratory Syndrome Coronavi-
rus) [1]. The coronavirus belongs to the order Nidovirales. This
virus has a genetic code consisting of single-stranded RNA and
a large genome. It is glycoprotein-enveloped and infects a wide
variety of host species, including humans [2]. SARS-CoV-2 is a
ribonucleic acid (RNA) virus, whose genetic material consists
of a single positive-sense RNA molecule (RNA+). Its entire
genome contains fewer than 30,000 nucleotides, each of which
consists of a sugar molecule (ribose), a phosphoric acid, and a
nitrogenous base. Nearly 29 different viral proteins have been
identified, including the spike glycoprotein (S protein) and the
nucleocapsid protein (N protein) [3]. The spike glycoprotein al-
lows the virus to enter the host cell by binding to the cellular
receptor and facilitating membrane fusion. The nucleocapsid
protein, on the other hand, regulates the viral replication process.

In human cells, the angiotensin-converting enzyme 2 (ACE2)
receptor functions as a receptor for SARS-CoV-2. Structural and
functional analyses have shown that the SARS-CoV-2 spike pro-
tein binds to ACE2, which is abundant in lung, heart, ileum, kid-
ney, and bladder tissues SARS-CoV- 2 enters cells through these
receptors and triggers an inflammatory response, characterized
by macrophage proliferation and cytokine hypersecretion. The
most common symptoms of COVID-19 are fever (80.4%), dry
cough (63.1%), and fatigue (46%). Severe cases of the disease
can progress to acute respiratory failure, requiring orotracheal
intubation and mechanical ventilation (MV).

As a single-stranded positive-sense RNA virus, its structural
proteins play a crucial role in the pathogenesis of COVID-19
[4]. The spike protein has been identified as the primary protein
mediating the binding of SARS-CoV-2 to the ACE2 receptors
of host cells and facilitating membrane fusion with the help of
transmembrane serine protease 2 (TMPRSS2). This process al-
lows the virus to enter the cells [5]. ACE2 is highly expressed in
the epithelial cells of the oral mucosa and lungs, as well as in the
heart, blood vessels, intestines, kidneys, bladder, and brain. With
increasing age, higher levels of ACE2 are observed, which may
explain the lower severity of COVID-19 in children [6]. The
transmission of SARS-CoV-2 occurs primarily through close
contact with respiratory droplets [7]. Less frequently, the virus is
transmitted via aerosols over longer distances [§]. Unlike the se-
vere acute respiratory syndrome coronavirus, whose contagious-
ness corresponds to the severity of the disease, the viral spread
of SARS-CoV-2 begins before the onset of symptoms and peaks
in the first week after infection [9].

Page No: 02 /

www.mKkscienceset.com

It is hypothesized that SARS-CoV-2 infection has three stages:
a) early infection, characterized by viral invasion and replica-
tion; b) pulmonary phase, corresponding to the host’s inflam-
matory response; and c) hyperinflammatory phase, marked by
a dysregulated immune response [10]. The clinical characteris-
tics, imaging features, and management differ according to each
stage, highlighting the importance of an accurate diagnosis.

COVID-19 has had a significant global impact, becoming the
most severe viral respiratory syndrome since the 1918 HINI in-
fluenza pandemic [11]. Many patients developed dyspnea and
even acute respiratory distress syndrome (ARDS), which can
lead to death [12]. In response, scientists worldwide began a
race against time to research a potential vaccine to curb the pan-
demic. By mid- 2020, the first vaccines emerged, contributing
to saving many lives. According to WHO data, as of this year,
ten types of vaccines have been approved and are available for
immunization.

Following the development of vaccines and scientific confirma-
tion of their efficacy, the pathological landscape changed. Mor-
bidity and mortality rates declined, and COVID-19 ceased to be
a pandemic, although severe cases that can lead to death still
occur. According to data from the Brazilian Ministry of Health
(MS), as of November 2023, 156,689 cases of COVID-19 were
reported in Brazil, with 1,822 hospitalizations and 1,213 deaths.
In 2024, the cumulative cases reached 38,815,115, with 712,258
cumulative deaths, resulting in a mortality rate of 1.72 per
100,000 inhabitants [13].

