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ABSTRACT

Introduction: Chest Computed Tomography (CT) plays an
important role in the diagnosis and management of Corona
Virus Disease (COVID-19) infection. A better understanding of
the chest CT imaging findings in COVID-19 disease may help
in accurate diagnosis and staging of the disease. The temporal
changes in the chest CT imaging findings follows a specific
pattern which helps in identification of disease progression or
recovery from the illness.

Aim: To evaluate the chest CT imaging findings of COVID-19
patients during the course of disease.

Materials and Methods: This was a retrospective observational
study in which 110 hospitalised patients with COVID-19 disease
were evaluated for chest CT imaging findings and severity of
the infection. Chest CT findings with respect to duration of
symptoms onset were divided into early phase disease (<5 days
of symptom onset), intermediate phase (5-12 days) and late
phase disease (>12 days of symptom onset). Based on visual
assessment, CT severity score was given depending on the
percentage of each lobe involved in bilateral lung parenchyma.
Descriptive statistics were expressed using percentage, range,
means and Standard Deviation (mean+SD).

Results: A total of 110 COVID-19 positive patients (79 males and
31 females) with mean age of 48.33+9.18 years (range between
22-84 years) were included in the study. CT chest was performed
during the different time periods of hospital stay ranging from 2 to
16 days. Early phase disease constituted 53 (48.18%) patients,

INTRODUCTION

COVID-19 infection is an acute respiratory disease caused by Severe
Acute Respiratory Syndrome Corona Virus 2 (SARS-CoV-2). COVID-
19 infection is highly contagious and an exponential increase in the
number of cases has been observed in the last few months [1,2].
Concerns regarding rapid identification of moderate and severe
disease patients help in reducing the mortality associated with this
infection. The diagnosis of COVID-19 infection is made by Reverse-
Transcription Polymerase Chain Reaction (RT-PCR) technique by
collection of nasopharyngeal/throat swab samples. With increase
in the daily number of cases, the number of RT-PCR tests done
for COVID-19 infection is limited. In the present scenario, Chest CT
is found to be more sensitive and an important imaging modality
for rapid identification of COVID-19 infection [3]. Considering the
wide range of COVID-19 symptoms, early detection of the disease
with assessment of severity is crucial. SARS-CoV-2 shares a similar
genomic sequence with SARS-CoV and MERS-CoV (family of corona
viruses), leading to the development of similar clinical manifestations.
Diverse imaging findings ranging from focal lung lesion to extensive
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21 (19.09%) patients in the intermediate phase and 36 (32.72%)
patients were in the late phase. Nineteen (17.27 %) patients in the
early phase disease (<5 days) had a normal scan. Out of 91 chest
CT positive patients, 13 patients (14.28%) were asymptomatic
and 78 patients were symptomatic (85.71%). Among the CT
positive patients, early phase disease constituted 34 (37.36%)
patients, 21 (23.07%) patients were in the intermediate phase
and 36 (39.56%) patients in the late phase disease. Early phase
disease was predominantly characterised by Ground Glass
Opacities (GGOs) which were seen in 27 patients (79.41%),
gradual conversion of these GGOs into consolidations during
the intermediate phase. Consolidations with fibrotic bands were
predominant imaging patterns during the late phase disease
seen in 21 patients (58.33%). Mean CT severity score during
the early, intermediate and late phase diseases were 4.14+2.12,
14.71+4.80 and 11.08+4.68, respectively. Along with few
existing signs described in COVID-19 disease, two signs during
the late phase disease were observed such as target sign in
5 patients (13.88%) and centipede sign in 13 patients (36.11%).
Splenomegaly was an additional extrapulmonary finding seen in
27 patients (24.5%) which has not been described previously.

Conclusion: Specific imaging patterns during the course of COVID-
19 illness provide an information regarding the stage of the illness
and disease severity. Ideal timing of chest CT is found to be during
the intermediate phase of disease (5-12 days of symptom onset),
since most of the lesions evolve in this period and provide accurate
disease severity which in turn helps in treatment planning.

interstitial inflammation and consolidations have been described [4].
Previous studies on COVID-19 pneumonia have described GGOs
and consolidations as predominant CT chest findings [5,6].

A better understanding about the imaging finding of COVID-19
pneumonia will help to identify the stage of the disease. Initiation of
antiviral therapies in the early stages of the disease decreases the
duration of illness and prompts early recovery [7]. In the present studly,
imaging findings were analysed during different phases of COVID-19
infection and severity using CT severity score was assessed.

