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Introduction: Hospitalized patients with coronavirus disease (COVID-19) often undergo chest x-ray (CXR). Utilizing CXR findings
could reduce the cost of COVID-19 treatment and the resultant pressure on the Jordanian healthcare system.
Methods: We evaluated the association between the CXR severity score, based on the Radiographic Assessment of Lung Edema
(RALE) scoring system, and outcomes of patients with COVID-19. The main objective of this work is to assess the role of the RALE
scoring system in predicting in-hospital mortality and clinical outcomes of patients with COVID-19. Adults with a positive severe
acute respiratory syndrome COVID-19 two reverse-transcription polymerase chain reaction test results and a baseline CXR image,
obtained in November 2020, were included. The RALE severity scores were calculated by expert radiologists and categorized as
normal, mild, moderate, and severe. Chi-square tests and multivariable logistic regression were used to assess the association between
the severity category and admission location and clinical characteristics.
Results: Based on the multivariable regression analysis, it has been found that male sex, hypertension, and the RALE severity score
were significantly associated with in-hospital mortality. The baseline RALE severity score was associated with the need for critical
care (P<0.001), in-hospital mortality (P<0.001), and the admission location (P=0.002).
Discussion: The utilization of RALE severity scores helps to predict clinical outcomes and promote prudent use of resources during
the COVID-19 pandemic.
Keywords: COVID-19, chest radiograph, RALE score, prognosis, statistical analysis

Introduction
Since the outbreak of COVID-19 in December 2019, the world has been under strain.1,2 As of March 1, 2022, the virus
has infected over 433 million individuals, accounting for 5.9 million deaths worldwide.20

Concurrently, the virus has infected over 1,638,228 people in Jordan, with most cases being reported in Amman. As
COVID-19 continues to spread, the number of deaths related to it has reached 13,959 (as ofMarch 11, 2022) and is expected to
continue to rise.3 Many studies have examined the outcomes of COVID-19 among non-communicable disease (NCD)
patients.4–6 The COVID-19 infection has a high direct death ratio, and it has put pressure on healthcare systems in Jordan
and elsewhere, forcing many hospitals to suspend or delay services for NCD patients.4 The limited availability of personal
protective equipment and hospital beds has also increased the pressure on the Jordanian healthcare system.

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is highly infectious and causes what is commonly
called COVID-19, which is a respiratory infection that leads to severe pneumonia and even acute respiratory distress
syndrome (ARDS).7,8 At present, the gold standard for diagnosing COVID-19 infection is the reverse transcription-
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polymerase chain reaction (RT-PCR) test; however, as the demand exceeds testing capacity, the Chest Radiographs
(CXRs) are used as an alternative test for suspected cases.1,9,10

According to a study on the utility of CXR in assisting the diagnostic process of COVID-19,21 it has been determined
that the presence of confluent and/or patchy, consolidation, or bandlike ground-glass opacity in the mid to lower and
peripheral of the lung zone distribution of CXR indicates the infection of COVID-19, and it was recommended to use
these indicators in conjunction with the clinical diagnosis to make an accurate judgment.

It is important to properly classify patients with COVID-19 infection, depending on the severity of their condition, to achieve
adequate resource allocation.11 Peripheral oxygen saturation (SpO2) levels reflect the extent of pulmonary function impairment
and are among the parameters investigated at the time of hospital admission. In addition, among patients with NCDs, SpO2
values may help determine whether a patient with COVID-19 infection requires treatment in an intensive care unit (ICU).11–13

Therefore, using CXR images alongside other emergency department parameters may improve the accuracy of diagnosis and the
suitability of treatmentmodalities. Although the CXR is classified as a non-sensitivemethod for the early detection of the disease,
it is considered the most useful tool to monitor the progression of abnormalities in the lung of infected patients.22

The severity of CXR helps to predict COVID-19 outcomes, especially with the presence of CXR reporting systems,
such as Brixia, and Radiographic Assessment of Lung Edema (RALE),23 which helped to predict the negative outcomes
of the disease, reliably. In addition, using the CXR severity score may help in decision-making regarding the most
suitable admission department.14,15

However, Computed Tomography (CT) imaging may be a more accurate and sensitive diagnostic method than CXR
images; nevertheless, the disinfection procedures and radiation exposure involved have resulted in the American College
of Radiology recommendation that portable CXR machines be included as a first-line triage tool.9,16,17

According to the statistics of the ministry of health in Jordan (as of March 11, 2022),3 the occupancy rate of isolation
beds, ICU beds, and Ventilators were 8%, 17%, and 8%, accordingly. In Jordan, CXR is routinely performed, before and
after COVID-19, for patients presenting with respiratory clinical symptoms at the emergency department.

