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Abstract

Purpose: Objective of our study is to evaluate the spectrum of pulmonary findings on CT chest in patients with COVID-19
associated pneumonia on initial CT chest and its association with duration of hospital stay and 30 days mortality.
Methodology: A retrospective cross sectional study was conducted from 1/1/2021 to 12/11/2021. Patients with positive PCR
test were included in our study. CT chest features at initial presentation and CT severity score were evaluated and association
was assessed with duration of hospital stay and 30 days mortality.

Results: Out of total of 203 confirmed PCR positive bilateral lung involvement was observed in 201(99%) patients? In 145
patients (71.4%) the distribution of disease in axial plane was peripheral. Mean total score of lung severity was 13.04 with
5.332 standard deviation. 51 patients (25.1%) had mild disease, 90(44.3%) had moderate disease and 62(30.5%) had severe
disease. 32(15.8%) had ground glass opacities, 151(74.4%) had ground glass opacities and consolidation and 16(7.9%) had
consolidations only. Mean of hospital stay was 10.94 days with 8.994 standard deviation. One month mortality was observed
in 3 patients with mild disease, 30 patients with moderate disease and 27 patients with severe disease (p<0.001) on initial
CT chest.

Conclusion: Patients with COVID-19 associated pneumonia have certain typical features on CT chest, knowledge of which can
help in rapid screening of such patients. CT severity score can aid in determining the extent and severity of disease. It can be
used as a predicting factor for assessing the duration of hospital stay and mortality.
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Introduction

Novel coronavirus infection emerged as pneumonia of
unknown cause from Wuhan city of Hubei province of China
[1,2]. It caused a new type of corona virus named as severe
acute respiratory syndrome corona virus 2(SARS-CoV-1)
and labelled as COVID-19 by World Health Organization [3].
WHO declared this outbreak as global health emergency on
30" January 2020 [4].

Spectrum of Findings of COVID-19 Associated Pneumonia on Initial Computed Tomography Chest

and their association with duration of Hospital Stay and 30 days Mortality

Standard testing for SARS-CoV-2 is Real-time reverse
transcription polymerase chain reaction (RT-PCR) [5]. Some
patients with COVID-19 infection may not be detected by
RT-PCR [6]. Two of the main reasons indicated in literature
are inadequate cellular content and improper separation of
nucleic acid from clinical material [7]. Also the RT-PCR test
might not be readily available in emergency and their results
may not be available immediately.
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Ai T, et al. in their study showed CT chest to have 97%
sensitivity for detecting COVID-19 associated pneumonia.
Also they revealed the mean interval between negative
RT-PCR test and subsequent positive RT-PCR test to be
approximately 5 days [8]. For this reason high resolution
CT chest has been indicated as main modality for diagnosis
and screening of COVID-19 pneumonia. This is true for
patients who have been symptomatic for more than 3 days
[9]. Furthermore it is also the main tool for assessment of
disease severity [10].

Specific imaging features of COVID-19 associated
pneumonia has been observed on chest X-ray and computed
tomography (CT) chest [11-22]. Most common presentation
of COVID-19 associated pneumonia on CT chest is ground
glass haze with right and left lower lobe involvement (40-
83%). Unilateral lung involvement may be manifested in
early disease stages of COVID-19 associated pneumonia
[23]. A review published by expert panel published in March
2020, most common CT chest finding of COVID-19 associated
pneumonia was organizing pneumonia pattern [24,25]. A
study by Shirani et al revealed reverse halo sign (atoll sign)
to be reported in many COVID-19 cases. Reverse halo sign is
defined as rounded area of ground glass haze surrounded by
consolidation [26].

RSNA has proposed four categories for standardized
reporting of COVID-19 associated pneumonia [27]. Typical
appearances include: Bilateral, peripheral ground glass
opacities; associated with/without consolidation or crazy
paving pattern. Multifocal ground glass opacities associated
with/without consolidation or crazy paving pattern. Atoll sign
(reverse halo sign) or organizing pneumonia. Indeterminate
appearance include absence of the typical appearances with
presence of multifocal, diffuse, unilateral or perihilar ground
glass opacities, with/without consolidation that are lacking
any specific distribution pattern. Few small ground glass
opacities which are not rounded with distribution that is
not peripheral. Atypical appearances include absence of the
typical or indeterminate features with presence of isolated
consolidation in lobar or segmental distribution and absence
of ground glass opacities. Other atypical features include
pulmonary nodules, lung cavities, and pleural effusion
with smooth interlobular septal thickening. Negative for
pneumonia means no features of pneumonia on CT chest.