MATERIALS AND METHODS

This was a retrospective observational study conducted at Hassan
Institute of Medical Sciences, Hassan, Karnataka, India from July-
August 2020 for a period of two months. The study was approved by
the Institutional Ethical Committee (IEC/HIMS/RR171) and the need
for informed consent was waived. The study included 110 patients
who were positive for COVID-19 infection by RT-PCR test and were
admitted in the hospital. The duration of hospital stay during which
the CT chest was performed ranged from 2 to 16 days.
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Inclusion Criteria

RT-PCR positive patients with COVID-19 disease who had
undergone at least one chest CT during the hospital stay. CT chest
was performed as per the clinician decision (based on clinical
assessment) and suspicion for COVID-19 infection on chest x-ray
which was performed for all hospitalised patients in their respective
COVID wards.

Exclusion Criteria

Patients with pre-existing lung disorders were excluded. Based on
the duration of onset of symptoms to the time of CT scan, the sample
population was divided into. Early phase (<5 days), Intermediate phase
(56-12 days duration), Late phase (>12 days after the date of symptom
onset). The CT imaging characteristics in these different phases were
evaluated. CT was performed using 16-slice Multi Detector Computed
Tomography (MDCT) scanner (Philips MX-16). All patients underwent
non-contrast CT scan of the thorax in supine position and during
end inspiration. The following parameters were used: Tube voltage
of 100-120 kV; tube current-exposure time product of 200-300 mAs;
and section thickness of 1.25 mm. The CT imaging patterns were
described according to the internationally standard nomenclature
defined by the Fleischner Society and peer-reviewed literature on viral
pneumonia [8,9]. The CT images were evaluated for the presence of
GGO, consolidation, reticular pattern, mixed pattern (combination of
GGO and consolidation), fibrotic bands, and other findings. Various
chest CT signs described in COVID-19 infection were also observed
in the present study [10]. Target sign is seen as a ring like peripheral
opacity with central small ground glass attenuation [11]. Centipede
sign is seen in late phase of the disease represents resolving subpleural
curvilinear consolidation of varying length with small reticular shadows
on either side which has not been described previously.

CT severity score: A semi-quantitative scoring system was used to
assess the percentage of lung involvement in each of the five lobes
[12]. Depending on the percentage of lung parenchymal involvement,
each of the five lung lobes will be visually scored on a scale of O to
5, with score 0 indicating no involvement; 1 for <5% involvement;
2 indicating 5%-25% involvement; 3 for 26%-49% involvement;
4 signifies 50%-75% involvement; and 5 indicating more than 75%
involvement. The total CT score was determined as the sum of
lung involvement, ranging from O (no involvement) to 25 (maximum
involvement). The severity of lung parenchymal involvement on CT
scan was classified on a three-point ordinal scale: grade one with
score of 1-8, grade two with score of 9-15 and grade three with
score of 16-25 [13].

STATISTICAL ANALYSIS

Quantitative and Qualitative data were recorded using Microsoft
Excel Spread Sheet (2010). Descriptive statistics for quantitative
data were expressed using percentage, range, means and standard
deviation (mean+SD).

RESULTS

A total of 110 COVID-19 positive patients with mean age of
48.33+9.18 years (range between 22-84 years) were included in
the study. Thirty one of the 110 patients (28.18%) were females and
79 patients (71.81%) were males. Thirteen patients (11.8%) were
found to be asymptomatic. Among symptomatic patients, the most
common presentations were fever (46.36%) and cough (40.90%)
followed by breathlessness (32.72%) [Table/Fig-1].

Nineteen (17.27%) patients in the early phase disease had no
chest CT findings. Out of 91 chest CT positive patients, 13 patients
(14.28%) were asymptomatic and 78 patients were symptomatic
(85.71%). The imaging findings observed in CT positive patients is
depicted in [Table/Fig-2]. Among the CT positive patients, early phase
disease constituted 34 (37.36%) patients, 21 (23.07%) patients were
in the intermediate phase and 36 (39.56%) patients in the late phase

Characteristics Number (n=110)
Age (years)