Therefore, CXR imaging results combined with RT-PCR results can decrease the pressure on the healthcare system in
Jordan. In addition, the admission location of the patients can be predicted and the decision-making at the emergency
department can be improved. Although the healthcare system of Jordan faces limited bed availability in the ICUs, the use
of CXR findings can be the new standard to make more beds available for severe cases. This study aimed to examine the
relationship between CXR severity scores and clinical outcomes of COVID-19 patients.

The rest of this work is distributed as follows: Materials and Methods presents the material and methods used in this
work. Results introduces the results of the experiments and results. Besides, Discussion discusses the study from different
aspects. Finally, Conclusion concludes the work and results of the study.

Materials and Methods
This single-center, retrospective cohort study was conducted at King Abdullah University Hospital in Irbid, Jordan. It
was conducted in accordance with the principles embodied in the Declaration of Helsinki and was approved by the
institutional review board of the King Abdullah University Hospital, where the ethics committee waived the informed
consent requirement because of the retrospective design of the study.

The used data included all hospitalized patients with RT-PCR-confirmed COVID-19 infection. CXR images of
eligible patients were acquired during the month of November 2020, as shown in Figure 1.

Patients were included in the present study if they were aged ≥18 years, had an RT-PCR-confirmed diagnosis of
COVID-19, and underwent CXR imaging at the time of hospital admission, where they presented with symptoms
consistent with the COVID-19 infection (fever, cough, dyspnea, respiratory impairment, diarrhea, and asthenia).

The PCR-RT findings were used as reference findings, where the exclusion criteria were patients aged <18 years,
symptomatic patients with a negative PCR test, the low-quality images due to insufficient inhale breathing during
scanning, and no CXR image is available at the emergency department.

Data on the patients’ demographic and clinical characteristics were retrieved from the electronic system of the King
Abdullah University Hospital, including vital signs, blood test findings, and SpO2 values on admission, and health
history, including smoking status, NCD diagnoses, and other comorbidities. All admission CXR images included in this
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study were performed within 48 hours after admission at the emergency department of the King Abdullah University
Hospital with the posterior-anterior projection and saved in a picture archiving and communication system.

The Radiographic Assessment of Lung Edema (RALE) score was developed by Warren et al18 to assess the severity of lung
edema and ARDS; it is a widely accepted and useful tool for lung disease assessment. In this study, three expert radiologists with
4–30 years of experience reviewed the images and estimated severity scores using a modified RALE scoring criteria and
consensus.

The CXR scores were categorized as normal, mild, moderate, or severe. These scores were obtained by dividing each
lung into four segments (a total of eight segments per radiograph). A score of one point was assigned to each segment
with any sign of infection, such as consolidation or ground-glass opacities. The total scores represented the sum of
individual scores, where the level of severity was identified according to total points assigned to each radiograph as
follows: normal 0, mild (1–2), moderate (3–6), and severe (7–8) as shown in Figure 2.

Figure 1 Flow diagram of the retrospectively reviewed chest x-ray (CXR) images.

Figure 2 (A) Radiographic assessment of lung edema scoring system. Each lung is divided into four segments. Each segment is assigned a score one if there is any sign of
infection. (B) No signs of infection within the eight segments of the lungs (normal). (C) Small consolidation seen in the left lower lung zone, affecting only one segment
(mild). (D) Multiple small consolidations and ground glass opacities. Multiple small consolidations and ground glass opacities seen bilaterally, involving six segments in the
middle and lower lung zones (total score, 6 points, moderate). (E) Multiple consolidations and ground glass opacities. Multiple consolidations and ground glass opacities,
involving eight segments of the chest radiograph (total score, 8 points, severe).
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The intra-rater and inter-rater reliability were examined by a team of two radiologists using the coefficient of
intraclass correlation for the modified RALE. A Chi-square test is a statistical hypothesis test that is used to investigate
the relationship between variables. It is a number that shows the difference between the observed counts and the expected
counts in case there were no relationships in the population. In this study, the Chi-square test was used to measure the
correlation between CXR severity score, NCD, discharge status, and admission location, where the value of P≤0.05 was
considered as an indicator to the statistically significant. All analyses were completed using SPSS (IBM Corp. Released
2015. IBM SPSS Statistics for Windows, Version 23.0. Armonk, NY: IBM Corp).

Results
Of the 153 eligible patients, five were excluded due to their lack of CXR images because the attending physicians did not
request for them upon the patients’ presentation to the emergency department. The included patients had RT-PCR-
confirmed COVID-19 infection. A total of 148 patients (84 women) with a mean age of 65.07 (median: 66.50) years were
included in this study.

