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2 Methods 
- Didn’t correlate with clinical outcome 
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- How it will predict disease course and 
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advance medical care? 
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severity of the chest x-ray 
when patient first come.  
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- Relationship between severity of score 
and mortality? 
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- Chest x-ray which day of the illness was 
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days of illness 
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xray during admission to 
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scoring for the serial 
photos.  

3 Limitation 
- No need to mention control group to 

evaluate sensitivity and specificity 
- Gold standard haven’t been mentioned 

(RT-PCR) 
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4 Conclusion 
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the progression of disease on chest x-ray and 
correlated with clinically progression of disease, 
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hospital. 

5 Figure 2 
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scoring  
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abnormality for illustrating 
the application of our 
modified scoring.  
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- Conclusion (systems instead of system), 

(can help determine not determined), 
(shortage of resources instead of 
facilities) 

- Many typos; a complete revision and 
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- Chest X-Rays 
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according to the type of pulmonary 
abnormalities? 

- "were calculated its normality with 
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performed the analysis of the X-RAY? how 
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experience? in consensus? 
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patient’s admission 
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ED or outpatient 
wards.  
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patient with positive 
PCR test and with 
positive covid chest 
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pulmonary 
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next sentence (line 
145-147) 
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the definition of the 
observer in second 
paragraph of the 
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116. 

- We revised the 
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“Kolmogorov 



 4 

Smirnov were used 
to assess normality 
of the distribution.“ 

3 Result 
- Must be in past tense 

Thank you for the 
correction, we have revised 
the inappropriate language. 

4 Statistical analysis  
- A statistical analysis to assess the 

correlation of the different radiological 
scores with the patients outcome is 
needed 
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correlation of the different 
radiological score regarding 
with the clinical feature, 
but we didn’t measure it 
with the outcome. Thank 
you for the suggestion we 
will include it in future 
studies suggestion.  

5 Introduction 
- considering... there are many 

asymptomatic cases (replace the 
correspondent part) 

- Explain the abbreviation CFR 
- "in patients with COVID-19 pneumonia in 

Italy10, Tongji Hospital, Wuhan; Azienda 
Socio Sanitaria Territoriale, Spedali Civili 
of Brescia, Italy" this part of the sentence 
is unclear. Was this score tested in Italy 
and China??? Dott Wong et al (reference 
11) did not apply the RALE score in their 
analysis, but a score based on the % of 
the affected lung, with a global score from 
0 to 8. The same score proposed by Wong 
was used in other studies (e.g: Cellina M, 
Panzeri M, Oliva G. Chest Radiography 
Features Help to Predict a Favorable 
Outcome in Patients with Coronavirus 
Disease 2019. Radiology. 2020 
Oct;297(1):E238. doi: 
10.1148/radiol.2020202326; Orsi MA, 
Oliva G, Toluian T, Valenti Pittino C, 
Panzeri M, Cellina M. Feasibility, 
Reproducibility, and Clinical Validity of a 
Quantitative Chest X-Ray Assessment for 
COVID-19. Am J Trop Med Hyg. 2020 
Aug;103(2):822-827. doi: 
10.4269/ajtmh.20-0535. ):. Describe the 

 
- Yes, we have added 

it in the 
abbreviation  

- Yes, Brixia score was 
widely used in Italy, 
also in reference 10, 
they included it in 
the study. 

- We founded in the  
M&M section of the 
literature that Wong 
et al did mentioned 
the radiograph 
scoring he used in 
the methods, and it 
is indeed RALE Score 
introduced by 
Warren et al., but 
even so we have 
added the 
statement that the 
methods were 
presented by Wong 
et al. (Line 93-100) 

-  We agree that 
general 
practitioners will be 
in difficulties dealing 
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score proposed by Wong et al as a 
possible alternative to the RALE and Brixia 
scores, adding the suggested references 
and verify if other published studies 
analysed the usefulness of this score 

- I do not think that radiological scores 
based on the interpretation of chest X-
Rays could be performed by general 
practitioners, especially when dealing 
with interstitial pneumonia 

with interstitial 
pneumonia, but in 
this study, we want 
to simplify general 
abnormalities due 
to lack of specialist 
in rural area and 
increasing number 
of covid cases. 
Hopefully, general 
practitioner may 
involve in covid 
management.  

