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Abstract

Context: Paucity of literature of portable CXR findings in COVID-19. Aims: Evaluate radiographic findings in COVID-19 patients
and calculate sensitivity of radiographs with RT-PCR as gold standard. Subjects and Methods: Total 116 COVID-19 patients
underwent portable CXR between April-June, 2020. Two radiologists reviewed radiographs with respect to laterality, craniocaudal,
mediolateral distribution, shape, density, unifocality/multifocality and number of lung zones. Sensitivity of radiography was calculated
with RT-PCR as gold standard. Statistical Analysis Used: IBM SPSS Statistics Subscription software (IBM, New York, USA).
Results: Many patients 67.2% (78/116) were asymptomatic. Cough (21.5%, 25/116) and fever (17.6%, 20/116) were the most frequent
symptoms. 36.2% (42/116) patients revealed COVID-19 pneumonia-like abnormalities on CXR. Sensitivity of CXR with RT-PCR as
gold standard was 36.2% (Cl: Confidence interval = 27.46% - 44.95%). More patients in symptomatic group (68.4%, 26/38) had
abnormal CXR compared to asymptomatic group (20.5%, 16/78) [P < 0.0001]. Radiographs revealed both unilateral (57.1%, 24/42),
bilateral (42.8%, 18/42), GGO (80.9%, 34/42), or consolidation (11/42, 26.1%) in a middle (57.1%, 24/42), lower zone (83.3%,
35/42) and peripheral distribution (78.5%, 33/42). Lesions were commonly patchy (88%, 37/42) and multifocal (59.5%, 25/42).
Majority had single (40.4%, 17/42) or two zone (35.7%, 15/42) involvement. Conclusions: Significant number of COVID-19 patients
were asymptomatic. Over 1/3™ of patients showed radiographic abnormalities. Symptomatic patients were more likely to show
radiographic findings than asymptomatic patients. If radiographs identify pneumonia in appropriate clinical setting, CT can be
avoided. Common radiographic abnormalities among COVID 19 patients were bilateral/unilateral, patchy, multifocal, ground glass
opacity or consolidation in peripheral and middle/lower zone distribution.
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Introduction with comorbidities and elderly age.™ This outbreak can be
traced to a cluster of 27 pneumonia cases with unknown

Coronavirus disease-19 (COVID-19) is a new global
This is an open access journal, and articles are distributed under the terms of

pandemlc of viral pneumonia with common symptoms of the Creative Commons Attribution-NonCommercial-ShareAlike 4.0 License,
fever, cough, and dyspnea, with high mortality in patients which allows others to remix, tweak, and build upon the work non-commercially,
as long as appropriate credit is given and the new creations are licensed under
the identical terms.
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etiology in Wuhan, China in December 2019 from where it
spread worldwide over a period of months.?

In radiology, the literature has focused primarily on
computed tomography findings of COVID-195¢ However,
due to infection control issues, the need of serial X-rays
in sick patients and those admitted in ICUs, and the
difficulties in CT room decontamination, portable chest
radiography (CXR) has been the most commonly utilized
modality in this pandemic,”! especially in low-resource
settings. Patients often need serial follow up to see the
progression of the disease, which can be most effectively
done by portable chest radiographs. As the prevalence of
COVID-19 increases, it is also imperative for clinicians of
all specialties to recognize COVID-19 features on CXR that
may be performed for other purpose. Few studies which
have described CXR findings in COVID-19 positive cases are
ground glass densities, bilateral lower lobe consolidations,
peripheral air space opacities and diffuse air space
disease. The studies which have described CXR findings are
only three till date with a maximum patient count of 64.51!

Subjects and Methods

We performed a retrospective observational study of 116
COVID-19 positive patients admitted in a tertiary care
Indian hospital in a state capital between April 1 to June
10, 2020. The retrospective study was approved by our
Institutional review board. COVID-19 infections were
confirmed through a reverse transcriptase polymerase
chain reaction (RT-PCR) assay of nasopharyngeal swabs
and throat swabs.

We aimed to describe the radiographic findings in
116 COVID-19 positive patients and determine the
sensitivity of radiography with RT-PCR as the gold
standard diagnostic test. All CXRs were acquired using
an Allegers Mars 15-30 portable CXR machine in the
isolation wards. Chest radiographs (CXR) were acquired
in the anteroposterior (AP) projection during the course of
hospitalization. Two radiologists (P.D, general radiologist
with 30 years of experience, Z.A. general radiologist with
7 years of experience) reviewed all the CXRs separately and
were blinded to the clinical details. Any discrepancy was
resolved with consensus later.

