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AIM: To evaluate whether portable chest radiography (CXR) scores are associated with
coronavirus disease 2019 (COVID-19) status and various clinical outcomes.
MATERIALS AND METHODS: This retrospective study included 500 initial CXR from COVID-

19-suspected patients. Each CXR was scored based on geographic extent and degree of opacity
as indicators of disease severity. COVID-19 status and clinical outcomes including intensive
care unit (ICU) admission, mechanical ventilation, mortality, length of hospitalisation, and
duration on ventilator were collected. Multivariable logistic regression analysis was performed
to evaluate the relationship between CXR scores and COVID-19 status, CXR scores and clinical
outcomes, adjusted for code status, age, gender and co-morbidities.
RESULTS: The interclass correlation coefficients amongst raters were 0.94 and 0.90 for the

extent score and opacity score, respectively. CXR scores were significantly (p < 0.01) associated
with COVID-19 positivity (odd ratio [OR] ¼ 1.49; 95% confidence interval [CI]: 1.27 - 1.75 for
extent score and OR ¼ 1.75; 95% CI: 1.42 - 2.15 for opacity score), ICU admission (OR¼ 1.19; 95%
CI: 1.09 - 1.31 for extent score and OR ¼ 1.26; 95% CI: 1.10 - 1.44 for opacity score), and invasive
mechanical ventilation (OR ¼ 1.22; 95% CI: 1.11 - 1.35 for geographic score and OR ¼ 1.21; 95%
CI: 1.05 - 1.38 for opacity score). CXR scores were not significantly different between survivors
and non-survivors after adjusting for code status (p>0.05). CXR scores were not associated
with length of hospitalisation or duration on ventilation (p>0.05).
CONCLUSIONS: Initial CXR scores have prognostic value and are associated with COVID-19

positivity, ICU admission, and mechanical ventilation.
� 2021 The Royal College of Radiologists. Published by Elsevier Ltd. All rights reserved.
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Introduction

Coronavirus disease 2019 (COVID-19), an infectious dis-
ease that can cause severe respiratory illness,1e3 has already
infected 13 million people and killed more than 570,000
worldwide.4 COVID-19 continues to strain resources in
many hospitals around the world. Lung imaging plays an
important role in the management of patients during
COVID-19 pandemic. Although reverse transcription poly-
merase chain reaction (RT-PCR) of a nasopharyngeal or
oropharyngeal swab specimen is a reference standard3,5 for
diagnosing COVID-19 infection, it has a long turnaround
time and high false-negative rate.6 Newer tests, such as the
lateral flow tests, have rapid turnaround time, but low
sensitivity.7 Computed tomography (CT)8 was used in China
early on in the pandemic when RT-PCR was less reliable,
and CT offers high sensitivity and faster turnaround time;
however, CT is prone to cross-contamination and, thus, it is
not widely used in the context of COVID-19 in the United
States and elsewhere in the world. In addition, CT is not
readily accessible in many parts of the world and poses the
risk of radiation exposure to patients. By contrast, chest
radiography (CXR) is convenient and can be readily dis-
infected between uses, is more accessible, and has a lower
radiation dose than CT, although it has lower sensitivity
than CT. Nonetheless, CXRs show characteristic ground-
glass opacities and/or consolidation in the lungs associ-
ated with COVID-19 infection.9 CXR is often one of the very
first clinical assessments that suspected COVID-19 patients
receive. Under the appropriate context and alongwith other
clinical assessment, CXR can facilitate diagnosis and triage
patients while RT-PCR results are pending. CXR is also well
suited to monitor disease progression during hospital-
isation, such as sicker patients in the ICU, which is very
crucial as those patients cannot be readily moved to the CT
machine.

To date, CXR score has not been widely used for staging
of disease severity of COVID-19 lung infection in clinical
practice. Although a few recent studies have related initial
CXR scores of COVID-19 patients to various clinical out-
comes, such as ICU admission, need for mechanical venti-
lation, mortality, length of hospitalisation, and duration on
ventilator,10e14 the results are inconsistent and controver-
sial. The CXR scoring methods varied, and demographics
and comorbidities were accounted for in some but not other
studies. No studies to date have accounted for whether
patients were removed from aggressive therapies due to
having a “do not resuscitate” order (i.e., code status), which
confound data interpretation and compromise the prog-
nostic value of CXR scores. As such, the potential of CXR to
stage disease severity of COVID-19 lung infection is not yet
fully realised.