6 Discussion 
what do you men by "good spatial granularity "? 

We have revised this 
statement.  
Good spatial granularity 
means that they evaluate 
the lesion in detailed from 
area distribution as well as 
the presentation of 
interstitial to alveolar 
infiltration.   
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Abstract:  23 

Introduction : The management of COVID-19 patients requires efficiency and accuracy in 24 
methods of detection, identification, monitoring, and treatment feasible in every hospital. Aside 25 
from clinical presentations and laboratory markers, chest x-ray imaging could also detect 26 
pneumonia caused by COVID-19. It is also a fast, simple, cheap, and safe modality used for the 27 
management of COVID-19 patients. Established scoring systems of COVID-19 chest x-ray 28 
imaging include Radiographic Assessment of Lung Edema (RALE) and Brixia classification. 29 
Modified scoring system is adopted from BRIXIA and RALE scoring system, and has been made 30 
to adjust the scoring system needs in Dr. Soetomo General Hospital, Indonesia. This study aims 31 
to determine the value of scoring systems through chest x-ray imaging in evaluating the severity 32 
of COVID-19.  33 
Methods: Data was collected from May to June of 2020 who underwent chest x-ray evaluation. 34 
Each image is then scored using three types of classifications; modified score, Warren score, and 35 
Brixia score. The scores are then analyzed and compared with the clinical conditions and 36 
laboratory markers to determine its value in evaluating the severity of COVID-19 infection in 37 
patients.  38 
Results: 115 patients were males (51.1%) and 110 were females (48.9%). All three scoring 39 
systems are significantly correlated with the clinical severity of the disease, with the strengths of 40 
correlation in order from the strongest to weakest as Brixia (p<0.01, correlation coefficient 0.232), 41 
Warren (p<0.01, correlation coefficient 0.209), and General Hospital Dr. Soetomo (p<0.01, 42 
correlation coefficient 0.194). All three scoring systems correlate significantly with each other. 43 
General Hospital Dr. Soetomo correlates more towards Brixia (p<0.01, correlation coefficient 44 
0.865) than Warren (p<0.01, correlation coefficient 0.855). Brixia to Warren correlates with a 45 
coefficient of 0.857 (p<0.01). 46 
Conclusion: The modified scoring system can help determined the severity of the disease 47 
progression in COVID-19 patients especially in areas with shortages of facility and specialists.  48 
  49 
Keywords: Brixia Score ,Chest radiographs, COVID-19, modified score, RALE Score 50 

mailto:rosy-s@fk.unair.ac.id
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Introduction 51 

COVID-19 appeared in Wuhan, China on the late December 19 with fever, cough, and myalgia as 52 

the most common symptoms.1 The disease manifests in varying degrees from mild to severe and 53 

may progress to acute respiratory distress syndrome (ARDS).2 Current case fatality rate of 54 

COVID-19 varies between countries, although the exact number of mortality rate remains 55 

unknown, due to the number of asymptomatic cases.3 Within only a few months, the pathogen 56 

had spread all over the world and contributed to a 3-5% of mortality.4 By the end of March 2020, 57 

the Case Fatality Rate (CFR) of COVID-19 in Indonesia was 8,9 %. This is higher than mean 58 

CFR all over the world.5 Radiological examination is reported to play an important role in the 59 

diagnosis of COVID-19. A systematic review of case series with a total of 919 patients in China 60 

and Korea suggested that chest X-ray (CXR) may not be reliable for diagnosing COVID-19 in its 61 

early stage. Only in its intermediate and severe stages is when COVID-19’s feature of the lungs is 62 

seen on CXR. The British Society of Thoracic Imaging (BSTI) suggested chest radiography to all 63 

seriously ill patients (oxygen saturation <94%, National early warning score (NEWS) >3) and if 64 