Distribution and characteristics of the lung changes on chest

radiographs was categorized into:

(1) Laterality: Right, left, or bilateral lung involvement

(2) Mediolateral distribution: Peripheral predominance,
central predominance, or no predominance

(3) Craniocaudal distribution: Upper zone, mid or lower
zone demarcated by upper 1/3'4, middle 1/3*¢, and lower
1/3 of the lung

(4) Shape of opacity—patchy, nodular, or confluent

(5) Density-Consolidation or ground glass opacity
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(6) Unifocal or multifocal
(7) Number of zones involved
(8) Presence or absence of pleural effusion

Statistical analysis was performed with IBM SPSS Statistics
Subscription software (IBM, New York, USA). The
sensitivity of CXR was calculated considering that CXR
was done during the course of admission and which were
interpreted as abnormal/or COVID-19 pneumonia , which
were then compared to the RT-PCR results by Pearson
Chi-squared test, the confidence interval was obtained too.
In this study, we also looked for any statistical significance
in the number of abnormal CXRs among the symptomatic
and asymptomatic groups applying Pearson Chi-squared
test. Statistical significance was defined as P <0.05.

Results

83.6% (97/116) of the patients were males and 16.4%
females (19/116) with a mean age of 32 years (range 2
months to 72 years). In our cohort, a large proportion of
patients, (78/116 patients — 67.2%) were asymptomatic.
Cough (25/116, 21.5%) and fever (20/116, 17.6%) were
the two most frequent symptoms, followed by sore
throat (7/116, 6%). Twenty-nine patients had at least one
known comorbidity. The most common comorbidities were
diabetes (9.5%) and hypertension (6.8%). All our patients
were admitted to isolation wards except for two, who were
admitted in ICU, one of whom later succumbed to the
illness [Table 1].

Forty-two patients (36.2%) demonstrated pneumonia-like
abnormalities on CXRs at some point during hospital stay.
Seventy patients (60.3%) demonstrated normal radiographs
while four patients demonstrated findings not related to
pneumonia. Among them, two patients revealed bilateral
basal emphysema, one patient revealed fibro-bronchiectatic
changes, and one patient revealed a lung cavitary lesion
which was presumed to be a preexisting lesion. The
sensitivity of CXR with RT-PCR as the gold standard was
therefore 36.2% [CI Confidence interval = 27.46-44.95%].
None of the patients had pleural effusion.

The symptomatic group showed higher proportion of
CXR abnormality (26/38, 68.4%), compatible with COVID
pneumonia, than in the asymptomatic group (16/78, 20.5%).
This difference was statistically significant (P < 0.0001).

Unilateral lung involvement was more common (57.1%,
24/42 patients with abnormal radiographs) than bilateral
involvement (42.8%, 18/42) [Figures 1 and 2]. Peripheral
distribution (78.5%, 33/42) was most common while central
distribution and neither central/peripheral distribution
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Table 1: Clinical Details (n=116) was found in 0% (0 in 42) and 21.4% (9/42) patients,
respectively [Figures 3 and 4]. Lower zone involvement was

most common (83.3%, 35/42), followed by mid zone (57.1%,

Percentage (number
of patients)

Gender 24/42) and upper zone involvement (7%, 3/42). The most
Male 83.6 (97/116) common shape of radiographiclesion was patchy (88%, 37/42)
Female 16.4 (19/116) followed by confluent (9.5%, 4/42) and nodular (4.7%, 2/42)

Age [Table 2]. Lesions were more commonly multifocal (59.5%,
0-10 3.4 (4/116)

10-20 8.6 (10/116)
20-30 48.3 (56/116)
30-40 12.1 (14/116)
40-50 6.8 (8/116)
50-60 11.2(13/116)
60-70 7.7 (9/116)
>70 1.7 (2/116)

Clinical feature

Fever 17.2 (20/116)
Cough 21.6 (25/116)
Sore throat 6(7/116)
Myalgia 5.2 (6/116)
Dyspnea 8(5/116)
Diarrhea 5.1(1/116)

Asymptomatic 67.2 (78/116)

Comorbidities
Hypertension 6.8 (8/116)

Diabetes mellitus 9.5(11/116)

Malignancy 2.6 (3/116)

Chronic obstructive airway disease or 1.7 (2/116)

asthma 0.8(1/116)

Chronic liver disease 0.8(1/116)

Chronic kidney disease 0.8 (1/116) . . . .