The goal of this study was to further investigate the as-
sociation of CXR scores of disease severity with COVID-19
status, ICU admission, need for mechanical ventilation,
mortality, length of hospitalisation, and duration on
ventilator. The types of CXR scores were established care-
fully for disease severity, one based on geographical extent
of involvement and the other based on degree of opacity,
with consensus amongst a group of chest radiologists and
residents. Analysis accounted for patients’ code status, de-
mographics, and co-morbidities.

Materials and methods

Patient selection and inclusion criteria

This is an institutional review board approved retro-
spective study from University Hospital (for blind review)
with waiver of informed consent. There were 4,997 persons
under investigation (PUI) for COVID-19, who presented to
the emergency department (ED) between 8 March 2020
and 20 April 2020. Only patients with known COVID-19 PCR
results and CXRs taken within the first 3 days of ED visit
were included. Patients with incomplete information
regarding comorbidities were excluded from the study. If
there were multiple CXRs for one patient, the one closest to
the ED visit was used. This resulted in 500 CXRs with the
majority (90%) of the CXRs taken on the day of ED admission
from 500 PUIs taken between 8 March 2020 and 13 April
2020 for scoring and analysis.

Clinical data collection

Data were extracted from the electronic medical records
both automatically and manually by trained data abstrac-
tors via commercial software Cerner’s HealtheIntent and
established diagnostic codes (such as ICD10 and LOINC
codes). These data included patients’ demographic infor-
mation (age and sex), co-morbidities (hypertension [hy-
pertension], diabetes mellitus [DM], asthma, coronary
artery disease [CAD], chronic obstructive pulmonary dis-
ease [COPD], congestive heart failure [CHF], cancer, immu-
nosuppression, chronic kidney disease [CKD]), clinical
outcomes (ICU admission, need for invasive mechanical
ventilation, mortality, length of hospital stay, and duration
on mechanical ventilator). Data also included patient’s
duration of symptom onset prior to ED presentation and
patient’s code status (in which full code indicates all
resuscitation interventions to be performed).

Imaging collection and analysis

To establish the disease severity score, a group of four
board-certified chest radiologists of 10e20 years of expe-
rience and two radiology residents in training worked
together to reach consensus by evaluating 12 images of
portable CXRs of COVID-19 patients, which was part of the
500 CXRs. The same chest radiologists and residents scored
the 500 CXRs for disease severity using the following
criteria based on geographical extent and degree of opacity.
The extent score of 0e4 was assigned to each of the right
and left lungs depending on the extent of involvement with
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ground glass opacities or consolidation: 0 ¼ no involve-
ment; 1 ¼ <25%; 2 ¼ 25e50%; 3 ¼ 51e75%; 4 ¼ >75%
involvement. The opacity score of 0e4 was assigned to each
of the right and left lungs as: 0 ¼ no opacity; 1 ¼ ground
glass opacity; 2 ¼ mix of consolidation and ground glass
opacity (<50% consolidation); 3 ¼ mix of consolidation and
ground glass opacity (>50% consolidation); 4 ¼ complete
white-out. The right and left lung were scored separately
and added together. In short, extent score ranged from 0e8,
the opacity score ranged from 0e8. In addition, the sum of
these two types of scores (0e16) and the product of the two
types of scores (0e64) were computed. To minimise bias,
the raters were blinded to the clinical datawhile scoring the
CXRs. Each CXR was scored by two raters independently
and the mean of the scores of two raters were calculated.