‘clinically required’.6 On the other hand, chest computed tomography (CT) could provide a more 65 

accurate identification of severe lung diseases in COVID-19 with a sensitivity of 83,3% and a 66 

specificity of 94%.7 Although chest-CT is more sensitive and specific than CXR, interpreting 67 

CXRs had always been a routine practice for clinicians to rule out other causes of respiratory 68 

disease.8 The lack of CT-scans and radiologists, especially in developing countries such as 69 

Indonesia, makes CXR a great substitute to diagnose and determine the severity and progression 70 

of lung abnormalities in COVID-19 patients.9 71 

 The currently established CXR scorings system are Brixia and Radiographic Assessment 72 

of Lung Edema (RALE) scoring systems. Brixia scoring system has been used widely as a tool to 73 

monitor the severity and progression of COVID-19 pneumonia in Tongji Hospital, Wuhan and 74 

Azienda Socio Sanitaria Territoriale, Spedali Civili of Brescia, Italy.10 RALE scoring system, 75 

presented by Wong et al., has been used in Queen Mary Hospital, Hong Kong; Pamela Youde 76 

Nethersole Eastern Hospital, Hong Kong; The University of Hong Kong; Shenzhen Hospital, 77 
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Shenzhen; and University Hospital Careggi.11–13 One of the important difference between the two 78 

scoring is that RALE can be done by a general practitioner due to its simplicity, while Brixia is 79 

designed to be used by a trained radiologist. The RALE scoring system only divides the lung into 80 

two regions; making it not specific for smaller lesion.14  81 

Seeing the current conditions regarding the lack of distribution of trained radiographers 82 

and radiologists in Indonesia, we proposed a CXR scoring system for evaluating the severity of 83 

COVID-19 patients in Dr. Soetomo General Hospital, Surabaya, Indonesia. A modified scoring 84 

system is adopted from Brixia and RALE scoring systems, and has been made to adjust to the 85 

needs and resources in Dr. Soetomo Academic General Hospital, Indonesia. This scoring system 86 

is aimed to be applicable for mild pneumonia cases and provide a faster and more accurate 87 

analysis. This study aims to determine the value of scoring systems through CXR imaging in 88 

evaluating the severity of COVID-19. 89 

Material and methods 90 

This is a retrospective study of patients with RT-PCR-confirmed COVID-19 in Dr. 91 

Soetomo Academic General Hospital. This study was conducted in accordance with the 92 

Declaration of Helsinki. This study was approved by the Medical Research Ethic Committee of Dr. 93 

Soetomo Academic General Hospital, Surabaya. All participants included had given their written 94 

informed consent to participate in this study during admission. In cases of decrease of 95 

consciousness and severe illness written informed consent were represented by next of kin.  96 

 We included 225 patients that came to the emergency ward and outpatient clinic from 97 

May – June 2020. Every patient with symptoms and had RT-PCR-confirmed COVID-19 and 98 

positive CXR abnormalities was included. In this study, we analyzed the initial CXR of when the 99 

patient was first admitted. The CXRs were analyzed by 2 radiologists with an experience of more 100 

than 10 years.  101 

Chest radiographs were acquired following the usual protocols and performed with 102 

posteroanterior or anteroposterior projection. The radiographs were then interpreted as normal or 103 

abnormal. The abnormalities are described by the distribution (upper zone predominant, middle 104 
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zone predominant, or lower zone predominant), side (right or left lung), and peripheral or perihilar 105 

dominance. Other features, such as pleural effusions and nodules, will also be mentioned.  106 

The severity based on the imaging was calculated using Brixia, RALE, and the Dr. 107 

Soetomo Academic General Hospital scoring system (Modified Chest X-ray Scoring System).  108 

Brixia scoring system divided the lungs into six regions. There were 2 lines dividing the 109 

lungs into six region; first line was drawn at the level of the inferior wall of the aortic arch and the 110 

second line at the level of the right inferior pulmonary vein. Radiologist rate each region from 0-3 111 

based on the severity of the lesion. Score 0 for no lung abnormalities, 1 for interstitial infiltrates, 2 112 

for interstitial and alveolar infiltrates (interstitial dominant), and 3 for interstitial and alveolar 113 

infiltrates (alveolar dominant). The score ranges from 0 to 18. Other findings, such as pleural 114 

effusion, pulmonary vessel enlargements were not included in Brixia scoring system.10 115 

