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Abstract

Introduction: Coronavirus disease 2019 (COVID-19), caused by the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), presents a broad spectrum of clinical manifestations, from asymptomatic
cases to severe pneumonia and acute respiratory distress syndrome (ARDS). Chest computed
tomography (CT) has become a critical diagnostic tool, especially in regions with high disease
prevalence. This study aims to assess the common CT findings, patterns of lung involvement, and
severity of disease in RT-PCR positive COVID-19 patients to better understand and manage this
pervasive disease. Materials and Methods: This observational cross-sectional study was conducted at
Dr. Kamakshi Memorial Hospital, Chennai, from 2020 to 2021. The study included RT-PCR positive
COVID-19 patients aged 18 to 95 years who presented to the fever clinic or COVID casualty and were
referred to the radiology department for chest CT evaluation. Exclusion criteria included pregnancy,
age under 18 years, and refusal to consent. Non-contrast chest CT scans were performed using a
TOSHIBA Agquilion Lightening 16-slice CT machine. Scans were acquired in a single inspiratory
breath-hold from the lung apex to the costophrenic angle. CT findings were analyzed and reported by
two experienced radiologists, with discrepancies resolved through consensus. Results: Out of 349
patients, 213 (61%) were male and 136 (39%) were female, with a mean age of 47.7 years. The
distribution of CT findings showed significant variability among the four groups. Group A had the
highest percentage of normal CT scans (22%) and ground-glass opacities (52%). Group B exhibited a
reduction in normal CT scans (9%) and an increase in ground-glass opacities (57%). Group C showed
further decrease in normal CT scans (10.6%) with increased crazy paving (17.3%) and reticulation
(14.6%). Group D had similar normal CT scans (10.8%) but significantly higher incidences of
reticulation (24.3%) and ground-glass opacities (64%). Conclusion: This study highlights the critical
role of chest CT in monitoring the progression of COVID-19 pneumonia. The findings demonstrate a
clear temporal evolution of lung involvement, from ground-glass opacities in the early stages to more
complex patterns such as crazy paving and reticulation in later stages.

Keywords: COVID-19, Chest CT, Ground-glass opacities, Lung involvement, Disease progression

*Corresponding Author: Kumarasampath Marimuthu
Email: doctorsambath@gmail.com

782



National Board of Examination - Journal of Medical Sciences, Volume 2, Issue 8

Graphical Abstract

Temporal Evolution of CT Findings in COVID-19 Patients: An Observational Study

Chandra Kumar C, Priya Narayanasamy, Jeevithan Shanmugam and Kumarasampath Marimuthu

-
| ﬂn!mducﬁon \
Coronavirus disease 2019 (COVID-19), caused by the severe

acute respiratory syndrome coronavirus 2 (SARS-CoV-2),

presents a broad spectrum of clinical manifestations, from & Sied
asymptomatic cases to severe pneumonia and acute respiratory o o . B
distress syndrome (ARDS). Chest computed tomography (CT) d""f" Cansaligen cra-zv RE‘_“"I“ i) “_"“' csv
has become a critical diagnostic tool, especially in regions with Densit on Paving ion Consolidat
high disease prevalence. This study aims to assess the common 2 ion
CT findings. patterns of lung invelvement, and severity of '§ 22 2
disease in RT-PCR positive COVID-19 patients to better -~ (22 10 (10%) 3(3%) 1(1%) 8 (8%)
understand and manage this pervasive disease.. )} £ o (52%)
=
B 9 57
Materials and Methods E (9%) (57%) 12 (12%) 9 (9%) 2(2%) 4 (4%)
This observational cross-sectional study was conducted at Dr. 2 8
Kamakshi Memorial Hospital, Chennai, from 2020 to 2021. 2 0. # 6 (8%) i 1 10 (13%)
The study included RT-PCR positive COVID-19 patients aged L 6%) (45%) (17.3%)  (14.6%)
18 to 95 years who presented to the fever clinic or COVID & .
casualty and were referred to the radiology department for
g 5 Pt =" 10. E iy .
chest CT evaluation. Exclusion criteria included pregnancy. Bzt (8% (64%) AR ize (24.3%) G
sl itieler 187y €as,aiid refiaal ¥ Gotiseat: Nofzoontrast chcst ) BAR6l IS0008
CT scans were performed using a TOSHIBA Aquilion
Lightening 16-slice CT machine. \ /
N\ Y.