Statistical methods and performance evaluation

Statistical analysis was performed with IBM SPSS soft-
ware (Chicago, IL, USA). Intraclass correlation coefficient
was calculated to assess inter-reader agreement of the CXR
scores. Means and standard deviations of extent score,
opacity score, sum of extent and opacity score, product of
extent and opacity score were calculated. Multivariable lo-
gistic regression analysis were performed to analyse the
relationships between CXR scores with ICU admission,
mortality, need for ventilation, and gender. Odds ratios
were also computed. Linear regression analysis was per-
formed to analyse the correlation between CXR scores and
age, length of hospital stay, and duration on ventilation. A
Figure 1 Flowchart describing patient selection, triage a
p<0.05 is taken to be statistically significant unless other-
wise specified.
Results

Fig 1 shows the flowchart of patient selection and out-
comes of the 500 PUI. Of the 4,997 PUI, after excluding
patients with unknown COVID-19 status, incomplete in-
formation on co-morbidities, and no CXR within 3 days of
ED visit, 500 PUIs were investigated (59 COVID-19 negative,
441 COVID-19 positive). Of the 441 COVID-19 positive pa-
tients, eight were discharged from the ED, two died in the
ED, 377 were admitted to the regular ward, and 54 were
admitted directly to the ICU. Of the 377 patients initially
admitted to the regular ward, 255 remained on the regular
ward and 122 were subsequently upgraded to the ICU. Of
those who remained on the regular ward, 227 were dis-
charged and 28 died. Of the ICU group, 98 were discharged,
59 died while 19 remained on the ICU without a final status.
Table 1 shows the demographics and co-morbidities of all
the patients in this study.

Examples of CXRs with different extent and opacity
scores are demonstrated in Fig 2. CXRs of COVID-19 positive
patients showed hazy opacities and/or airspace consolida-
tion, with predominance of bilateral, peripheral and lower
lung zone distribution. Each CXR was scored by two raters.
The inter-reader agreement assessed by intraclass correla-
tion coefficient, which was 0.94 (95% CI: 0.93e0.95) for the
extent score, and 0.90 (95% CI: 0.88e0.92) for the opacity
nd outcome of the 500 persons under investigation.



Table 1
Demographics and co-morbidities of the 500 persons under investigation
whose chest radiographs were used in this study.

Demographics
Age 60.3�17.8
Gender 60% male, 40% female

Co-morbidities
Hypertension 44%
DM 26%
Asthma 7%
CAD 15%
COPD 7%
CHF 8%
Cancer 7%
Immunosuppression 7%
CKD 10%
None of the above 35%

DM: diabetes mellitus, CAD: coronary artery disease, COPD: chronic
obstructive pulmonary disease, CHF: congestive heart failure, CKD: chronic
kidney disease.
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score. The Pearson’s correlation coefficient between the
extent score and opacity score was 0.82 (p¼0.01).

The extent score, opacity score, sum of extent and
opacity score, product of extent and opacity score scores
were significantly higher in COVID-19 positive patients
compared to COVID-19 negative patients, with the odd ra-
tios ranging from 1.08 to 1.75 after adjusting for age, sex and
co-morbidities (Table 2).

CXR scores were significantly higher in ICU patients than
in regular ward patients, with the odd ratios ranging from
1.04 to 1.26 after adjusting for age, sex and co-morbidities
Figure 2 Examples showing a range of CXR severity scores, which include
and left lung. Arrows indicate region of ground glass opacities or/and air
(Table 3a). CXR scores were also significantly higher in pa-
tients on invasive mechanical ventilators than in patients
not on ventilators, with the odd ratios ranging from 1.03 to
1.22 after adjusting for age, sex, and co-morbidities
(Table 3b). The majority of the ICU patients (85%) were on
invasive mechanical ventilators.

For the general floor admission cohort, all CXR scores
were significantly higher in non-survivors than in survivors
with the odd ratios ranging from 1.09 to 2.18, after adjusting
for age, sex, and co-morbidities (Table 4a). For the ICU
cohort, opacity score, sum of extent, and opacity score, and
product of extent and opacity score were significantly
higher in non-survivors than in survivors with the odds
ratios ranging from 1.04 to 1.38, after adjusting for age, sex
and co-morbidities, but not the extent score (Table 4b).

Mortality with respect to the patient’s code status was
also analysed. Amongst the regular ward patients, 91% of
the survivors and 7% of the non-survivors were full code,
which indicates all resuscitation interventions to be per-
formed. Amongst the ICU patients, 93% of the survivors and
27% of the non-survivors were full code. CXR scores be-
tween survivors and non-survivors in ICU who were full
code were not significantly different (Table 4c). There were
only two non-survivors on the general floor who were full
code, and they were not further analysed.