The RALE scoring system divided the lungs into 2 regions; left and right lung. Each lung 116 

are scored 0 to 4 each; score 0 for no involvement, 1 for less than 25% involvement, 2 for 25%-117 

50% involvement, 3 for 50-75% involvement, and score 4 for more than 75% involvement. The 118 

maximum score for RALE scoring is 8.14 119 

The Modified Chest X-ray Scoring System calculated the score or severity from the 120 

posteroanterior and anterior projection of CXR by dividing the lungs into 6 regions. Two lines 121 

divided the lung horizontally, resulting in each lung into having 3 regions, as shown in (Figure 1). 122 

Each region were rated 0 to 2 based on the lesions; score 0 if there is no involvement, 1 if 123 

infiltrates or consolidations are less than 50%, and 2 if infiltrates or consolidations are more than 124 

50%. The maximum score for the Modified Chest X-ray scoring system is 12. The final scores 125 

were then classified further into mild (score 1-4), moderate (score 5-8) and severe (score 9-12). 126 

The example of the application of this scoring system is shown in (Figure 2). 127 

The data was analyzed with IBM SPSS version 25 software. Kolmogorov Smirnov were 128 

used to assess normality of the distribution of each scoring system. Spearman correlation test 129 

was used for correlating Modified Chest X-Ray scoring system with RALE and Brixia scoring 130 

system. P value of <0.01 was considered statistically significant.  131 

 132 



 10 

Results 133 

Patient Characteristics 134 

 The characteristics of patients were summarized in (Table 1). This study included 115 135 

men (51.1%) and 110 women (48.9%), with a mean age of 53 (21–81) years. Most presented 136 

with mild pneumonia (29.8%), and no comorbidities (51.1%).  137 

 138 

Chest Radiography Features 139 

Out of 225 patients, 210 patients had abnormal chest radiograph findings as shown in 140 

(Table 2). The distribution of lesion were mostly upper, middle and lower zone predominance 141 

(103 of 225; 45.6%). A total of 179 out of 225 (79.2%) presented with lesions on bilateral lungs, 142 

and 121 out of 225 (53.5%) were peripheral dominant. Other features on CXR included pleural 143 

effusion in 28 patients (12.4%) and pulmonary nodules in 33 patients (14.6%). 144 

 145 

Chest Radiography Scoring and Clinical Feature 146 

Based on the RALE scores, most patients of all clinical characteristics scored 5 (17.3%). 147 

Asymptomatic patients and those with mild pneumonia mostly scored 2 (11 patients, 4.9%, and 148 

17 patients, 7.6%). Patients with severe pneumonia mostly scored in 5 (9 patients, 4%), while 149 

those with ARDS mostly scored 4 and 5 (4 patients, 1.8%). Septic patients mostly scored 7 (7 150 

patients, 3.1%), while patients with septic shock mostly scored 5 (7 patient, 3.1%). 151 

 On the other hand, the Brixia scores ranged from 0–18. Most patients scored 6 (22 152 

patients, 9.8%). Asymptomatic patients scored 6 (11 patient, 4.9%), while most of the patient with 153 

mild pneumonia scored 5 (8 patients, 3.6%); those with severe pneumonia scored 7 (7 patients, 154 

3.1%); those with ARDS patients scored 6; 15, and 18 (2 patients, 0.9%); septic patients scored 6 155 

(5 patients, 2.2%); and septic shock patients scored 14 (6 patients, 2.7%). 156 

 The Modified Chest X-ray score ranged from 0-12. Most patients scored in 6 (30 patients, 157 

13.3%), while there were no patients who scored 13-17. Asymptomatic patients mostly scored in 158 

6 (11 patients, 4.9%); patients with mild pneumonia mostly scored in 9 (11 patients, 4.9%); 159 
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patients with severe pneumonia mostly scored in 6 (10 patients, 4.4%). ARDS patients scored in 160 