National Board of Examinations
__Journal of Medical Sciences

Introduction

Coronavirus disease 2019 (COVID-
19), caused by the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2),
emerged in Wuhan, China, at the end of
2019 and rapidly escalated into a global
pandemic. SARS-CoV-2 is an enveloped
single-stranded RNA virus that leads to a
spectrum of clinical manifestations, ranging
from asymptomatic cases to severe
pneumonia and acute respiratory distress
syndrome (ARDS) [1-3]. The disease's
incubation period ranges from 1 to 14 days,
with a mean duration of 5 to 7 days, and
peak viral shedding occurring before
symptom onset, underscoring the potential
for transmission from asymptomatic
individuals [4-6].

Common symptoms include fever
(80-90%), cough (60-80%), and dyspnea
(18-46%), with other possible symptoms
such as myalgia, fatigue, sore throat, nasal
congestion, headache, nausea, vomiting,
and diarrhea [7,8]. Diagnosis primarily
relies on clinical symptoms and a positive
reverse-transcription  polymerase chain
reaction (RT-PCR) assay [9]. The case
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fatality rate is higher in patients with
comorbidities such as cardiovascular
disease, diabetes, chronic respiratory
disease, systemic hypertension, and cancer
[10].

Chest computed tomography (CT)
has become a critical tool for diagnosing
and managing COVID-19, especially in
regions with high disease prevalence.
Typical CT findings include ground-glass
opacities, consolidation, and patterns of
bilateral and peripheral distribution [11].
Studies have shown that chest CT has a
high sensitivity for detecting COVID-19
pneumonia, making it a valuable diagnostic
tool, particularly in epidemic areas where
rapid diagnosis and isolation are crucial
[12, 13]. This study aims to assess the
common CT findings, patterns of lung
involvement, and severity of disease in RT-
PCR  positive COVID-19  patients,
contributing to better understanding and
management of this pervasive disease.

Materials and Methods
This observational cross-sectional
study was conducted at Dr. Kamakshi
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Memorial Hospital, Chennai, from 2020 to
2021. The study included RT-PCR positive
COVID-19 patients aged 18 to 95 years
who presented to the fever clinic or COVID
casualty and were referred to the radiology
department for chest CT evaluation.
Patients were excluded if they were
pregnant, under 18 years, or refused
consent.

Non-contrast chest CT scans were
performed using a TOSHIBA Aquilion
Lightening 16-slice CT machine. Scans
were acquired in a single inspiratory breath-
hold from the lung apex to the costophrenic
angle. Images were reconstructed into 1
mm thick slices and viewed in both lung
and mediastinal windows. CT findings
were analyzed and reported by two
experienced radiologists. Disparities in
reports were resolved through consensus.

Patients were categorized into four
groups based on the day of presentation
since symptom onset: Group A (1-7 days),
Group B (8-14 days), Group C (15-21
days), and Group D (22-28 days). The CT
images were evaluated for types of lung
opacities, laterality, pattern of distribution,
lobar involvement, and additional findings.
Severity of lung involvement was assessed
using a CT severity score based on the
percentage area involved in each lobe.

Results

Out of 349 patients, 213 (61%) were
male and 136 (39%) were female, with a
mean age of 47.7 years. Table 1 shows the
distribution of CT findings among the four
groups of COVID-19 patients shows
significant variability. Group A, consisting
of patients in the first week of illness, had
22% with normal CT scans, 52% with
ground-glass  opacities, and lower
incidences of other findings. Group B,
patients in the second week, exhibited a
reduction in normal CT scans to 9%, with a
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slight increase in ground-glass opacities
(57%) and other findings. Group C,
representing the third week of illness,
showed a further decrease in normal CT
scans (10.6%), with increased crazy paving
(17.3%) and reticulation (14.6%). Group D,
patients in the fourth week, had similar
levels of normal CT scans (10.8%) but
significantly ~ higher incidences of
reticulation (24.3%) and ground-glass
opacities  (64%). The  statistically
significant result suggests a clear
progression and evolution of lung
involvement in COVID-19 patients as the
disease  advances, highlighting the
importance of CT scans in monitoring and
managing the disease over time.