Transmission of the disease occurs through aerosols, oro-fecal se-
cretions, and transplacental routes. The diagnosis of COVID-19
is confirmed through the reverse transcription-polymerase chain
reaction (RT-PCR) test, which has a specificity of 100% and a
sensitivity of 89%. In the context of highly contagious diseases
with the potential for rapid spread, swift and accurate diagno-
sis is essential to guide and isolate infected individuals. For this
purpose, detection tests must be effective, widely available, pre-
cise, and yield rapid results [14].

In this regard, imaging exams are relevant for recognizing
SARS-CoV-2 infection [15]. A rapid and accurate analysis is
crucial in managing cases of a highly infectious disease to re-
duce its spread as much as possible. For COVID-19 diagnosis,
the gold standard is RT-PCR, as well as serology. However, both
tests have limitations, primarily due to the timing of symptom
onset [16]. According to the WHO, to confirm SARS-CoV-2 in-
fection, one of the following two conditions must be met: first,
the patient receives a positive result from a nucleic acid ampli-
fication test (NAAT), regardless of clinical or epidemiological
criteria; and second, the patient meets clinical and/or epidemi-
ological criteria with a positive SARS-CoV-2 antigen test [17].
NAAT is a viral diagnostic test that allows the detection of viral
RNA with high sensitivity and specificity. However, this test re-
quires a long response time, taking up to two days.

Chest computed tomography (CT) could prevent incorrect
management of COVID- 19 cases in the face of false-negative
RT-PCR results. However, it is cautioned that, due to the non-
specificity of tomographic patterns, findings should be analyzed
in conjunction with other clinical elements. Additionally, any
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patterns of findings must necessarily consider the probability of
representing pulmonary involvement by COVID-19 or not. To
improve diagnosis, an RSNA Consensus was published in 2020
to guide the tomographic evaluation of COVID-19 [18].

The COVID-19 Reporting and Data System (CO-RADS) also
provides a standardized assessment method with a five-point
suspicion scale to describe non-contrast CTs of patients with
COVID-19 [19]. CO-RADS stands out for its interobserver
agreement (moderate to substantial) and its potential to define
low and high probability of COVID-19. The use of CO-RADS
and severity scales contributes to screening, diagnosis, and deci-
sion-making regarding the protocol to be adopted in emergency
care for patients with possible COVID-19 [20].

Therefore, it is of utmost importance to understand the patho-
physiology of the disease and its radiological findings to avoid
undesirable clinical outcomes. The radiology evidenced in CT
scans guides medical conduct, and it is necessary to absorb the
concepts already established in the pre- vaccine era, as they re-
main relevant. CT, due to its diagnostic accuracy, is particularly
useful for evaluation when COVID-19 is suspected, allowing
observation of the extent of lesions, prognostic assessment of
the disease, and monitoring of therapeutic effects [21].

According to Kim and colleagues, CT has a sensitivity of 94%,
specificity of 37%, positive predictive value of 1.5-30.7%, and
negative predictive value between 95.4-99.8%. In this context,
the use of CT is essential for defining patterns consistent with a
COVID-19 diagnosis, such as those established by the Radiolog-
ical Society of North America (RSNA). Similarly, the method
is useful for assessing the extent of parenchymal involvement,
which can be done subjectively or through artificial intelligence
(AI).

Previous studies, such as Mogami and colleagues, have shown
that patients requiring mechanical ventilation (MV) had a higher
frequency of the following changes: parenchymal bands, bron-
chial ectasia, and peribronchovascular consolidations [22]. The
extent of parenchymal involvement was statistically signifi-
cant when associated with other factors such as consolidations,
peribronchovascular consolidations, nodules with halo signs,
and pleural effusion. In another study conducted in New York
City, Richardson and colleagues found that the use of MV was
associated with mortality in 88% of cases, highlighting the se-
verity of the disease in this clinical context [23].