At the time of admission, the median blood pressure value was 127/73 mmHg, median SPO2 was 80%, and median
respiratory rate was 22 breaths per minute. Data on NCD prevalence, blood test findings, and comorbidities are presented
in Table 1.

Approximately half of the patients (81 [54.7%]) had diabetes mellitus (DM); 96 (64.8%), 19 (12.8%), and 72 (48.6%)
patients had, in the respective order, hypertension (HTN), dyslipidemia, and other comorbidities such as cardiovascular

Table 1 Demographic and Clinical Characteristics of Patients Included in the Present Study

Criteria Percentage (n=148) Mean Median

Age (years) 65.07 66.5

Males 64 (43.2%)
Females 84 (56.8%)

DM 81 (54.7%)

HTN 96 (64.8%)

Dyslipidemia 19 (12.8%)

Smokers 25 (16.8%)

SPO2 68.7 80

Pulse rate (bpm) 95.4 93

BP (mmHg) 125.7/74 127/73

RR (Rbm) 22.4 22

Other comorbidities 72 (48.6%)

Neutrophils (%) 75.6 82

Lymphocytes (%) 12.2 9

Creatinine (mg/dL) 152.8 97.5

Discharge status

Alive 73 (49.3%)

Dead 75 (50.7%)

Abbreviations: DM, diabetes mellitus; HTN, hypertension; SPO2, peripheral oxygen saturation; BP, blood pressure; RR,
respiratory rate.
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disease (heart failure, ischemic heart disease), respiratory disease (asthma, pulmonary edema, chronic obstructive
pulmonary disease, pulmonary embolism), cancer (colon and breast), kidney disease (end stage renal disease and renal
failure), cerebrovascular disease (stroke), Parkinson’s disease, dementia, and Alzheimer’s disease. All these factors may
aggravate the severity of COVID-19 infection. In addition, 50 (33.8%) patients were admitted to the ICU; however, the
overall mortality rate was 50.7%, whereas the mortality rate in the ICU was 98%. No significant differences between men
and women were found in DM or dyslipidemia prevalence as per results in Table 2.

However, there were significant mean differences in HTN scores (χ2=5.12, P=0.01). In addition, there was
a significant correlation between sex and the need for critical care (χ2=29.3, P<0.001); most men were admitted to the
ICU, whereas most women were admitted to the general floor. The number of men admitted to the ICU was higher than
that of women, suggesting a greater need for observation and interventions such as mechanical ventilators, O2 supply,
and general nursing care in the former group than in the latter group.

Patients with DM had more severe CXR scores than did patients without DM; however, no significant correlation was
observed (χ2=6.44, P=0.09). Meanwhile, HTN was correlated with CXR severity (χ2=7.65, P=0.05). Patients with high CXR
scores were admitted to the ICU more frequently than did those with low scores. Moreover, CXR severity scores were used
to predict admission location; most patients with high RALE scores were admitted to the ICU or intermediate units, 75
(59.5%) patients with moderate and severe CXR scores were admitted to the ICU or intermediate units, and there was
a significant correlation between CXR severity scores and admission location (χ2=21.01, P=0.002), as shown in Table 3.

Inter-rater and intra-rater reliability results were good for the modified RALE score, with intraclass correlation
coefficients of 0.86 (95% CI: 0.80, 0.92), and 0.84 (95% CI: 0.75, 0.92), respectively. As per the results in Table 3, there
was a significant correlation between CXR severity score and mortality rate (P<0.001); in fact, 73 (97.3%) patients that
died due to COVID-19 infection had moderate and severe CXR scores.

The experimental results can be considered as evidence on the association of CXR severity with outcome in COVID-19.
Also, it has a significant positive impact on the management of Covid by predicting the clinical outcomes of COVID-19 in
Jordan, Specifically. Besides the novelty of the findings, since this is the first study on severity scores, comorbidity
prevalence, and outcomes of patients with COVID-19 disease.

Discussion
One of the most important goals during the COVID-19 pandemic is to perform the most effective and cost-effective
medical procedures, especially in resource-limited countries, such as Jordan. Reducing the time of the patient’s presence
in the emergency department and increasing the quality of the decision on patient admission location. Most of the studies
on COVID-19 have focused on the role of CT.11,19 However, to the best of our knowledge, the present study is the first to
examine the correlation between CXR and NCD, admission location, and discharge status in Jordan.