CXR scores were not associated with the length of hos-
pital stay both for the regular ward patients (R¼0.04 for
extent score and R¼0.12 for opacity score, p>0.05) and the
ICU patients (R¼e0.01 for extent score and R¼e0.18 for
opacity score, p>0.05) when regular patients and ICU
extent and opacity scores. The two numbers for each are for the right
space consolidations.



Table 2
Comparison of CXR scores and distribution of age, gender, and co-morbidities between COVID-19 negative group and COVID-19 positive group.

COVID-19 negative
(n¼59)

COVID-19 positive
(n¼441)

Adjusted
p-value

Unadjusted
p-value

Odds ratio
(95% CI)

Extent score (0e8) 2.4�2.2 4.1�2.2 <0.001 1.49 (1.27e1.75)
Opacity score (0e8) 2.0�1.6 3.3�1.6 <0.001 1.75 (1.42e2.15)
Sum of extent and opacity score (0e16) 4.5�3.6 7.4�3.6 <0.001 1.29 (1.17e1.41)
Product of extent and opacity score (0e64) 7.8�9.6 16.2�12.5 <0.001 1.08 (1.05e1.13)
Age 62.1�21.6 60.1�17.3 0.43
Gender (% of Male) 53% 61% 0.20
Hypertension 53% 43% 0.18
DM 20% 27% 0.26
Asthma 14% 6% 0.05
CAD 24% 14% 0.05
COPD 12% 7% 0.17
CHF 24% 5% <0.01
Cancer 19% 6% <0.01
Immunosuppression 14% 6% 0.05
CKD 17% 9% 0.05

DM: diabetes mellitus, CAD: coronary artery disease, COPD: chronic obstructive pulmonary disease, CHF: congestive heart failure, CKD: chronic kidney disease.
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patients were analysed separately; however, the extent
score correlated weakly with the length of hospital stay
when regular ward patients and ICU patients were analysed
together (R¼0.13, p<0.05) while the opacity score was not
(R¼0.08, p>0.05). CXR scores were not associated with the
duration on ventilator either (R¼0.02 for geographic score
and R¼0.03 for opacity score, p>0.05). The extent score
correlated weakly with duration of symptoms prior to ED
visit (R¼0.11, p<0.05) while the opacity score was not
(R¼0.09, p>0.05). There were no association of CXR scores
with age (p>0.05) or sex (p>0.05).

Discussion

This study investigated whether the initial CXR scores
inform COVID-19 status, ICU admission, need for ventila-
tion, mortality, length of hospitalisation, and duration on
ventilator. CXR scores were found to be associated with
COVID-19 status, ICU admission, need for ventilation, but
not with mortality after accounting for code status, length
of hospitalisation, or duration on ventilator. A unique CXR
scoring systemwas used in the present study. Different CXR
scoring systems have been used to evaluate COVID-19 lung
infection, some more sophisticated and some simpler.10e15

The RALE score, which is more sophisticated, is based on
the sum of product of geographical extent and degree of
opacity from different lung zones, and has been used to
evaluate for severity of lung oedema16 and adopted to score
CXR in evaluating COVID-19 lung infection.13,14 Several
other simpler scoring systems did not take degree of opacity
into consideration.10,11,15 The present scoring system also
used both geographic extent and degree of opacity, but to
make the system simpler, the lungs were not divided into
different zones. The scoring system is relatively easy to use,
has a reasonable dynamic range, and has high inter-rater
agreement. Interestingly, the extent score and opacity
score were highly correlated. The opacity scores generally
yielded higher odds ratios than extent scores for clinical
outcomes. This suggests that degree of opacity likely re-
flects disease severity better than the extent of lung
infection. This is consistent with CXR and CT findings
showing COVID-19 pneumonia progressing from ground-
glass opacity to consolidation.9,17 The sum and product of
the two scores was also investigated. The rationale for using
the sum of the score is that the two scores were indepen-
dently scored, and it is possible that their linear combina-
tion could add information. The rationale for using the
product of the two scores is that it is possible that their
geometric weighted average (extent and magnitude of
opacity) could add information when combined linearly
together. It is not clear whether individual scores, linear
combination, or geometric combination yielded better re-
sults. Surprisingly, the sum and product of the two scores
yielded similar conclusions, but did not yielded better odds
ratios than individual scores alone, suggesting that they
might not add value. It would be useful to have a CXR
reporting template that can be employed with a practical
scoring system embedded in, which could help integration
of the scoring system in the clinical workflow.

