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ABSTRACT

Objective: To evaluate the temporal changes on serial chest radiographs (CXRs)of hospitalised COVID-19 positive patients till
their outcome(discharge/death); to determine the severity of CXR score and its correlation with clinical outcome (hospital stay,
chest intubation and mortality).

Study Design: Descriptive study.

Place and Duration of Study: Shifa International Hospital (SIH), Islamabad from March to June 2020.

Methodology: After IRB approval, 112 patients were consecutively enrolled, having laboratory-confirmed SARS-CoV-2 and
hospitalised in SIH. Patients’ demographics and clinical data were retrieved from Radiology Information System (RIS). Chest
radiographs (CXR) were retrieved from picture archive and communication system (PACS). CXR severity scoring was deter-
mined by three radiologists, and results were analysed.

Results: Lung opacities (98.2%), involvement of both lungs (96.4%), both peripheral and central region involvement (62.5%)
and upper/mid/lower zone distribution (61.6%) were the most frequent findings. Males affected more than females with a mean
age of 58.9 + 13.1 years. Zonal involvement, density and extent of opacities peaked on 10-13" day of illness. In the last CXR,
opacities showed decrease in extent as well as density, reduction in zonal involvement, and few having mixed interstitial thick-
ening/fibrosis. One hundred and five out of 112 (93.8%) patients had residual radiographic abnormalities on discharge.
Conclusion: Serial chest radiography can be used to monitor disease progression and temporal changes after initial HRCT.
Patients who have CXR severity score of 4 or more at the time of admission, is a red flag for prolonged hospital stay and
possible intubation. Severity of CXR findings peaked at 10-13 days. It is recommended to repeat CXRs every 3-4" day
during hospital stay. Majority of the patients has residual radiographic abnormality on discharge.
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It is also useful in detection of COVID where there is limited
access to real-time reverse-transcriptase polymerase chain
reaction (RT-PCR) COVID testing.** Limited data is available
regarding Pakistani patients wherethe virus has behaved differ-
ently, regarding severity and outcome, compared to many

INTRODUCTION

Novel coronavirus 2019 (SARS-CoV-2 virus) is a highly conta-
gious member of coronaviruses family. A large number of
published articles have put emphasis on radiological findings of
coronavirus disease (COVID -19) on chest high-resolution

computed tomography (HRCT)."*However, problems related to
infection-control, while transporting patients to CT suites, CT
room disinfection, financial burden due to cost of CT and lack of
accessibility to CT imaging in developing countries/remote
areas, chest radiography (CXR) is the next most appropriate
and commonly employed modality for diagnosis and review of
lung pathologies.
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The aim of this study is to elaborate usefulness of CXR in current
pandemic by evaluation of temporal changes on serial CXRs of
hospitalised COVID-19 patients till their outcome (discharge /
death), and severity of CXR score and its correlation with clinical
status (hospital stay, chestintubation, and mortality).

METHODOLOGY

This descriptive study was performed retrospectively from March
to June 2020, after Institutional Review Board's approval. Demo-
graphic details, information regarding day of onset of symptomes,
and total hospital stay were drawn from Radiology Information
System (RIS). Inclusion criteria was all admitted patients regard-
less of age or gender with positive SARS-CoV-2 RT-PCR result
underatleastthree ormore CXRs, performed during hospital stay.
Patients notfulfillingthese criteriawere excluded.
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AllCXRs were performed as postero-anterior (PA) orantero-pos-
terior (AP) projection, following guidelines.** Majority of radio-
graphswereobtainedin AP projectionusing portable X-ray units
inthe dedicated COVID units.*’Three radiologists having 5to 15
years' experience reviewed the CXRs from PACS and compiled
the data. Radiographic features including opacities, consolida-
tions, interstitial thickening, and fibrosis were categorised by
glossary of terms as proposed by Radiological Society of North
America (RSNA) for COVID-19 CXRreporting.’

Pattern of the pulmonary findings were classified into (i)
peripheral predominance, central prevalence, orboth; (ii) right,
left, or bilateral lung involvement; and (iii) upper, mid and lower
zones (as described by Toussie et al.).' Complications, such as
pleural effusion, intubation, pneumothorax, and pneumomedi-
astinum were also recorded. Hospital stay was labeled as
prolongedif>10days.!