Table 2 Sex-Based Comparison of the Patients with COVID-19 (N=148)

Variable Males (n=64) Females (n=84) Chi-Square (χ2) P-value

DM 51 (63.0%) 30 (37.0%) 2.80 0.06

HTN 42 (43.7%) 54 (56.3%) 5.12 0.01*

Dyslipidemia 9 (47.3%) 10 (52.7%) 0.783 0.26

Admission location 29.3 <0.001*

General floor 14 (20.3%) 55 (79.7%)

Intermediate 21 (72.4%) 8 (27.6%)

ICU 29 (58%) 21 (42%)

Note: *P-values ≤0.05 indicate significant differences.
Abbreviations: COVID-19, coronavirus disease 2019; DM, diabetes mellitus; HTN, hypertension; ICU, intensive care unit.
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The findings of this study have shown a significant correlation between CXR and the admission location, which can be
solid evidence for the use of CXR combined with RT-PCR results to decide the admission location during the COVID-19
pandemic. Moreover, the CXR procedure is more accessible, cost-effective, timesaving, and more controlled regarding the
infection control measures than the CT procedure.

Furthermore, the findings of this study support previous findings of a study conducted in Italy,11 which used
a semiquantitative severity score and showed perfect interobserver agreement and significant correlations with clinical
parameters.

Moreover, the findings support another study that has examined the effect of severity scoring systems in the
prediction of patient outcomes.24 The study used the Brixia score, where the results recommended using the Brixia
score for mortality prediction.

Due to the development of Artificial Intelligence (AI) techniques, the scoring of CXR became one of the interesting
topics, where the studies perform a comparison between the AI models and severity scores in terms of the level of
accuracy for the prediction of patient outcomes.25,26 From this standpoint, the studies recommend the utilization of AI in
combination with early warning scores to optimize the performance of the prediction techniques.

In the present study, we examined the correlation between CXR severity, NCD prevalence, admission location, sex,
and discharge status. This study showed a positive relationship between NCD prevalence in patients with COVID-19
infection and CXR severity; patients with HTN had CXR scores of higher severity than did patients without HTN; there
was no significant correlation between DM, dyslipidemia, and CXR scores.

Table 3 Chest X-Ray Severity Groups

Comorbidity CXR Severity Group χ2 P-value

Normal Mild Moderate Severe

DM 6.44 0.09

Yes 1 9 36 35

No 7 5 27 28

HTN 7.65 0.05*

Yes 2 11 44 39

No 6 3 19 24

Dyslipidemia 4.56 0.24

Yes 1 4 5 9

No 7 10 58 54

Admission to: 21.01 0.002*

General floor 8 10 32 19

Intermediate 0 2 13 14

ICU 0 2 18 30

Discharge status 25.43 0.001*

Alive 8 12 34 19

Dead 0 2 29 44

Note: *P-values ≤0.05 indicate significant difference.
Abbreviations: CXR, chest x-ray; DM, diabetes mellitus; HTN, hypertension; ICU, intensive care unit.

https://doi.org/10.2147/IJGM.S360851

DovePress

International Journal of General Medicine 2022:155108

Gharaibeh et al Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


In addition, all patients with severe scores were admitted to the ICU or intermediate unit; these findings suggest that
CXR severity scores may help determine the need for critical care, thereby enabling a prudent use of healthcare
resources.16,17 Most patients with severe CXR scores died due to COVID-19-related complications while being treated
in the ICU or intermediate unit; meanwhile, some patients died while being treated on the general floor. These findings
highlight the strain that the Jordanian healthcare system has come under during this pandemic, with the number of beds,
personal protective equipment supplies, and availability of medical staff all being limited.

In this study, we evaluated CXR severity scores and their association with COVID-19 prognosis. To our knowledge,
only one other study has examined severity scores, comorbidity prevalence, and outcomes of patients with COVID-19
disease treated in Jordan. This study had some limitations. First, this study was retrospective, single-centered, and
included small sample size, all of which may limit the generalization of the findings as only Jordanian patients were
included. Future studies should include larger samples or a wider range of patients to validate the present findings and
further elucidate the role of CXR severity scores in triaging COVID-19 infected patients in the emergency department
and predicting in-hospital outcomes of these patients.

Conclusion
Overall, the aims of this study were achieved. The present findings suggest that using CXR severity scores may help
predict patient trajectory, supporting the prudent use of resources under the strain associated with the COVID-19
pandemic. These findings may be relevant to under-resourced countries such as Jordan. Further research is required to
validate these findings and elucidate the underlying mechanisms. We highly recommend the use of CXR combined with
RT-PCR results to decide the admission location, which can lead to improved quality of care and more effective use of
healthcare resources.
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