Mean+SD 48.33+9.18
Range 22-84 years
Sex

Male 79 (71.81%)
Female 31 (28.18%)
Symptoms*

Asymptomatic 13 (11.8%)
Fever 51 (46.36%)
Cough 45 (40.90%)
Breathlessness 36 (32.72%)
Others (myalgia, sore throat and diarrhea) 18 (16.36%)
Phase of illness (Based on the duration of symptom onset)

Early phase <5 days 53 (48.18%)
Intermediate phase (5-12 days) 21 (19.09%)
Late phase (>12 days) 36 (32.72%)
[Table/Fig-1]: Demographic and clinical characteristics of the study group.
*more than one symptom present

Characteristics (CT positive patients) Number
Pattern of lesion distribution (n=91)

Peripheral 57 (62.63%)
Both central and peripheral 34 (37.36%)
Lesions observed in each phase

Early phase (n=34)

Peripheral 28 (82.35%)
Both central and peripheral 6 (17.64%)
Ground glass opacities alone 27 (79.41%)
Ground glass opacities + Consolidations 7 (20.58%)
Intermediate phase (n=21)

Ground glass opacities alone 2 (9.52%)
Ground glass opacities + Consolidations 10 (47.61%)
Consolidations alone 7 (33.33%)
Consolidations + Fibrotic bands 2 (9.52%)
Late phase (n=36)

Ground glass opacities alone 5 (13.88%)
Ground glass opacities + Consolidations 10 (27.77%)
Consolidations + Fibrotic bands 21 (58.33%)
Signs during the early phase (n=34)

Microvascular dilatation 15 (44.11%)
No sign 19 (65.88)
Signs during the Intermediate phase (n=21)

Organising pneumonia 9 (42.85%)
No sign 12 (67.14)
Signs during the late phase (n=36)

Subpleural transparent line 18 (50%)
Target sign 5 (13.88%)
Centipede sign 13 (36.11%)
Mean CT severity score

Early phase (<5 days) 4144212
Intermediate phase (5-12 days) 14.71+4.80
Late phase (>12 days) 11.08+4.68

[Table/Fig-2]: Chest CT imaging characteristics of the study group.

disease. Early phase disease was predominantly characterised by
GGO which was seen in 27 patients (79.41%), gradual conversion of
these GGOs into consolidations during the intermediate phase [Table/
Fig-3]. Microvascular dilatation sign was observed during the early
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phase disease in 15 patients (44.11%) [Table/Fig-3]. Consolidations
with well-defined rounded margins representing nodular pattern of
organising pneumonia were observed during the intermediate phase
[Table/Fig-3]. Consolidations with fibrotic bands were predominant
imaging patterns during the late phase disease seen in 21 patients
(568.33%) [Table/Fig-4]. Along with subpleural transparent line seen
in 18 patients (50%) and two new signs were observed during the
late phase disease such as target sign in 5 patients (13.88%) and
centipede sign in 13 patients (36.11%) [Table/Fig-4].

[Table/Fig-3]: (a)

opacity (arrow) in left lower lobe with; (b) Microvascular dilatation sign (arrow) during
early phase disease; (c) Multifocal round consolidations (arrow) in bilateral lung
representing the nodular pattern of organising pneumonia seen during intermediate
phase of illness.

Out of total 91 CT chest positive patients, 31 patients (91.17%) in
the early phase had a CT severity score of less than 8 indicating
mild disease and three patients (8.82%) had CT scores in the range
of 8-15. Eleven patients (52.38 %) in the intermediate phase had
severe disease with a severity score of more than 15, seven patients
(33.33%) had scores in the range of 8-15 and three patients
(14.28%) had a score of less than 8. Seventeen patients (47.22%)
in the late phase had moderate disease with signs of absorptive
phase. Eleven patients (30.55%) in the late phase had a score of
less than 8 and severe disease with score of more than 15 was seen
in eight patients (22.22%). The mean CT severity score was more
during the intermediate and late phases of disease as summarised
in [Table/Fig-2].

Splenomegaly was an additional extrapulmonary finding seen in
the upper abdominal sections of 27 patients (24.5%) which has not
been described previously [Table/Fig-5].