7 (4 patients, 1.8%); septic patients mostly scored in 5 (6 patients, 2.7%); while patients with 161 

septic shock mostly scored in 10 (7 patients, 3.1%).  162 

 Based on (Table 3), most patients were classified as severe based on the CXR score 163 

classification (92 patients, 40.89%). Most patients with mild CXR score classification also 164 

presented with mild clinical presentation (19 patients, 44.19%). Those classified as moderate 165 

were mostly asymptomatic and had a clinical feature of mild pneumonia (23 patients, 25.5%), 166 

while those classified as severe in CXR classification mostly had mild pneumonia as a clinical 167 

feature (25 patients, 27.17%) 168 

Correlation of Chest Radiography Scoring Categorized and Clinical feature 169 

 The correlation coefficient of the CXR was 0.164 (p<0.01). 170 

Chest Radiography Scoring Correlation with Each Other  171 

 The correlation coefficient between the Modified chest X-Ray score and Brixia score was 172 

0.865 (p<0.01), and the correlation coefficient of the Modified chest X-Ray score and RALE score 173 

was 0.855 (p<0.01) (Table 4). On the other hand, the correlation coefficient of Brixia and RALE 174 

score was slightly lower, which was 0.802 (p<0.01). This indicated that the Modified Chest X-ray 175 

Scoring System had a higher correlation coefficient relative to both established Brixia and RALE 176 

scoring system.  177 

Discussion 178 

In this pandemic, an accurate radiological approach is necessary for a more rapid 179 

classification of COVID-19 patients. CXR may not be as sensitive as CT, but it still plays a major 180 

role in developing countries that lack more sophisticated modalities. Moreover, CXR can be 181 

brought to the patient’s bedside, minimizing the risk of cross-infections.15 Although CXR has a low 182 

sensitivity for early-stage disease of COVID-19, it can be used for monitoring the advancement 183 

and preceding stages of COVID-19 especially in critical care. 16 184 

Signorino et al. stated that Brixia score system to be a good scoring system, that 185 

provided detailed presentation and distribution of the lung (6 regions) and a sensibility (4 levels).17 186 
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Borghesi et al. also stated that Brixia scoring is a very useful method for ranking the stratification 187 

risk of patients with COVID-19 infection based on the severity of cases.10 However, Brixia scoring 188 

requires a trained radiologist to interpret a CXR, due to its more complex indicators and nature for 189 

diagnosing COVID-19 pneumonia. This could be an obstacle for primary healthcare physicians 190 

who require an accurate and simple technique for early diagnosis of COVID-19 pneumonia, but 191 

lack the knowledge and experience to do so. Meanwhile, RALE scoring can predict supplemental 192 

oxygen requirement and the needs of ICU admission for mechanical ventilation.15,18 Compared to 193 

Brixia, RALE scoring lacks a detailed and more complex indicators in scoring chest x-rays to 194 

diagnose COVID-19 pneumonia. We introduced the use of the Modified Chest X-ray Scoring 195 

System of Dr. Soetomo Academic General Hospital and compared it with the established Brixia 196 

and RALE scoring systems. 197 

In this study, we found that most of the patients with severe clinical presentation (severe 198 

pneumonia, ARDS, sepsis, and septic shock) had 5 or more score with RALE scoring system. 199 

Meanwhile, patients with severe clinical presentation had 6 or more score with the Brixia scoring. 200 

The Modified Chest X-Ray scoring system showed 5 or more score for patients with severe 201 

clinical presentation.  202 

All three scoring systems correlated significantly to each other. Modified Chest X-ray 203 

Scoring System of General Hospital Dr. Soetomo correlates more towards Brixia (p<0.01, 204 

correlation coefficient 0.865) than RALE (p<0.01, correlation coefficient 0.855). This result 205 

indicates the reliability of Modified Chest X-ray Scoring System in diagnosing COVID-19 206 

pneumonia, and can help in the determination of management of COVID-19 patients early on. 207 

However, it should also be noted that COVID-19 patients don’t always present with pneumonia. 208 