Opacity in each zone was scored by a CXR severity score as
described by Toussie et al. and Borghesiet al.*?, with 0 being
minimum and 6 being maximum score. Each lung zone was
assigned a number with a total of six lung zones: three on right
upper, middle, and lower; similarly, three on left upper, middle,
and lower zone, respectively.” Mid zone was taken as area
between two horizontal lines drawn from superior and inferior
hilar markings. The lower zone between inferior hilar horn till
costophrenic sulcus and the upper zone as the lung from supe-
rior hilarhornupwardstillthe apices.’

Central distribution of lung opacities was defined as area within
2 cm from the lobar bronchial structures as far as perceivable.
Peripheral zone was defined as the residual lung parenchyma
presentbetweenthe centralareaandthepleura.”?

Virological testing was performed using Cobas 6800 system for
the detection of SARS-CoV- 2RNA in nasopharyngeal swab
samples collected in UTM-RT or BD UVT viral transport systems,
followed by selective PCR amplification and detection of target
nucleicacid.’®

Statistical analysis was performed with IBM SPSS software
version 21. Descriptive statistics were calculated for qualitative
and quantitative variables, such as frequencies, percentages
and mean = standard division (S.D). Likelihood ratio test of
significance was used to determine association between CXR
severity score and outcomes of interest. A p-value less than
0.05was consideredsignificant.

RESULTS

A total of 112 patients, 85 males (75.9%) and 27 females
(24.1%), withmeanage of 59.3 years £ 12.6 (from 15-90 years)
were enrolled. Serial CXRs of all these patients were evaluated.
Emphasis was placed on radiographs performed on admission,
peakday offindingsandatdischarge/lastday of hospitalisation.

A total of 846 CXRs were performed with an average 9.6 5.4
CXRs for each patient during the hospital stay (range 3 - 33). All
112 patients demonstrated CXR abnormalities during their

hospital stay. One hundred and eleven patients had abnormal
baseline CXR (Table I). Forty-two (37.5%) of the admitted
patients had a baseline severity score of 6.Bilateral mid and
lower zone involvement with CXR severity score of 4 in 33
(29.5%) patients, followed by score of 5in 18 (16.1%), ascore of 3
in 8 (7.1%) and CXR severity score of 2 with bilateral lower zone
involvement in 6 (5.4%), and unilateral lung involvement in 2
(1.7%) patients. Both peripheraland central distribution of opaci-
ties(70/112,62.5%), midand lowerzonalinvolvement (111/112,
99.1%), and bilateral lung involvement (108/112, 96.4%) were
commonest findings. On peak day of findings 106 patients
demonstrated a CXR severity scoreof 4 ormore (Figure1).

Table I: Frequency of CXR severity score in 3 different points in time, (n=
No.of patients).

Day of Peak day of Day of
CXR severity score admission findings discharge
% (n) % (n) % (n)
Clear lungs - CXR Score 0 0.9 (1) 0(0) 7.1(8)
Involvement of one zone -
CXR Score 1 0.9(1) 0(0) 0.9(1)
Involvement of two zones -
CXR Score 2 6.3 (7) 1.7 (2) 10.7 (12)
Involvement of three zones -
CXR Score 3 6.3 (7) 3.6 (4) 2.7(3)
Involvement of four zones -
CXR Score 4 32.1(36) 17.9 (20) 33.9(38)
Involvement of five zones -
CXR Score 5 16.0 (18) 15.2 (17) 9.8 (11)
Involvement of six zones -
CXR Score 6 37.5(42) 61.6 (69) 34.8 (39)
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80 69
70
60
g 50
5]
3 40
[
& 30
20
10
4
0 0 0 2= | —)
0 1 2 3 4 5 6
CXR score

Figure 1: Frequency of radiograph chest severity score on peak day
of findings with maximum number of patients having mean severity
score of 6.

Figure2: (A)Radiograph chest of a 65-year male with opacities involving
bilateral lower and mid zones in peripheral distribution and CXR severity
score of 4 on the day of admission. (B) Peak day 12 findings with CXR
severity score of 6 and interval intubation. (C) CXR at discharge showing
interval improvement with severity score reduced to 2 and removal of
ETT.

Ninety-six, out of 112 (85.7%) admitted patients, showed
interval worsening of CXR findings. One patient who had normal
CXR on admission, also developed lung opacities on follow-up
radiographs. Severity of CXR findings peaked at 10-13 days with
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(mean 11.0+ 3.3 median day 11") from the day of symptom
onset, at which the median CXR severity score was 6. Outof 112,
91 (81.3%) patients showed significant improvement in their
CXR performed on last day of hospital admission, out of which 72
(79.1%) showed significant reduction in the density of opacities
as well as number of zonal involvement, while 11 (12.1%) cases
demonstrated interstitial thickening/fibrosis pattern and 8
(8.8%) cases showed clear lungs.