Kwee and Kwee in their publication revealed the CT
chest abnormalities with >70% incidence include: ground
glass opacity, vascular enlargement, bilateral and lower
lobe involvement. The CT chest abnormalities with 10-70%
incidence include consolidation, linear opacities, reticulation,
crazy paving pattern, air bronchogram, pleural thickening,
halo sign, bronchiectasis, nodules, thickening of the bronchial
wall and atoll sign. CT chest findings with <10% incidence
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include central distribution, pleural effusion, pericardial
effusion, lung cavity and lymphadenopathy [28]detection of
complications, and prognostication of coronavirus disease
2019 (COVID-19. Salehi, et al. mentioned the frequencies of
COVID-19 associated CT chest findings as follows: ground
glass opacity (88%), consolidation (31.8%), bilateral lung
involvement (87.5%) and peripheral distribution (76%)
[29].

Early diagnosis of the disease is indispensable for timely
management, early patient isolation; thus preventing the
spread of this communicable disease. Most studies and
reports of CT manifestations of COVID-19 pneumonia are
from China followed by European countries. Itis not evidently
clear if their CT findings of COVID-19 associated pneumonia
are similar to findings of our Pakistani population. Thus the
objective of our study is to evaluate the spectrum of lung
pattern on CT chest in patients with COVID-19 associated
pneumonia on initial CT chest. Also we will assess the
association of duration of hospital stay and 30 days mortality
with initial CT chest findings.

Materials and Methods

A retrospective cross sectional study was conducted
from 1/4/2020 to 3/12/2020. Ethical Committee approval
was obtained. Patient sampling was consecutive. A total of
203 patients with clinical features of COVID-19 infection and
positive PCR test were included in the study. Our inclusion
criteria include:

1. Positive RT-PCR for corona virus
2. CT chest showing evidence of COVID-19 associated
pneumonia.

Patient underwent CT scan chest with 1mm slice
thickness using 128 slice multidetector CT scanner. Follow
up scans were not analyzed in our study. All CT images were
reviewed by at least 2 consultant Radiologists with at least 5
years’ experience. CT chest findings were evaluated for:

a. Lobar location
b. Distribution (Central- involvement of 2/3™ of lung,
predominantly perihilar.
Peripheral-involvement of peripheral 1/3" of lung
predominantly subpleural)

c. Type of opacity (ground glass opacity(GGO),
consolidation)

d. Parenchymal bands, reticulations, interlobular septal
thickening
Cavitation

Pleural effusion

Mediastenal or hilar lymphadenopathy

Underlying lung disease

Others (air bronchogram, pleural thickening, reverse
halo, dilated bronchi, and thickened vessels).
Involvement of lung was assessed by assigning score to

= R
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each lobe as follows [30,31]:
Score 0: 0% involvement
Score 1: <5% involvement
Score 2: 5-25% involvement
Score 3: 25-50% involvement
Score 4: 50-75% involvement
Score 5: >75% involvement

Overall involvement of lung parenchyma was provided
by adding of each lobe score. Maximum score for bilateral
lung involvement was 25. As departmental consensus we
assigned score <8 as mild disease, 9-15 as moderate disease
and >15 as severe disease. Statistical analysis was done using
SPSS version 22.

Results

A total of 203 confirmed PCR positive COVID patients
with COVID associated pneumonia on CT chest were
included in our study. 152 patients were male (74.9%) and
51 were female (25.1%). Mean age was 56.9 years with
standard deviation of 14.1. Highest number of patients were
between 51-60 years age range. Bilateral lung involvement
was observed in 201(99%) patients. Unilateral right lung
involvement was seen in 1 patient (0.5%) and unilateral left
lung involvement in 1 patient (0.5%). Right upper lobe was
involved in 161 patients, right middle lobe in 183 patients,
right lower lobe in 197,left upper lobe in 180, left lower lobe
in 197 patients. In 145 patients (71.4%) the distribution of
disease in axial plane was peripheral. 58 patients (28.6%)
had peripheral and central distribution. Mean total score of
lung severity was 13.04 with 5.332 standard deviation. 51
patients (25.1%) had mild disease, 90(44.3%) had moderate
disease and 62(30.5%) had severe disease.