DISCUSSION

In this study, chest CT findings were retrospectively evaluated to
determine the stage and severity of COVID-19 disease. Present
study results suggest that the infection was less severe during the
early phase and progresses during the intermediate and late phase
of disease. Specific signs have been described to accurately identify
the stage of the disease. Nineteen patients (17.27%) in the early
phase disease (<5 days) had no chest CT findings. Similar negative
chest CT findings were seen in other studies during the early phase
of illness [Table/Fig-6] [14-16]. Ideal timing of chest CT appears to be
after 5 days of symptom onset since all the patients in intermediate
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[Table/Fig-4]: (a) Axial sections of the CT thorax shows mixed resolving consolidations
and fibrotic changes in left lower lobe; (b) Subpleural transparent line (arrow) just adjacent
to linear consolidation band; () Subpleural curviinear consolidation (arrow); (d) Reticular
shadows (arrow) on either side representing centipede sign; () Target sign seen as a
peripheral ring like opacity (arrow); (f) Central small ground glass attenuation representing
a dilated microvasculature (arrow).
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[Table/Fig-5]: Visualised upper abdominal section of the CT thorax shows mildly
enlarged spleen.

Early phase CT Bhandari S Hu Qetal., PanF et al., Present
findings et al., [14] [15] [16] study
No CT findings 36.25% 4.34% 16.66% 17.27%
Peripheral location 52.94% 65.22% 54.16% 82.35%
Ground Glass o o o o
Opacities (GGO) 49.01% 39.13% 75% 79.41%

[Table/Fig-6]: Comparison of early phase CT findings with previous studies [14-16].

phase shows lung involvement. Semi-quantitative CT scoring helps
to know the severity of different phases of COVID-19 disease. A
previously validated CT severity scoring system was used which is
based on the extent of lobar involvement as reported by Pan F et al.,
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[16]. A three-point ordinal scale was derived to grade the CT severity
score based on the results given by Francone M et al., [13]. Mean
CT severity score in mild, severe and critical categories were 8.7+4,
17.4+£3.1 and 20.3+3, respectively [13]. Two grades were used by
Bhandari S et al., to classify patients into mild and severe group
with scores less than 15 indicating mild infection and severe disease
with scores more than 15 [14]. The intermediate phase between
5-12 days of symptom onset is crucial and is characterised by
expansion of the GGOs with consolidations and increasing severity
score. The typical findings in this stage include nodular pattern of
organising pneumonia. This stage in particular is important for
initiation of antiviral therapies and close monitoring [15].

Patients who had recovered from COVID-19 pneumonia presented
with severe disease on CT at approximately 10 days after initial
onset of symptoms indicating peak stage. Absorptive stage with
improvement in chest CT signs began at approximately 14 days after
the onset of initial symptoms [16]. Signs in the each of these three
different phases has been described indicating the evolution of the
lesions from early to late stage. Along with subpleural transparent line,
target sign and centipede sign are indicative of late phase of infection.
The temporal changes of the radiological manifestations followed a
specific pattern, which might indicate the progression and recovery
of the iliness [17]. A long term follow-up of moderate and severe
disease patients is required to know the duration of radiological
recovery and whether there is persistence of fibrotic changes.

Limitation(s)

Relatively small sample size in different phases of COVID-19 disease,
warrants further study with larger study group. Only hospitalised
patients were included resulting in possible selection bias. Follow-
up of the patients was not included.

CONCLUSION(S)

Being familiarised with the chest CT findings of COVID-19 pneumonia
will help to identify the stage of the disease and assess severity.
Chest CT imaging is found to be useful in identification of disease
progression or signs of improvement. Patients can be categorised
based on the CT severity score and patients with severe disease
can be started on early antiviral therapy.

REFERENCES

[1] Mohapatra RK, Pintilie L, Kandi V, Sarangi AK, Das D, Sahu R, et al. The recent
challenges of highly contagious COVID-19, causing respiratory infections:
Symptoms, diagnosis, transmission, possible vaccines, animal models, and
immunotherapy. Chem Biol Drug Des. 2020;00:01-22.

[2] WHO. 11" August 2020. Coronavirus disease 2019 (COVID-19), situation
report - 204.

[3] AT, Yang Z, Hou H, Zhan C, Chen C, Lv W, 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(2):E32-40.

[4] Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, et al. Clinical features of
patients infected with 2019 novel coronavirus in Wuhan, China. Lancet.
2020;395(10223):497-506.

[5] Kanne JP. Chest CT findings in 2019 Novel Coronavirus (2019-nCoV)
infections from Wuhan, China: Key points for the radiologist. Radiology.
2020;295(1):16-17.

[6] PanY, GuanH, Zhou S, Wang, Li Q, Zhu T, 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(6):3306-09.