Among the most common findings are ground-glass opacities
and consolidation images, with bilateral, peripheral, and low-
er lobe distribution. Additionally, interlobular septal thickening
may occur, resulting in a mosaic paving pattern. Less frequently,
vascular thickening, air bronchograms, and halo signs may be
identified [24-26]. However, a normal CT does not rule out a
COVID-19 diagnosis in symptomatic patients.

Therefore, the present study aimed to characterize the clinical
and chest CT findings in a sample of patients with COVID-19
and to correlate them with the outcome of death. The specific ob-
jectives were to characterize the sample epidemiologically and
to describe the tomographic patterns found.
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Methods

This is a retrospective, observational, and cross-sectional study
conducted at the Pedro Ernesto University Hospital. The CT ex-
ams were collected consecutively from April 2020 to June 2021.
The total sample size was determined by convenience. The in-
clusion criteria required that patients have acute respiratory syn-
drome, be of both sexes, aged > 18 years, and have a COVID-19
diagnosis confirmed by PCR. Exclusion criteria included CT
images with unacceptable technical quality and the absence of
relevant clinical and epidemiological data for correlations.

Patient images and data were collected from the Radiology Infor-

mation System/Picture Archiving and Communication Systems

(RIS/PACS) and electronic medical records. Three radiologists,

each with over 20 years of experience, analyzed the tomographic

patterns and, by consensus, determined the probability of dis-
ease using a classification system adapted from the RSNA. The
patterns were divided into:

1. Typical: Ground-glass opacities (peripheral, bilateral,
rounded, and/or multifocal) or reversed halo sign; with or
without consolidation; with or without mosaic paving;

2. Possible: Absence of typical signs; unilobar, perihilar,
non-peripheral, non-rounded ground- glass opacities;

3. Atypical: Absence of typical and possible signs, with find-
ings such as segmental/lobar cavitation, consolidations, mi-
cronodules, smooth septal thickening, pleural effusion, or
mass;

4. Negative: Absence of Pulmonary Parenchymal Changes.

The CT scans were also analyzed according to the classification
criteria of Pan and colleagues [25], divided into four stages: stage
1 (0-4 days); stage 2 (5-8 days); stage 3 (9-13 days); and stage
4 (>14 days). Subjective evaluation of the parenchyma was per-
formed in the three basic orthogonal planes: axial, sagittal, and
coronal. The degree of involvement was classified as: < 25%,
25%-50%, and >50%, according to Mogami and colleagues.

All tomographic documentation of cases was stored on a serv-
er (Google Drive) accessible exclusively to members of the re-
search group. The data were anonymized, and the images were
used solely for research purposes.

Descriptive analysis presented the observed data in tables, ex-
pressed as frequency and percentage for categorical data and
using appropriate measures of central tendency and dispersion
for numerical data.

In inferential analysis, continuous variables were compared
using the Student’s t-test for independent samples or the
Mann-Whitney test, as appropriate, while categorical variables
were analyzed using the chi-square test or Fisher’s exact test.
The Shapiro-Wilk test was used to assess data distribution. A
significance level of 5% was adopted.

It is worth noting that the study, still in the context of a research
project, was submitted to the Research Ethics Committee of the
Pedro Ernesto University Hospital, Rio de Janeiro, Brazil, and
approved under number CAAE-30135329.0.0000.5259. The
requirement for informed consent was waived as the study in-
volved the consultation of medical record data.
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Results

A total of 107 records of patients with a confirmed COVID-19
diagnosis by PCR test were analyzed (Figure 1). From this sam-
ple, 33 patients were excluded. Of the 74 remaining patients, 30
were male. The average age of the patients was 55 years. In the

sample, 32 were hospitalized at HUPE, and 42 were treated at
the outpatient clinics of Polyclinic Piquet Carneiro and HUPE.
Comorbidities were present in 41 patients. Only five patients re-
quired ventilatory support (Figure 1).