The distribution of presenting
symptoms among the four groups of
COVID-19 patients (Table 2) shows
significant variability. Group A, consisting
of patients in the first week of illness, had
the highest percentage of fever (77.3%) and
cough (60.0%), with lower incidences of
dyspnea (18.0%) and other symptoms.
Group B, patients in the second week,
exhibited a slight increase in symptoms like
fever (83.0%) and cough (80.0%), with a
significant increase in dyspnea (46.0%) and
sore throat (30.0%). Group C, representing
the third week of illness, showed the
highest incidence of dyspnea (70.0%) and
sore throat (40.0%). Group D, patients in
the fourth week, had a significant reduction
in fever (24.3%) but an increased
percentage of reticulation (24.3%) and
lower incidences of other symptoms. The
result is statistically significant. This
suggests that the progression and
presentation of symptoms in COVID-19
patients vary significantly over the course
of the disease, highlighting the importance
of continuous monitoring and tailored
management strategies for different stages
of the illness.
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Table 1. Distribution of study population according to presence of CT findings

Mixed
Group Normal CT Ground-glass Consolidation Crazy | Reticulatio | GGOwith | gy, | p |y
Density Paving n Consolidati
on
A (n=100) 22 (22%) 52 (52%) 10 (10%) 3 (3%) 1 (1%) 8 (8%)
B (n=100) 9 (9%) 57 (57%) 12 (12%) 9 (9%) 2 (2%) 4 (4%)
C (n=75) 8 (10.6%) 34 (45%) 6 (8%) 13 11 (14.6%) | 10 (13%)
(17.3%)
= o 0, 0, 0, 0 ()
D (n=74) 8 (10.8%) 47 (64%) 4 (5.4%) 4 (5.4%) 18 (24.3%) | 5 (6.7%) 5236 | <0.001
Table 2. Distribution of symptoms with respect to duration
Group A Group B Group C Group D
Symptom (n=100) (n1=100) (n=75) m=74y | Y | Palue
Fever 77 (77.3%) 83 (83.0%) 67 (88.8%) | 18 (24.3%)
Cough 60 (60.0%) 80 (80.0%) 50 (67.0%) | 37 (50.0%)
Dyspnea 18 (18.0%) 46 (46.0%) 52 (70.0%) | 24 (33.0%)
Myalgia/Fatigue 52 (52.0%) 47 (47.0%) 34 (45.0%) | 18 (24.0%)
Sore Throat 15 (15.0%) 30 (30.0%) 30 (40.0%) | 7 (10.0%)
Headache 18 (18.0%) 20 (20.0%) 22 (30.0%) | 11 (15.0%)
Nausea/Vomiting | 5 (5.0%) 10 (10.0%) 15 (20.0%) | 9 (12.0%)
Diarrhea 4 (4.0%) 9 (9.0%) 9 (12.0%) 6 (8.0%)
Loss of o o o o
Smell/Taste 12 (12.0%) 15 (15.0%) 7 (10.0%) 4 (6.0%) 68.3 <0.001
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The distribution of severity of lung
involvement among the four groups of
COVID-19 patients significant
variability (Table 3). Group A, consisting of
patients in the first week of illness, had the
highest percentage of mild cases (54%) and
no severe cases (0%). Group B, patients in
the second week,
percentage of mild cases (53%) but had a
higher percentage of moderate (34%) and
severe cases (5%). Group C, representing
the third week of illness, showed a lower
percentage of mild cases (32%) but the
highest percentage of severe cases (24%).
Group D, patients in the fourth week, had
an intermediate percentage of mild cases
(48.6%) and a lower percentage of severe
cases (8.1%) compared to Group C.The
severity of lung involvement in COVID-19
patients varies significantly over the course
of the disease, with an increase in severity
observed in the later stages of the illness.
The results are statistically significant.

shows

exhibited a similar

involvement among the four groups of
COVID-19 patients shows mild variability
but does not reach statistical significance.