The initial CXR scores were associated COVID-19 status.
This finding suggests that CXR scores can be used in
conjunction with clinical observation and laboratory re-
sults18 for triage and management of suspected COVID-19
patients while waiting for RT-PCR results. The present re-
sults are inconsistent with Wong et al. who reported no
differences in CXR scores between COVID-19 positive and
negative patients.15 A possible explanation could be their
small sample size (58 COVID-19 positive patients and six
COVID-19 negative patients). There are differences in the
scoring systems. Wong et al. only took into consideration
the extent score, which is similar to the present extent
score; however, there was a statistically significant differ-
ence in the extent score between COVID-19 positive versus
negative patients. There is no significant difference be-
tween the present study and Wong et al. regarding when
the CXRs were acquired. In the present study, CXRs were
taken within the first 3 days of the ED visit with the ma-
jority (90%) of the CXRs taken on the day of ED visit. In
Wong et al., 94% CXRs were taken at the ED presentation
and 6% were taken within 48 h.



Table 3
(a) Comparison of CXR scores between the regular ward group and the ICU
group; (b) distribution of age, gender and co-morbidities between regular
ward group and ICU group; and (c) between patients not on ventilation and
patients on ventilation.

(a) Regular
ward
patients
(n¼255)

ICU
patients
(n¼176)

Adjusted
p-value

Odds
ratio
(95% CI)

Extent score (0e8) 3.8�2.2 4.6�2.2 <0.001 1.19
(1.09
e1.31)

Opacity score (0e8) 3.1�1.5 3.7�1.6 0.001 1.26
(1.10
e1.44)

Sum of extent and
opacity score (0e16)

6.8�3.5 8.3�3.6 <0.001 1.12
(1.06
e1.19)

Product of extent and
opacity score (0e64)

14.1�11.5 19.7�13.3 <0.001 1.04
(1.02
e1.05)

(b) Regular
ward
patients
(n¼255)

ICU
patients
(n¼176)

Unadjusted
p-value

Age 60.9�18.4 59.6�15.5 0.44
Gender (% of male) 57% 68% 0.03
Hypertension 42% 47% 0.34
DM 25% 31% 0.16
Asthma 6% 7% 0.53
CAD 15% 12% 0.38
COPD 8% 5% 0.22
CHF 7% 4% 0.24
Cancer 7% 4% 0.24
Immunosuppression 7% 6% 0.68
CKD 10% 7% 0.39

(c) Non-
ventilated
(n¼281)

Ventilated
(n¼150)

Adjusted
p-value

Odds
ratio
(95% CI)

Extent score (0e8) 3.8�2.2 4.3�2.1 <0.001 1.22
(1.11
e1.35)

Opacity score (0e8) 3.2�1.5 3.5�1.5 0.009 1.21
(1.05
e1.38)

Sum of extent and
opacity score (0e16)

6.9�3.5 7.8�3.4 <0.001 1.12
(1.05
e1.19)

Product of extent and
opacity score (0e64)

14.6�11.7 17.5�11.9 <0.001 1.03
(1.02
e1.05)

CXR: chest radiograph, ICU: intensive care unit, DM: diabetes mellitus, CAD:
coronary artery disease, COPD: chronic obstructive pulmonary disease, CHF:
congestive heart failure, CKD: chronic kidney disease.

Table 4
Comparison of CXR scores (a) between survivors and non-survivors group on
the regular ward, (b) between survivors and non-survivors group in the ICU,
and (c) between survivors and non-survivors group in the ICU who were full
code only.

(a) Regular
ward
survivors
(n¼227)

Regular ward
non-survivors
(n¼28)

Adjusted
p-value

Odds
ratio
(95% CI)

Extent score (0e8) 3.6�2.2 5.0�1.9 0.001 1.73 (1.25
e2.40)

Opacity score (0e8) 3.0�1.4 4.0�1.6 0.001 2.18 (1.37
e3.48)

Sum of extent and
opacity score (0
e16)

6.6�3.4 9.0�3.1 0.001 1.48 (1.18
e1.86)

Product of extent and
opacity score (0
e64)

13.3�10.9 21.3�14.0 0.001 1.09 (1.04
e1.15)