Potantial Eligible
Participants
N=107
Excluded
N=33
Ratio = 30.8%
Eligible
Participants
M=74 Dysprigea
N=18
Ratic = 24%:
Participants with death Surviving - —
outcome participants Meurological/Psychiatric Symptoms
N=15 N=54 N =15
Ratio = 20.3%
Asymptomatic Symptomatic Painful complaints
participants participants N=14
MN=24 M=35 Ratio = 18.9%
Fatiguwe
N=11
Ratio = 14.9%
Cough
N=d4
Ratio = 5.4%

Figure 1: Flowchart of Results.

The most frequent symptoms were cough (57%), dyspnea
(50%), fever (42%), myalgia (24%), chest pain (5%), anosmia
(7%), and odynophagia (5%). The duration of symptoms was
0-10 days in 57 patients, 11-20 days in 14 patients, and >20 days
in 3 patients.

On CT scans, 41 patients presented with a typical pattern, 10
with an indeterminate pattern, 12 with an atypical pattern,
and 11 with a normal pattern. The most common tomographic
changes, in descending order of frequency, were: ground-glass

opacities (63.5%) (Figures 2B and 4B), consolidations (29.7%)
(Figures 3 and 4A), mosaic paving (25.7%) (Figure 4B), pa-
renchymal bands (16.2%), peribronchovascular consolidations
(12.2%) (Figure 2A), bronchial ectasia (10.8%) (Figure 3), sub-
pleural lines (9.5%), nodules with ground-glass halo (5.4%),
architectural distortion (2.7%), and ground-glass bands (1.4%).
Regarding the extent of parenchymal involvement, 32 patients
had 0-25% involvement, 19 patients had 25-50%, and 23 pa-
tients had more than 50%.

Figure 2: Peribronchovascular Consolidations and Ground-Glass Opacities:

(a) Male, 29 years old. CT performed on the 4th day after symptom onset shows peribronchovascular consolidations in the right
lower lobe (arrows);
(b) CT performed on the 14th day after symptom onset. The patient still had mild cough and dyspnea. There are residual subtle
ground-glass opacities in the right lung (arrows).
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The follow-up of patients showed that 15 of them died, while 59  neurological/psychiatric symptoms in 15 (20.3%), pain-related
survived (24 asymptomatic and 35 symptomatic). In the symp- complaints in 14 (18.9%), fatigue in 11(14.9%), and cough in
tomatic subgroup, dyspnea was observed in 18 patients (24.3%), four (5.4%).

Figure 3: Consolidations and Bronchial Ectasia. A 36-year-old male patient, 15 days after symptom onset. Chest CT image in the
coronal plane shows areas of consolidation along with bronchial ectasia (arrows).

Figure 4: Mosaic Paving and Consolidations, Male, 48 years old: (a) 10 days after symptom onset. Coronal plane tomographic re-
construction shows a diffuse mosaic paving pattern; (b) 21 days after symptom onset, this patient was admitted to the intensive care
unit with a diffuse pattern of consolidations.

Associations between epidemiological, tomographic, and clini- comorbidities (p = 0.0009) compared to the subgroup that sur-
cal findings and the outcome of death were measured to analyze  vived (Table 1).
the importance of the studied parameters for disease prognosis.

The subgroup that died had a mean age of 71.4 + 13.4 years, sig-
The subgroup of patients who died was more strongly associated ~nificantly higher than the subgroup that survived, whose mean

ith th . ~0.0001 th ¢ agewas 50.5 + 15.4 years (Table 2), corroborating the inference
wi e age group > 60 years (p = 0.0001) and the presence o shown in Table 1.

Table 1. Clinical and COVID-19-Related Variables.