Down syndrome 0.8 (1/116) Figure 1: Asymptomatic, 60 year old male with hepatocellular

carcinoma. CXR revealed patchy, bilateral, lower and left mid zone

Neuromyelitis optica peripheral ground glass opacities (red arrowheads)

Table 2: Summary of chest radiographic findings

Chest X-ray Description Percentage (number of patients/total Wong et al.!" Yoon et al.? Lomoro et al.®!
Findings (n=42) number of patients with abnormal CXR) n=64 n=10 n=32
Laterality Right lung 9.5% (4/42) 20%(10 patients) 50% (5) 6.2% (2)
Left lung 47.6% (20/42) 18% (9) 50% (5)
Bilateral 42.8% (18/42) 63%(32) 78.1% (25)
Cranio-caudal Upper lung zone 7% (3/42) 0 20% (2) 3.1% (1)
distribution Middle lung zone 57.1% (24/42) 30% (3)
Lower lung zone 83.3% (35/42) 63%(32) 50% (5) 46.9% (15)
No predominance - 37% (19) (50%) 16
Mediolateral Central half 0% (0/42) 12%(6) 20% (2)
distribution Peripheral half 78.5% (33/42) 51%(26) 60% (6)
No predominance 21.4% (9/42) 37%(19) 20% (2)
Shape Patchy 88% (37/42) 90% (9)
Nodular 4.7% (2/42) 10% (1)
Confluent 9.5% (4/42)

Density Consolidation 26.1% (11/42) 59%(30/64) 80% (8) 46.9%(15)
Ground-glass lesion or 80.9% (34/42) 41%(21/64) 20% (2) 37.5% (12)
haziness

Unifocal or Unifocal 40.4% (17/42)

multifocal Multifocal 59.5% (25/42)

Number of zones 1 40.4% (17/42)

involved 2 35.7% (15/42)

3 19% (8/42)
4 4.7% (2/42)
- 8150 Indian Journal of Radiology and Imaging / Volume 31 / Supplement 1/ January 2021
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25/42) than unifocal (40.4%17/42) [Figures 5 and 6].
Regarding density, ground glass opacity (GGO) was
more common (34/42, 80.9%) than consolidation (11/42,
26.1%) [Figures 7 and 8]. The median number of zones
involved was two, while the mean was 1.9. A higher
number of patients had one (40.4%, 17/42) or two (35.7%,
15/42) zones involved as compared to three (19%, 8/42) or
four (4.7%, 2/42%). Four was the maximum number of zones
involved in our cohort.

Figure 2: 27 year old resident doctor with mild recurrent fever and
myalgia for 5 days. CXR revealed peripheral patchy ground glass
opacities in left mid and lower zone. (yellow arrow)

Figure 4: 13 year old girl , case of Down’s syndrome with history of
partial Atrio-ventricular septal defect repair. CXR revealed peripheral
and central consolidation and nodules in all zones on right side (red
arrows). Also note sternotomy sutures (Green arrowhead)
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Discussion

In present study, a good proportion of patients
who tested positive for COVID-19 by RT PCR were
asymptomatic (78/116, 67.2%). Among these patients,
majority had cough (25/116 patients, 21.6%) and
fever (20/116 patients, 17.2%). Asymptomatic state of the
illness is well documented in previous studies also.I'!! Severe
manifestations like ARDS were rare in our study. The large
number of asymptomatic patients can be explained by
the fact that our cohort included several patients detected
on contact tracing of positive patients and asymptomatic
travellers screened on entering our state. Diabetes mellitus
and hypertension were the most common comorbidities
present in our patients which is similar to previous studies.™

Figure 3: CXR revealed bilateral, multifocal, peripheral consolidations
in bilateral mid zone and right lower zone (arrows)

X o i
Figure 5: 72 year old diabetic, hypertensive patient with chronic kidney
disease presented with fever, cough and dyspnoea. CXR revealed
multifocal, patchy, right upper, lower zone and bilateral mid zone
consolidation without mediolateral gradient (arrows). Note was also
made of cardiomegaly
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Figure 6: A 58 year old male presented with cough. CXR revealed
patchy consolidation in left lower zone without mediolateral gradient
(red arrow)