203 patients had lung opacities, out of which 32(15.8%)
had ground glass opacities, 151(74.4%) had ground glass
opacities and consolidation and 16(7.9%) had consolidations
only. 45 patients (22.2%) had crazing paving pattern.
135 patients (66.5%) had interlobular septal thickening,
30(14.8%) had air bronchogram. Pleural thickening was
seen in 8(3.9%) patients. Traction bronchiectasis was seen
in 9(4.4%). 24(11.8%) had purely fibrotic changes. 3 had
honey combing (1.5%). 18 patients (8.9%) had pleural
effusion. 3 (1.5%) had pneumomediastenum. Reverse halo
was observed in only 1 patient (0.5%). Dilated bronchi
in 26(12.8%) patients. Thickened vessel was observed
in 6 patients (3%). Previous underlying lung disease was
observed in some of patients with 1 patient with history of
pulmonary tuberculosis, 3 with interstitial lung disease, 1
with asthma and 2 with COPD. Tables1 and Table 2 shows
cross tabulation between opacity, crazy paving and disease
severity and their chi square values.
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Disease severity
Total
Mildmoderate| severe
GGO 15 12 5 32
_ |GGO+consolidation| 26 72 53 151
Opacity
Consolidation 6 6 4 16
None 4 0 0 4
Total 51 90 62 203
Chi-Square Tests
Asymp. Sig.
Value | Df (2-sided)
Pearson Chi-Square |27.086%| 6 0
Likelihood Ratio 25.815| 6 0
Linear-by-Linear 0.605 | 1 0.437
Association
N of Valid Cases 203

a. 5 cells (41.7%) have expected count less than 5. The
minimum expected count is 1.00.
Table 1: opacity * Disease severity Cross tabulation.

Count
Disease severi
v Total
Mild | moderate | severe
) Yes 1 17 27 45
crazy pavin
YPavIig "o | 50 73 35 | 158
Total 51 90 62 203
Chi-Square Tests
Asymp. Sig.
Value Df (2-sided)
Pearson Chi-Square | 29.0572 2 0
Likelihood Ratio 32.794 2 0
Llnear-b'y-L'.mear 28.484 1 0
Association
N of Valid Cases 203

a. 0 cells (.0%) have expected countless than 5. The minimum
expected countis 11.31.
Table 2: crazy paving * Disease severity Cross tabulation.

Mean of hospital stay was 10.94 days with 8.994
standard deviation. Minimum period of hospital stay was
Odays and maximum period was 40 days. One month
mortality was observed in 3 patients with mild disease, 30
patients with moderate disease and 27 patients with severe
disease (p<0.001) on initial CT chest. Tables 3-5 shows cross
tabulation of hospital stay in days and one month mortality
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of patients with mild, moderate and severe disease on initial Count
CT and imaging characteristics. one month
mortality Total
Disease severity Total Yes No
Mild |Moderate | Severe Mild 3 48 51
not admitted 31 14 1 46 ?;32?;3 Moderate 30 60 90
1-7d 15 10 9 34
Hospital e Severe 27 35 62
8-14days 45 8 58
stay Total 60 143 203
15-30 days 21 39 60
>30 days 0 5 5 Chi-Square Tests
Total 51 90 62 203 Asymp. Sig.
Value Df (2-sided)
Chi-Square Tests Pearson Chi- 20175+ , 0
Asymp. Sig. Square '
Value Df (2-sided)
side Likelihood Ratio 24.16 2 0
Pearson Chi-Square 130.641° 0 . .
Linear-by-Linear 1 5 1
Likelihood Ratio 139.262 0 Association 8.30 0
Linear-by-Linear 88.611 1 0 N of Valid Cases 203
Association
N of Valid Cases 203 a. 0 cells (.0%) hlave expected count less than 5. The minimum
expected count is 15.07.

a. 3 cells (20.0%) have expected count less than 5. The

Table 4: Disease severity * one month mortality Cross

minimum expected count is 1.26. tabulation.
Table 3: Hospital stay * Disease severity Crosstabulation.
. - Hospital stay(days) 1 month
Imaging characteristics P value . P value
7-Jan | 14-Aug | 15-30 | >30 mortality

GGO 9 9 8 6 0 4

GGO+ consolidation 28 25 45 48 5 50
1. Opacity — 0.17 0.056

Consolidation 5 0
None 4 0
2. Crazy paving 5 12 20 1 0.096 15 0.325
3. Interlobular 22 | 22 36 51 4 | 0002 47 0.14
septal thickening

4. Air bronchogram 6 3 8 12 1 0.641 8 0.445
5. Thickened vessel 0 0 3 3 0 0.348 1 0.427
6. Pleural thickening 1 1 4 2 0 0.723 4 0.182
7. Pleural effusion 2 4 7 4 1 0.497 3 0.163
8. Fibrosis 8 5 6 5 0 0.536 5 0.228
9. Reverse halo 0 0 0 1 0 0.664 0 0.704

Peripheral 45 25 50 25 0 33
10. Distribution 0 0.001

Peripheral+ central 1 9 8 35 5 31

Table 5: Imaging characteristics in relation with hospital stay.
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Discussion

CT chest is a very useful complementary tool to RT-PCR
for the diagnosis of COVID-19 associated pneumonia. The
main reason for this being increased sensitivity and rapidity.
The typical features of COVID-19 associated pneumonia
are ground glass opacities with/without consolidation or
crazy paving pattern in bilateral distribution and peripheral
predominance [13,28, 31,32].