Variable Total Death Alive p value
N % n % n %
Gender
Male 30 40.5 6 40 24 40.7 0.96
Female 44 59.5 9 60 35 59.3
Age Group

> 60 years 30 41.1 12 85.7 18 30.5 0.0001
< 60 years 43 58.9 2 14.3 41 69.5
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Location
Inpatient 32 43.2 6 40 26 44.1 0.78
Outpatient 42 56.8 9 60 33 55.9
Comorbidities
Yes 41 55.4 14 93.3 27 45.8 0.0009
No 33 44.6 1 6.7 32 54.2
Diabetes mellitus
Yes 12 16.2 2 13.3 10 16.9 0.54
No 62 83.8 13 86.7 49 83.1
Hypertension
Yes 15 20.3 5 333 10 16.9 0.14
No 59 79.7 10 66.7 49 83.1
Obesity
Yes 2 2.7 1 6.7 1 1.7 0.37
No 72 97.3 14 93.3 58 98.3
Smoking/ex-smoking
Yes 0 0 0 0 0 0 NA
No 74 100 15 100 59 100
Mechanical ventilation
Yes 5 6.8 2 13.3 3 5.1 0.27
No 69 93.2 13 86.7 56 94.9
*Note: y2 test or Fisher’s exact test. NA: not applicable.

The outcome of death was more strongly associated with the Involvement > 50% was more associated with the outcome of
indeterminate/atypical pattern, while survivors were more as- death (Table 2). Table 5 shows the tomographic variables related
sociated with normal and typical patterns (p = 0.012). In turn, to the sample and their outcomes.

parenchymal involvement of 0-25% was more associated with

the group that survived, while.

Table 2: Descriptive Analysis of Age in the Sample.

n Sample mean SD Median IQR Minimum Maximum
Total 73 54.5 17.41 54 40-67 15 94
Evolution Death 14 71.4 13.4 70 63-83 48 94
Alive 59 50.5 15.4 50 40-62 15 82

*SD: Standard Deviation; IQR: Interquartile Range (Q1-Q3). Student’s t-test for independent samples.

Table 3 shows the distribution of symptoms in acute COVID-19, while Table 4 shows the distribution of symptoms in post-
acute COVID-19.

Table 3: Distribution of Symptoms Related to COVID-19.

Symptom — COVID-19 Total
n %
S1: Cough
Yes 57 77
No 17 23
S2: Dyspnea
Yes 50 67.6
No 24 32.4
S3: Fever
Yes 42 56.8
No 32 43.2

Page No: 06 / www.mKkscienceset.com Ame Jo Clin Path Res 2025



S4: Myalgia/Fatigue
Yes 24 32.4
No 50 67.6
S5: Chest Pain
Yes 5 6.8
No 69 93.2
S6: Anosmia/Rhinorrhea
Yes 7 9.5
No 67 90.5
S7: Odynophagia
Yes 5 6.8
No 69 93.2
Symptom Onset (days)
0-10 57 77
Nov-20 14 18.9
>20 3 4.1
PCR Result
Positive 56 75.7
Negative 18 243
Table 4. Distribution of Symptoms in Post-Acute COVID-19.
Post-COVID-19 Variable Total
n %
Outcome (1)
Asymptomatic 24 32.4
Symptomatic 35 473
Death 15 20.3
Outcome (2)
Death 15 20.3
Alive 59 79.7
Dyspnea
Yes 18 243
No 56 75.7
Cough
Yes 4 5.4
No 70 94.6
Fatigue
Yes 11 14.9
No 63 85.1
Pain-Related Complaints
Yes 14 18.9
No 60 81.1
Memory Loss
Yes 7 9.5
No 67 90.5
Neurological/Psychiatric Symptoms
Yes 8 10.8
No 66 89.2
www.mKscienceset.com Ame Jo Clin Path Res 2025



Table 5. Tomographic Variables Related to the Sample and Outcomes.