(b) ICU
survivors
(n¼98)

ICU non-
survivors
(n¼59)

Adjusted
p-value

Odds
ratio
(95% CI)

Extent score (0e8) 4.6�2.2 4.7�2.0 0.133 1.17 (0.95
e1.43)

Opacity score (0e8) 3.6�1.6 3.8�1.6 0.023 1.38 (1.05
e1.82)

Sum of extent and
opacity score (0
e16)

8.2�3.7 8.5�3.3 0.050 1.13 (1.00
e1.29)

Product of extent and
opacity score (0
e64)

19.4�12.9 20.0�13.5 0.034 1.04 (1.00
e1.07)

(c) ICU
survivors,
full code
(n¼92)

ICU non-
survivors, full
code
(n¼16)

Adjusted
p-value

Odds
ratio (95%
CI)

Extent score (0e8) 4.7�2.2 4.5�2.1 0.983 1.01 (0.73
e1.41)

Opacity score (0e8) 3.7�1.6 3.7�1.9 0.714 1.09 (0.70
e1.68)

Sum of extent and
opacity score (0
e16)

8.4�3.6 8.2�3.7 0.827 1.02 (0.84
e1.25)

Product of extent and
opacity score (0
e64)

19.9�12.9 19.2�14.2 0.647 1.01 (0.96
e1.07)

CXR: chest radiograph, ICU: intensive care unit.
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CXR scores are associated with ICU admission and the
need for mechanical ventilation. Cozzi et al. also reported
CXR scores were associated with ICU admission but without
adjusting for demographics and co-morbidities. Toussie
et al. reported CXR severity score �3 was an independent
predictor of intubation in patients 21e50 years old.11 Kim
et al. also found CXR scores were associated with
intubation.10

A notable finding is that the initial CXR scores were not
associated with mortality after adjusting for code status.
Previous studies10e15 did not account for code status. As a
result, it is challenging to determine whether patients who
died would have survived if more aggressive measures had
been taken among patients assigned to comfort care only.
Similarly, no correlations were found between initial CXR
scores and length of hospital stay for regular ward patients
or ICU patients, and between initial CXR scores and duration
on mechanical ventilator. These findings are not surprising
because these outcomes are far downstream from the pa-
tients’ status in the ED, although such an association might
exist depending on patient cohorts. The present results are
consistent with Toussie et al.who reported CXR scores were
not associated with length of hospital stay,11 but inconsis-
tent with Kim et al. who reported CXR scores were associ-
ated with length of hospital stay.10 Possible explanations for
this discrepancy could be due to differences in patient
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cohort. Interestingly, there was a weak correlation between
the extent score and length of hospital stay when
combining regular ward and ICU patients, but did not find a
correlation when analysing regular ward and ICU patients
separately. One possible explanation is that ICU patients
tend to have higher CXR scores and longer length of hos-
pitalisation than regular ward patients.

This study has several limitations. First, although the pre-
sent CXR score system is easy to use with good inter-rater
agreement, there are more sophisticated score schemes that
could reflect disease severity better.13,14 Second, the present
study used only initial CXRs. Longitudinal CXR scoring is
needed to better inform clinical trajectory and outcome.
Third, although several co-morbidities were included in the
study, body mass index (BMI) was not included, which is a
knownrisk factor forCOVID-19. Fourth, although themajority
of theCXRs (90%)were acquiredon thedayof EDpresentation
and presumably before the patients received interventions, it
washard to trackwhether the patients received interventions
prior to CXR acquisition, which could have affected the CXR
scores. This is a retrospective study from a single institution.
These findings need to be repeated using multiple institu-
tional data to test generalisability. Machine learning ap-
proaches to classify COVID-19 lung infection on CXR19,20 and
stage COVID-19 disease severity on CXR21,22 have also been
recently reported. Future studies could incorporate laboratory
variables to better inform clinical disease trajectory and
outcome.23e25

In conclusion, initial CXR scores in the ED are associated
with positive COVID-19 status, ICU admission, and need for
invasive mechanical ventilation. Initial CXR scores have
prognostic value and offer important information that could
be used to facilitate identification of high-risk patients and
triage and manage patients suspected of or diagnosed with
COVID-19, especially when combined with other clinical
data, such as vital signs and blood tests.
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