Modified Chest X-ray Scoring System helps medical professionals in diagnosing COVID-209 

19 pneumonia through a simple and fast method. Further study regarding its efficacy on a larger 210 

scale and possibly more heterogenous cases and should be performed in the hopes of its 211 

implementation on multiple healthcare center with X-ray devices and without CT scans. Also, 212 

study of correlation of the scoring and the outcome of care with serial radiographs will add great 213 
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value to predict patient condition, monitoring progression, later stages of COVID-19, and better 214 

management of the disease. 215 

The main limitation of this study is the lack of comparison between the scoring systems 216 

and patient’s clinical condition because some clinical data were only available in a small 217 

percentage of subjects. Another limitation of this study is the lack of comparison between chest x-218 

ray score and patient comorbidities (i.e., hypertension, diabetes, cardiovascular disease, and 219 

oncologic history) or final outcome. 220 

Conclusion 221 

Chest radiography can be considered as a tool to diagnose or measure severity of 222 

COVID-19 with certain approach through scoring systems such as Brixia Score, RALE Score, and 223 

the Modified Chest X-Ray score, although it may still be less sensitive than CT-Scan. The 224 

modified scoring system can help determine COVID-19 patient’s severity, especially in areas with 225 

shortages of resources and specialists.   226 
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 Table 1: Sample Characteristic at Presentation 278 

Parameter No. of Patients 

(n = 225) 

Patient Characteristic  

Male  115 (51.1%) 

Female 110 (48.9%) 

Age (year) 53 ± 13 

Comorbidities  

No comorbid 115 (51.1%) 

Hypertension 10 (4.4%) 

Obesity 4 (1.8%) 

Diabetes 17 (7.6%) 

Heart abnormalities 5 (5%) 
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Other lung abnormalities 6 (2.7%) 

Renal abnormalities 4 (1.8%) 

Hepatitis 9 (4.0%) 

Combine comorbid  40 (6.7%) 

Others  15 (6.5%) 

 279 

Table 2: Radiographic  findings on Chest Radiographs 280 

Radiographic Characteristic No. of Findings 

(n = 225) 

Normal chest radiograph 15 (6.6%) 

Distribution of lesion  

Upper Zone predominant 1 (0.4%) 

Middle Zone predominant 4 (1.8%) 

Lower Zone predominant 33 (14.6%) 

Upper and Middle zone predominant 3 (1.3%) 

Upper and Lower zone predominant 1 (0.4%) 

Middle and Lower zone predominant 65 (28.8%) 

Upper, Middle, and Lower zone 

predominant 

103 (45.6%) 

Right Lung 14 (6.2%) 

Left Lung 17 (7.5%) 

Bilateral Lung 179 (79.2%) 

Peripheral predominant 121 (53.5%) 

Perihilar predominant 5 (2.2%) 
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Peripheral and perihilar predominant 84 (37.2%) 

Lung Abormality Features on chest x-ray 

       Reticular-nodular opacities 

       Patchy opacities 

33 (11.6%) 

35 (12.4%) 

       Consolidation 187(66.1%) 

Pleural effusion 28  (9.8 %) 

 281 

 282 

Table 3: Modified Chest X-ray Scores  and Clinical Feature Classification 283 

 

 

Asympto

matic 

Mild 

pneumo

nia 

Severe 

Pneumo

nia 

ARDS Sepsis Septic 

shock 

Total 

Mild  8 19 5 3 4 4 43 

Moderate 23 23 14 7 14 9 90 

Severe 11 25 19 5 15 17 92 

 284 

 285 

Table 4: Analysis result Spearman’s Correlation of Modified  Chest x-ray, Brixia and 286 

RALE scores 287 

 Brixia Score RALE Score 

Modified  Chest-xray Score r = 0.865 

p < 0.001 

n = 225 

r = 0.855 

p < 0.001 

n = 225 

RALE Score r =0.802 

p < 0.001 
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n = 225 

 288 

Figure Legends 289 

 290 

Figure 1. Lung field division using modified chest x-ray scoring system on chest posteroanterior 291 