The mean CT score
increases from Group A (first week of
illness) to Group C (third week of illness),
indicating a progression in the severity of
lung involvement as the disease advances.
Group D (fourth week of illness) shows a
slight decrease in the mean CT severity
score compared to Group C, possibly
indicating the beginning of a resolution
phase or the effects of medical intervention.
The differences in mean CT severity scores
among the groups statistically
significant. This suggests that the severity
of lung involvement, as measured by CT
severity scores, varies significantly over the
course of the disease highlighting the
importance of monitoring CT severity
scores to assess the progression and
management of COVID-19 pneumonia
(Table 4).

severity

are

However the distribution of lobar
Table 3. Association between CTSS score and Duration
. Moderate Severe
Group M"‘L(SC)TSS (CTSS9- | (CTSS> CSV P value
15) 15)
A (n=100) 54 (54%) 24 (24%) 0 (0%)
B (n=100) 53 (53%) 34 (34%) 5 (5%)
C (n=75) 24 (32%) 25(33.3%) | 18 (24%)
— 0 0 o
D (n=74) 36 (48.6%) 19 (25.6%) | 6 (8.1%) 4229 <0.001
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Table 4. Association between CT severity and duration

Mean

Gro CT Standard F P

up Severity | Deviation | value value

Score

A

(n=100) 4.9 4.1

B

(n=100) 7.4 4.7

C (n=75) 104 6.9

D (n=74) 6.9 6.2 9.33 < 0.001

Discussion

This study provides a detailed
analysis of CT findings in COVID-19
patients, highlighting the progression and
patterns of lung involvement over the
course of the disease. In the early stages
(Group A), ground-glass opacities were the
predominant finding, while later stages
(Groups B and C) showed an increase in
consolidation, crazy paving patterns, and
The findings align with
previous studies that reported similar CT
manifestations in COVID-19 patients [14-
16]. Bilateral lung involvement with a
peripheral and posterior distribution was
common across all groups, with a notable
lower lobe predilection. This distribution
pattern is consistent with the literature,
which emphasizes the typical peripheral

reticulations.

subpleural involvement in COVID-19
pneumonia [17].
The predominant findings of

ground-glass opacities and their peripheral
distribution align with the results of
previous studies by Yoon et al. [18] and
Cheng et al. [19], which reported similar
CT features in COVID-19 patients. The
observed progression from ground-glass
opacities to crazy paving and reticulation
patterns corresponds with findings from
Wang et al. [20], indicating a typical
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temporal evolution of CT changes in
COVID-19 pneumonia.

The  presence  of  bilateral
involvement and lower lobe predilection is
consistent with the systematic review by
Ojha et al. [21], which found a high
incidence of bilateral and peripheral lung
involvement. The occurrence of
consolidation  and patterns,
particularly in the second and third weeks
of illness, parallels the findings of Zhao et
al. [22], who noted similar patterns in their
multicenter study.

The study also corroborates the high
sensitivity of chest CT in detecting
COVID-19 pneumonia, as demonstrated by
Ai et al. [12], who reported a sensitivity of
97% for chest CT compared to RT-PCR.
This emphasizes the utility of chest CT as a
rapid diagnostic  tool,
especially in epidemic settings where
timely isolation and treatment are critical.
comparison early-phase
disease, the advanced-phase disease was
characterized by increased frequencies of
consolidation, crazy paving patterns, and
reticulation. This pattern of progression
from ground-glass opacities to more
complex lesions has been observed in other
studies, such as those by Pan et al. [23] and
Xu et al. [24], supporting the notion that CT
findings can provide valuable insights into

mixed

and effective

In to
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the temporal evolution of lung involvement
in COVID-19 patients.

Moreover, the severity of lung
involvement as assessed by the CT severity
score (CTSS) in this study showed a clear
correlation with the clinical severity of the
disease. Similar correlations between CTSS
and clinical severity have been reported by
Francone et al. [25] and Li et al. [26],
suggesting that CTSS could be a useful
parameter
management of COVID-19 patients.

for risk stratification and

Conclusion

This study highlights the critical role of
chest CT in monitoring the progression of
COVID-19 pneumonia. The findings
demonstrate a clear temporal evolution of
lung from ground-glass
opacities in the early stages to more
complex patterns such as crazy paving and
reticulation in later stages. The significant
correlation between CT severity scores and
clinical severity underscores the potential
of CT as a valuable tool for risk
stratification and management of COVID-
19 patients. These insights can aid
clinicians in making informed decisions
regarding patient care. Future research with
larger sample sizes and longitudinal follow-
up will be essential to further validate these
findings and explore the long-term
implications of COVID-19 on lung health.
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