Variable Total Death Alive p value
N % n % n %
CT Pattern
Typical 41 554 6 40 35 59.3 0.012
Indeterminate 10 13.5 5 333 8.5
Atypical 12 16.2 4 26.7 13.6
Normal 11 14.9 0 0 11 18.6
CT Pattern
Typical/Indeterminate 51 68.9 11 73.3 40 67.8 0.47
Atypical/Normal 23 31.1 4 26.7 19 322
Ground-Glass Opacity
Yes 47 63.5 60 38 64.4 0.75
No 27 36.5 40 21 35.6
Ground-Glass Band
Yes 1 1.4 0 0 1 1.7 0.8
No 73 98.6 15 100 58 98.3
Mosaic Pattern
Yes 19 25.7 3 20 16 27.1 0.42
No 55 74.3 12 80 43 72.9
Parenchymal Bands
Yes 12 16.2 1 6.7 11 18.6 0.24
No 62 83.8 14 93.3 53 89.8
Subpleural Lines
Yes 7 9.5 1 6.7 6 10.2 0.57
No 67 90.5 14 93.3 53 89.8
Consolidations
Yes 22 29.7 4 26.7 18 30.5 0.52
No 52 70.3 11 73.3 41 69.5
Bronchial Ectasia
Yes 8 10.8 1 6.7 7 11.9 0.49
No 66 89.2 14 93.3 52 88.1
Architectural Distortion.
Yes 2 2.7 0 0 2 3.44 0.63
No 72 97.3 15 100 57 96.6
Peribronchovascular Consolidation
Yes 9 12,2 0 0 9 15.3 0.11
No 65 87,8 15 100 50 84.7
Nodule with Ground-Glass Halo
Yes 4 5.4 0 0 4 6.8 04
No 70 94,6 15 100 55 93.2
Reversed Halo Sign
Yes 0 0 0 0 0 0 NA
No 74 100 15 100 59 100
Percentage of Ground-Glass Opacity Involvement
0-25% 32 43,2 2 13.3 30 50.8 0.017
25-50% 19 25,7 5 333 14 23.7
>50% 23 31,1 53.3 15 25.4
www.mKscienceset.com Ame Jo Clin Path Res 2025



Discussion

COVID-19 infection primarily leads to respiratory complica-
tions. It is a highly contagious disease, whose complexity and
severity may require ventilatory support and, not infrequently,
results in patient death. Therefore, a significant portion of those
infected had a favorable outcome, even after the occurrence of
respiratory complications. However, the presence of comorbidi-
ties predisposes individuals to more pronounced complications,
as well as acute respiratory distress syndrome (ARDS) [27].
Transmission of SARS-CoV-2 shows more noticeable signs
with reactive test results. The infection caused by this virus leads
to symptoms ranging in intensity from flu-like symptoms to se-
vere pneumonia. A significant number of these patients present-
ed with CT changes [28].

It is considered that the initial research on pulmonary CT find-
ings related to SARS-CoV-2 infection revealed variable results
in sensitivity and specificity compared to RT-PCR [29]. How-
ever, early analyses did not establish a structured methodology
for interpreting chest CT results or provide a prognostic classi-
fication [30]. Subsequently, an American group affiliated with
the RSNA developed a classification based on CT findings of
COVID-19 [31]. Currently, diagnostic support programs for
CT are available, which indicate the probability of COVID-19
through image evaluation using artificial intelligence (Al). Ad-
ditionally, these programs automatically quantify the extent of
the disease, aiding in decision-making regarding the medical
protocol to be followed [32]. However, it is noted that there are
few studies on the accuracy of these programs, especially in pa-
tients with negative RT-PCR results [33].