Thirty-nine (34.8%) patients were intubated with concurrent
development of respiratory failure, pneumothorax in 4 (3.6%),
and pneumomediastinumin 3 (2.7%). Five (4.5%) patients had to
be puton bilevel/continuous positive airway pressure (BiPAP/CPA-
P).Acute stroke was seen in 2 (1.7%), pneumonia/sepsis in 6
(5.4%), acutekidney injuryin8(7.1%), pleural effusionin 4 (3.6%)
and pulmonary/cardiogenicedemain 12 (10.7%) patients.

Eighty patients (71.4%) were discharged after a mean hospitali-
sation time span of 12 days + SD 6.6 (range 3-42 days). Ten
patients (8.9%) were discharged on request after a mean hospi-
talisation period of 5 days + SD of 2, due to personal reasons.
Twenty-two (19.6%) patients unfortunately expired. Eighty
(71.4%) patients had prolonged hospital stay i.e. more than 10
days; out of which,24 (30.0%) had a CXR severity score of 4 or
more at the time of hospital admission (p-value = 0.029). While
CXR severity score of 4 or more was also associated with risk of
intubation (p-value = 0.015). Correlation between high CXR
severity score and patient mortality could not be established (p-
value= 0.078), perhaps this could be attributed to a shorter
samplesize.

DISCUSSION

Temporal changes were analysed on serial chestradiography of
COVID positive admitted patients, which has not been explored
so far in previously published studies.®*° Serial CXRs of these
patients were reviewed during hospital stay at different points
oftime, providingreliabledataonthetemporal changesofradio-
graphic pattern with emphasis on CXRs at the time of admis-
sion, peak day of findings, and on last day of hospital stay
(Figure 2).

Inthe study by Toussie etal., CXR severity of 3 or more wasinde-
pendent predictor of intubation, while CXR severity of 2 or more
required hospital admission.! In the present study, pulmonary
opacities in 4 zones or more were liable to require hospital
admission, prolonged hospital stay, and chest intubation.
Frequently reported CT findings of bilateral lung involvement,
peripheral distribution, mid and lower zone predominance can
alsobeappreciated on CXR.*****

On the day of presentation, bilateral mid and lower zone
peripheral lung opacities were the main finding on the
CXRs.*"**0Onthe peak day of findings, the lung opacities gradu-
ally increased in extent and density with consolidative changes
becomingthe prevalent pattern asdescribed.’**’Onthelastday
of hospital stay, a noticeable improvement in the density of
opacities and total zonal involvement were observed with
predominance of interstitial thickening and fibrosis.

Inshort, most ofthe patients showed the maximum lung changes
on CXR at 10-13 days after the onset of symptoms. This is in
concordance withfindings described by Liuetal.and Panetal.*

A short plateau phase in findings, followed by improvement,
wasidentifiedinCXRatapproximately 15daysafterinitialsymp-
toms.'*Therefore, there is no need to repeat daily CXRs, unless
under specific clinical demands, or if major intervention, such
asintubation, venous access etc. are required.”

This study has few limitations. Firstly, some patients could not
be followed up to their final outcome, since they were
discharged once their symptoms improved. Secondly, in
portable CXRs, superimposed findings, such as pulmonary
edema and technical factors, limited the evaluation.**Thirdly,
as atertiary care hospital, most of the patients had moderate to
severe disease; and hence, this study does not give a true
picture oftemporal changesin mild COVID pneumonia.

CXR findings in patients with COVID-19 pneumonia can be
utilised in disease-monitoring and follow-up of patients,
who are to be hospitalised, after the initial screening/diag-
nostic HRCT. This will decrease the added financial burden
and radiation dosage associated with repeat CT scans as
well asreduce the viral loading in the CT suites, exposure to
hospital staff and spread of virus in general hospital corri-
dors.

CONCLUSION

Patients, who have CXR severity score of 4 or more at the
time of admission, are red flags for prolonged hospital stay
and possible intubation. Severity of CXR findings peaked at
10-13 days, and the authors recommend for CXRs to be
repeated every 3-4" day during hospital stay.
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