We comprehensively analyzed the spectrum of features of
203 patients of COVID-19 associated pneumonia on CT chest,
degree of severity and CT severity score on initial CT chest
which will help radiologist and clinicians in understanding
CT features to reach accurate and rapid diagnosis. Also we
presented our research findings in our 37% Pakistan Annual
Radiology Conference. One major limitation of our study is

limited sample size.

Most of our patients were in the older age group.
Majority of patients had bilateral, multiple lobe pulmonary
involvement with peripheral predominance. Ground grass
opacities with consolidations was the main feature in
our patients (Figures 1,2). On cross tabulation between
disease severity and hospital stay and 30 days mortality
and applying Chi square test our P value was <0.001. This
implies that disease severity on basis of CT score can be
a predictor of duration of hospital stay and one month
mortality. A strength of this study is that we relied on CT
chest findings for assessing the patients stay in hospital and
one month mortality. Our results (p <0.001) suggested that
triage with chest CT can be a very useful tool for COVID-19
patients.

Figure 1: The CT chest of a COVID-19 positive patient shows bilateral peripheral ground glass haze.

Figure 2: Bi basal peripheral consolidations in a COVID-19 positive patient.

Ahlstrand E, et al. in their study on role of visual
scoring of CT chest at hospital admission in predicting
hospitalization and ICU admission in COVID-19 patients
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revealed CT severity score and age as significant predictors
for ICU admission and mortality [33]. Our study showed
male predominance with 74% male and 25.4% female. This
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was similar to study by Xiang C, et al. [34]. Other studies
show no such gender predominance [31,35]. One possible
reason for this may be our limited sample size. 99% of our
patients showed bilateral lung involvement with peripheral
distribution in 72% patients. Chung, et al. and Shi, et al. [31]
China. We aimed to describe the CT findings across different
timepoints throughout the disease course. Methods: Patients
with COVID-19 pneumonia (confirmed by next-generation
sequencing or RT-PCR reported bilateral distribution in
88.9% and 79% patients respectively [31,36]. The later
study showed peripheral distribution in 54% of patients.
Possible cause of bilateral lung involvement may be high
viral load. The cause for peripheral predominance appear
to be the ability of the virus to reach deep into the terminal
bronchioles and alveolar spaces [37]such as severe acute
respiratory syndrome coronavirus (SARS-CoV. Multiple
lobes and multiple segments were commonly involved in our
study. The lower lobes were more commonly involved with
right and left lower lobe involvement in 95% of our patients.
Xiang C, et al. reported multiple lobe involvement with lower
lobe predominance. The lower lobe bronchi being relatively
straight makes it easy for the virus to reach the lower lobe
and affect them [31].

Ground glass opacity with consolidation was found
in 72.2% of our patients, isolated consolidation was seen
7.7% of patients only. Other features included crazy paving,
interlobular septal thickening, air bronchogram, dilated
bronchi and thickened vessels. Similar CT chest findings were
observed in study by Xiang C, et al. Ding X, et al. and Yu M, et
al. [37-39]. Such CT chest features were appreciated in MERS
and SARS [40]. Pleural effusion appeared in 8.6% of our
patients which could be related to the infection or fluid over
load. Very few of our patients showed pneumomediastenum
which is likely iatrogenic secondary to intubation. In a case
control study by S.M.H. Tabatabaei, et al. pleural effusion was
observed in 40% of patients on CT chest of COVID-19 patients
that expired and 3.3% of patients that were discharged [41].

Interestingly we found in our study that 11.2% of our
patients showed purely fibrotic changes in the initial CT chest
with 1.5% patients showing honey combing. This percentage
is higher and in contradiction to typical lung findings seen
in other studies. Further studies need to be carried out on
to identify its cause. Also local study needs to be carried out
on larger population with assessment of disease progression
on CT chest.

Conclusion

Knowledge of typical CT chest findings can help
in rapid screening of suspected patients of COVID-19
associated pneumonia. Ground glass opacity with or without
consolidation with bilateral lung involvement are the main
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characteristics of the disease. Disease severity assessment is
very important part of CT report of COVID-19 patients as it
can be an indicator for clinicians to timely change the course
of management for COVID-19 patients. It can be used as a
predicting factor for duration of hospital stay and one month
mortality.
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