Initial chest radiography often shows areas of poorly defined, fo-
cal, or multifocal opacities, unilateral, involving the middle and
lower peripheral lung zones, with progressive multifocal con-
solidation over 6 to 12 days affecting one or both lungs. How-
ever, CT is the recommended imaging exam when COVID-19
is suspected. According to Kim and colleagues, the sensitivity
of the method is 94%, the specificity is 37%, the positive pre-
dictive value is 1.5-30.7%, and the negative predictive value is
95.4-99.8%. In this context, the use of CT during the pandemic
was crucial for defining patterns compatible with a COVID-19
diagnosis, such as those established by the Radiological Society
of North America (RSNA). Similarly, the method was useful for
assessing the extent of parenchymal involvement, which can be
done subjectively or through artificial intelligence (Al).

Previous studies, such as that by Mogami and colleagues
(2020), showed that patients who

required mechanical ventilation (MV) had a higher frequency
of the following changes: parenchymal bands, bronchial ectasia,
and peribronchovascular consolidations. The extent of paren-
chymal involvement was statistically significant when associat-
ed with other factors such as consolidations, peribronchovascu-
lar consolidations, nodules with halo signs, and pleural effusion.
In another study conducted in New York City, Richardson and
colleagues found that the use of MV was associated with mor-
tality in 88% of cases, demonstrating the severity of the disease
in this clinical context.

The RSNA classification for describing COVID-19 pneumonia
stratified chest CT findings into four patterns, as follows: a) typ-
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ical — defined by peripheral, bilateral, rounded, and/or multifocal
ground-glass opacities (or reversed halo sign); b) indeterminate —
characterized by the absence of typical signs, unilobar, perihilar,
and non-peripheral, with non-rounded ground-glass opacities; ¢)
atypical — described by the absence of typical and indeterminate
signs; and d) negative — in which there are no changes in the
lung parenchyma. Among the most common findings on chest
CT are, above all, ground-glass opacities and consolidations that
are distributed in the periphery of both lungs. Interlobular septal
thickening is also common and can result in a mosaic paving
pattern when associated with ground-glass opacities. Less fre-
quently, vascular thickening, air bronchograms, and halo signs
may be identified. However, a normal chest CT does not rule out
a COVID-19 diagnosis in symptomatic patients.

Pan and colleagues defined four stages of SARS-CoV-2 infection
progression: a) early phase, occurring 0 to 4 days after symp-
tom onset, characterized by subpleural ground-glass opacities,
unilateral or bilateral, located in the lower lobes; b) progression
phase, occurring 5 to 8 days after onset, characterized by more
extensive ground-glass opacities, mosaic paving pattern, and
consolidations; c¢) peak phase, manifested between days 9 and
13, characterized by intensification of ground-glass opacities
and consolidations, mosaic paving pattern/sparse fibroatelectat-
ic parenchymal bands, and another pattern similar to organiz-
ing pneumonia; and d) absorption phase, occurring from day 14
onward, characterized by a reduction in ground-glass opacities,
consolidations, and fibroatelectatic changes, and the absence of
the mosaic paving pattern.

The Compatibility Patterns of COVID-19 on CT were Described
by Constantine as follows:

typical, when ground-glass opacities (peripheral, bilateral,
rounded, and/or multifocal) or reversed halo signs are observed,
with or without consolidation, with or without mosaic paving;
possible, in the absence of typical signs, unilobar, perihilar,
non-peripheral, non-rounded ground-glass opacities;

atypical, in the absence of typical and possible signs, with find-
ings such as segmental/lobar cavitation, consolidations, micro-
nodules, smooth septal thickening, pleural effusion, or mass
[34]. Additionally, in the early phase of COVID-19, certain
characteristics of the tomographic exam suggest possible out-
comes or prognoses. Yu and colleagues suggested that intersti-
tial thickening, irregularity of parenchymal interfaces, coarse
reticular pattern, and parenchymal bands could be predictors of
lesions similar to pulmonary fibrosis [35].