In the present study, the sensitivity of radiographs was
36.2% which is similar to the study by Yoon et al. (33.3%)"!
and less as compared to the study by Wong et al.®®! (69%)
This could be due to large proportion of asymptomatic
patients in the present study (68.1%) versus 14% in Wong
et al.®! A higher number of patients in the symptomatic
group (68.4%) than the asymptomatic group (20.5%) showed
radiographic abnormalities consistent with pneumonia
(P<0.0001). In the present study, unilateral involvement was
more common (57.1%) than bilateral involvement (42.8%).
This is different from prior studies by Wong et al. and
Lomoro et al. in which bilateral involvement were 63% and
78.1%, respectively.®!! In the present study, lower zone
involvement (83.3%) was more common followed by mid
zone (57.1%) which is similar to other studies.®' Regarding
density of lesion, ground glass opacities were most commonly
found (80.9%) in contrast to all prior studies , in which
consolidation was most commonly found.®' In current
study, the opacities were predominantly peripheral (80.9%)
similar to previous studies.!!

In addition to the above, in the present study,
multifocal involvement (59.5%) was more common than
unifocal (40.4%). Also, one-zone and two-zone involvement
were more common than three- and four-zone involvement
likely due to our cohort including large number of
asymptomatic and less-severely ill patients. In our study
population, only one patient succumbed to the illness,
who died on day 6 after admission following rapid clinical
worsening. He was a 71-year-old man, a diagnosed case of
carcinoma pyriform sinus, with diabetes and hypertension
who presented with fever. The CXR obtained from the
patient on day 2 after admission showed bilateral lower
zone peripheral ground glass opacities.
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Figure 7: A 57 year old hypertensive patient presented with cough
and fever. CXR depicting Left mid, lower zone peripheral and central,
patchy, multifocal ground glass opacities (yellow arrows)

We had only four pediatric patients (<10 years of age)
of which three were asymptomatic and had normal
radiographs. One patient had fever and cough and showed
unifocal peripheral opacity.

The limitations of our study are nonavailability of CT
correlation and lack of a control group of COVID-19
negative patients due to which we were unable to calculate
specificity. In the current pandemic, however, patients
with suggestive symptoms and clinical profile who show
typical radiographic findings can be diagnosed with
confidence. We had very few severely ill/ICU patients in
our group, and a separate study in such a group would
be desirable. We found radiographs difficult to interpret
in cases with suboptimal radiographic technique and
positioning. In addition, in some patients with respiratory
complaints, deep inspiration was difficult, which partially
obscured the lower zones and made identification of
opacity difficult. The advantages of radiographs include
repeatability, ease of conducting in the isolation ward/ICU,
and less requirement of infection control measures as
opposed to CT.

To summarize, a significant proportion of COVID-19 patients
are asymptomatic. A little over one-third of patients showed
radiographic abnormalities compatible with pneumonia.
This could be due to the large percentage of patients in
our group being asymptomatic. Therefore, CXR cannot be
used as a diagnostic tool. Instead, its use is to follow up
and prognosticate patients especially in the ICU setting. If
pneumonia-like abnormalities are found on radiographs in
high clinical suspicion for COVID-19, CT can be avoided.
Portable CXR was indispensible in our setting where CT
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Figure 8: 45 years old asthmatic patient presented with dyspnoea.
CXR showing peripheral, confluent, consolidations in left upper, mid
and lower zones (red arrows)

was not part of the protocol, considering infection control
measures and our hospital also catering to non-COVID
patients. A larger percentage of symptomatic patients
revealed radiographic abnormalities as compared to
asymptomatic patients. The most common radiographic
abnormalities among COVID 19 patients were bilateral
or unilateral, patchy, multifocal, ground glass opacity,
or consolidation in a peripheral and middle/lower zone
distribution.

Conclusions

Portable chest radiography is a useful tool to evaluate
the patients during this COVID-19 pandemic due to its
widespread availability and reduced infection control
issues that currently limit CT utilization. A significant
number of COVID-19 patients were asymptomatic.
Over one-third of the patients showed radiographic
abnormalities. Symptomatic patients were more likely to
show radiographic findings than asymptomatic patients.
In cases of high clinical suspicion for COVID-19, a positive
CXR may obviate the need for CT. Common radiographic
abnormalities among COVID 19 patients were bilateral/
unilateral, patchy, multifocal, ground glass opacity or
consolidation in peripheral and middle/lower zone
distribution.
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