(PA) projection, The lung field is divided into six zones lower zone (1 or 2) is under the inferior 292 

wall of the lower right pulmonary vein (lung base), middle zones (3 or 4) is below the inferior wall 293 

of the aortic arch and above the inferior wall of the lower right pulmonary vein (i.e., hilar 294 

structures),  and  upper zone (5 or 6) is above the inferior wall of the aortic arch 295 

 296 

 297 
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 298 

Figure 2. Two Case Ilustrations of applying Modified Chest X-ray Scoring System on AP 299 

projection. (A).  The total calculated score of the 6 chest divisions is 4, classified as mild  severity 300 

score. (B)  The total calculated score of the 6 chest divisions is 9, classified as severe severity 301 

score 302 

 303 

 304 
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Introduction: The management of COVID-19 patients requires efficiency and accuracy in

methods of detection, identification, monitoring, and treatment feasible in every hospital.

Aside from clinical presentations and laboratory markers, chest x-ray imaging could also

detect pneumonia caused by COVID-19. It is also a fast, simple, cheap, and safe modality

10used for the management of COVID-19 patients. Established scoring systems of COVID-19

chest x-ray imaging include Radiographic Assessment of Lung Edema (RALE) and Brixia

classification. A modified scoring system has been adopted from BRIXIA and RALE scoring

systems and has been made to adjust the scoring system needs at Dr. Soetomo General

Hospital, Indonesia. This study aims to determine the value of scoring systems through chest

15x-ray imaging in evaluating the severity of COVID-19.

Methods: Data were collected from May to June of 2020 who underwent chest x-ray

evaluation. Each image is then scored using three types of classifications: modified score,

RALE score, and Brixia score. The scores are then analyzed and compared with the clinical

conditions and laboratory markers to determine their value in evaluating the severity of

20COVID-19 infection in patients.

Results: A total of 115 patients were males (51.1%) and 110 were females (48.9%). All

three scoring systems are significantly correlated with the clinical severity of the disease,

with the strengths of correlation in order from the strongest to weakest as Brixia score

(p<0.01, correlation coefficient 0.232), RALE score (p<0.01, correlation coefficient 0.209),

25and Dr. Soetomo General Hospital score (p<0.01, correlation coefficient 0.194). All three

scoring systems correlate significantly with each other. Dr. Soetomo General Hospital score

correlates more towards Brixia score (p<0.01, correlation coefficient 0.865) than RALE score

(p<0.01, correlation coefficient 0.855). Brixia to RALE score correlates with a coefficient of

0.857 (p<0.01).

30Conclusion: The modified scoring system can help determine the severity of the disease

progression in COVID-19 patients especially in areas with shortages of facilities and

specialists.

Keywords: Brixia score, chest radiographs, COVID-19, modified score, RALE score

Introduction
35COVID-19 appeared in Wuhan, China on the late December 19 with fever, cough,

and myalgia as the most common symptoms.1 The disease manifests in varying

degrees from mild to severe and may progress to acute respiratory distress syn-

drome (ARDS).2 In current cases, the fatality rate of COVID-19 varies between

countries, although the exact number of mortality rate remains unknown, due to the
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40 number of asymptomatic cases.3 Within only a few

months, the pathogen had spread all over the world and

contributed to a 3–5% of mortality.4 By the end of

March 2020, the Case Fatality Rate (CFR) of COVID-19

in Indonesia was 8.9%. This is higher than the mean CFR

45 all over the world.5 Radiological examination is reported

to play an important role in the diagnosis of COVID-19.

A systematic review of case series with a total of 919

patients in China and Korea suggested that chest X-ray

(CXR) may not be reliable for diagnosing COVID-19 in

50 its early stage. Only in its intermediate and severe stages is

when COVID-19’s feature of the lungs is seen on CXR.