Han and colleagues followed 114 patients with severe COVID-19
for six months. The authors concluded that a high lung involve-
ment score on initial CT scans was a prognostic factor for the ap-
pearance or persistence of fibrosis-like lesions at the six-month
follow-up [36]. Studies such as those by Mogami and colleagues
showed associations between tomographic changes and worse
clinical outcomes, such as the need for mechanical ventilation
(MV) and eventual death. However, the number of patients with
these outcomes was low (eight), requiring comparisons with
larger samples, as done in the present study.

In the present study, the most frequent tomographic changes
were consistent with those observed in the works of Mogami and
colleagues Wells and colleagues and D’Cruz and colleagues [37,
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38]. The findings included ground-glass opacities, septal thick-
ening, air trapping, parenchymal bands, bronchiectasis, periph-
eral vascular ectasia, subpleural lines, volume reduction, signs
of bronchiolitis, and mosaic paving. Similarly, as described by
Long-Quan and colleagues the present study showed that age
over 60 and the presence of comorbidities emerge as significant
risk factors for death [39]. In their meta-analysis, Long-Quan
and colleagues highlighted that 31.5% of patients who died from
COVID-19 were over 60 years old and had some form of co-
morbidity. Furthermore, Galvao and colleagues demonstrated a
9.44-fold increase in mortality risk associated with the presence
of comorbidities [40]. Therefore, these findings reinforce the
importance of implementing preventive protocols and clinical
management strategies tailored to specific patient groups when
necessary. Fang and colleagues reported that extensive pulmo-
nary involvement in the acute phase could be associated with
a high mortality rate and a greater sequela component in sur-
vivors, mainly due to fibrotic changes in the lung parenchyma
[41]. The epidemiological surveillance guide from the Brazilian
Ministry of Health also states that larger areas of opacity and
consolidations were observed in individuals with more severe
forms of the disease [42]. Bernheim and colleagues

Showed that patients with a respiratory rate >30 breaths/minute
and oxygen saturation <93% presented a tomographic pattern
called “white lung,” where ground-glass opacities were diffuse,
which could lead to earlier death [43].

In our study, the CT data associated with a worse clinical prog-
nosis were the indeterminate/atypical patterns and involvement
of more than 50% of the lung parenchyma. However, there are
few reports in the literature about indeterminate/atypical pat-
terns for COVID-19 on CT as factors for a worse prognosis.
According to Fang and colleagues, such cases occurred mainly
in older patients who also had some type of comorbidity. In the
present study, what can be inferred from this association is that
the indeterminate and atypical patterns could represent other se-
vere diseases associated with COVID-19 that led to an increased
frequency of deaths. The association of the survivor group with
the normal pattern is, obviously, consistent, and with the typical
pattern, it can be explained by management directed solely at
COVID-19, without other respiratory complications occurring
in parallel with the disease, as might possibly occur in indeter-
minate and atypical patterns. However, the greater utility of this
classification lies in its use during a pandemic for the rapid diag-
nosis of the probability of the disease.

This study also showed that no isolated tomographic finding,
except for the quantitative assessment of the disease, was as-
sociated with a higher likelihood of death, contrary to what
was observed by Mogami and colleagues. Although this study
demonstrated significant scientific value, it presented a small
sample of the findings considered. This opens the door for new
research to improve upon the data highlighted here. Another lim-
itation of the study was the lack of contact with some patients
after the hospitalization, which prevented the expansion of the
study’s scope with other outcome perspectives.

Conclusions
Currently, the importance of serologic testing to confirm in-
fection, especially two weeks after the onset of symptoms, is
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undeniable. However, during the pandemic, given the delay in
obtaining test results, imaging studies played a crucial role in
decision-making regarding the treatment protocol to be adopted.
In this study, the parameters of age >60 years and comorbidities
were identified as risk factors for death in COVID-19. Regard-
ing tomographic parameters, no single finding showed prognos-
tic significance; however, there was a higher risk of death in pa-
tients with a greater percentage of parenchymal involvement and
indeterminate or atypical tomographic patterns.
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