[71 Wu J, Li W, Shi X, Chen Z, Jiang B, Liu J, et al. Early antiviral treatment
contributes to alleviate the severity and improve the prognosis of patients with
novel coronavirus disease (COVID-19). J Intern Med. 2020;288(1):128-38.

[8] Hansell DM, Bankier AA, MacMahon H, McLoud TC, Muller NL, Remy
J. Fleischner Society: Glossary of terms for thoracic imaging. Radiology.
2008;246(3):697-722.

[9] Koo HJ, Lim S, Choe J, Choi SH, Sung H, Do KH. Radiographic and CT features
of viral pneumonia. Radio Graphics. 2018;38(3):719-39.

[10] Zhou S, Wang Y, Zhu T, Xia L. CT features of Coronavirus Disease 2019
(COVID-19) pneumonia in 62 patients in Wuhan, China. AJR Am J Roentgenol.
2020;214(6):1287-94.

[11] Muller CIS, Muller NL. Chest CT target sign in a couple with COVID-19
pneumonia. Radiol Bras. 2020;53(4):252-54.

[12] Li K, Wu J, Wu F, Guo D, Chen L, Fang Z, et al. The clinical and chest CT
features associated with severe and critical COVID-19 pneumonia. Invest Radiol.
2020;55(6):327-31.

[13] Francone M, lafrate F, Masci GM, Coco S, Cilia F, Manganaro L, et al. Chest CT
score in COVID-19 patients: Correlation with disease severity and short-term
prognosis. Eur Radiol. 2020;1-10.

[14] Bhandari S, Rankawat G, Bagarhatta M, Singh A, Singh A, Gupta V, et al.
Clinico-radiological evaluation and correlation of CT chest images with progress
of disease in COVID-19 patients. J Assoc Physicians India. 2020;68(7):34-42.

[15] Hu Q, Guan H, Sun Z, Huang L, Chen C, Ai T, et al. Early CT features and
temporal lung changes in COVID-19 pneumonia in Wuhan, China. Eur J Radiol.
2020;128:109017.

[16] PanF, Ye T, Sun P, Gui S, Liang B, Li L, et al. Time course of lung changes at
chest CT during recovery from Coronavirus Disease 2019 (COVID-19). Radiology.
2020;295(3):715-21.

[17] Wang Y, Dong C, Hu Y, Li C, Ren Q, Zhang X, et al. Temporal changes of CT
findings in 90 patients with COVID-19 pneumonia: A longitudinal study. Radiology.
2020;296(2):E55-64.

PARTICULARS OF CONTRIBUTORS:

g pH N

NAME, ADDRESS, E-MAIL ID OF THE CORRESPONDING AUTHOR:

Dr. Sachin Thammegowda,

Senior Resident, Department of Radiology, Hassan Institute of Medical Sciences,
Hassan-573201, Karnataka, India.

E-mail: tsachin67@gmail.com

AUTHOR DECLARATION:

e Financial or Other Competing Interests:
* Was Ethics Committee Approval obtained for this study? Yes

¢ Was informed consent obtained from the subjects involved in the study? No
L]

None

For any images presented appropriate consent has been obtained from the subjects.

Senior Resident, Department of Radiology, Hassan Institute of Medical Sciences, Hassan, Karnataka, India.
Associate Professor, Department of Radiology, JSS Medical College and Hospital, Mysuru, Karnataka, India.
Assistant Professor, Department of Radiology, Hassan Institute of Medical Sciences, Hassan, Karnataka, India.
Senior Resident, Department of Radiology, Hassan Institute of Medical Sciences, Hassan, Karnataka, India.
Senior Resident, Department of Radiology, Hassan Institute of Medical Sciences, Hassan, Karnataka, India.

PLAGIARISM CHECKING METHODS: Vantietal]
e Plagiarism X-checker: Sep 22, 2020

* Manual Googling: Oct 10, 2020

¢ iThenticate Software: Oct 23, 2020 (15%)

ETYMOLOGY: Author Origin

Date of Submission: Sep 21, 2020
Date of Peer Review: Sep 30, 2020
Date of Acceptance: Oct 10, 2020
Yes Date of Publishing: Jan 01, 2021

International Journal of Anatomy, Radiology and Surgery. 2021 Jan, Vol-10(1): RO13-RO16

www.ijars.net . l


http://europeanscienceediting.eu/wp-content/uploads/2016/11/ESENov16_origart.pdf