The British Society of Thoracic Imaging (BSTI) suggested

chest radiography to all seriously ill patients (oxygen

saturation <94%, National early warning score (NEWS)

55 >3) and if “clinically required”.6 On the other hand, chest

computed tomography (CT) could provide a more accurate

identification of severe lung diseases in COVID-19 with

a sensitivity of 83.3% and a specificity of 94%.7 Although

chest-CT is more sensitive and specific than CXR, inter-

60 preting CXRs had always been a routine practice for

clinicians to rule out other causes of respiratory disease.8

The lack of CT-scans and radiologists, especially in devel-

oping countries such as Indonesia, makes CXR a great

substitute to diagnose and determine the severity and pro-

65 gression of lung abnormalities in COVID-19 patients.9

The currently established CXR scoring systems are

Brixia and Radiographic Assessment of Lung Edema

(RALE) scoring systems. Brixia scoring system has been

widely used as a tool to monitor the severity and progres-

70 sion of COVID-19 pneumonia in Tongji Hospital, Wuhan

and Azienda Socio Sanitaria Territoriale, Spedali Civili of

Brescia, Italy.10 RALE scoring system, presented by Wong

et al, has been used in Queen Mary Hospital, Hong Kong;

Pamela Youde Nethersole Eastern Hospital, Hong Kong;

75 The University of Hong Kong; Shenzhen Hospital,

Shenzhen; and University Hospital Careggi.11–13 One of

the important differences between the two scorings is that

RALE can be done by a general practitioner due to its

simplicity, while Brixia is designed to be used by a trained

80 radiologist. The RALE scoring system only divides the

lung into two regions, making it not specific to smaller

lesions.14

Seeing the current conditions regarding the lack of

distribution of trained radiographers and radiologists in

85 Indonesia, we proposed a CXR scoring system for evalu-

ating the severity of COVID-19 patients in Dr. Soetomo

General Hospital, Surabaya, Indonesia. A modified scoring

system has been adopted from Brixia and RALE scoring

systems, and has been made to adjust to the needs and

90resources of Dr. Soetomo General Hospital Surabaya,

Indonesia. This scoring system is aimed to be applicable

to mild pneumonia cases and provide a faster and more

accurate analysis. This study aims to determine the value

of scoring systems through CXR imaging in evaluating the

95severity of COVID-19.

Materials and Methods
This is a retrospective study of patients with RT-PCR-

confirmed COVID-19 in Dr. Soetomo General Hospital.

This study was conducted in accordance with the

100Declaration of Helsinki. This study was approved by the

Medical Research Ethics Committee of Dr. Soetomo

General Hospital, Surabaya. All participants included had

given their written informed consent to participate in this

study during admission. In cases of decreased conscious-

105ness and severe illness, written informed consent was

represented by next of kin.

We included 225 patients who came to the emergency

ward and outpatient clinic from May – June 2020. Patients

with symptoms and who had RT-PCR-confirmed COVID-

11019 and positive CXR abnormalities were included. In this

study, we analyzed the initial CXR of when the patient

was first admitted. The CXRs were analyzed by 2 radiol-

ogists with an experience of more than 10 years.

Chest radiographs were acquired following the usual

115protocols and performed with posteroanterior or antero-

posterior projection. The radiographs were then interpreted

as normal or abnormal. The abnormalities are described by

the distribution (upper zone predominant, middle zone

predominant, or lower zone predominant), side (right or

120left lung), and peripheral or perihilar dominance. Other

features, such as pleural effusions and nodules, will also be

mentioned.

The severity based on the imaging was calculated using

Brixia, RALE, and the Dr. Soetomo General Hospital

125scoring system (Modified Chest X-ray Scoring System).

Brixia scoring system divided the lungs into six regions.

There were 2 lines dividing the lungs into six regions; the

first line was drawn at the level of the inferior wall of the

aortic arch and the second line at the level of the right

130inferior pulmonary vein. Radiologists rate each region

from 0 to 3 based on the severity of the lesion. Score 0 for

no lung abnormalities, 1 for interstitial infiltrates, 2 for

interstitial and alveolar infiltrates (interstitial dominant),

and 3 for interstitial and alveolar infiltrates (alveolar
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135 dominant). The score ranges from 0 to 18. Other findings,

such as pleural effusion and pulmonary vessel enlargements,

were not included in Brixia scoring system.10

The RALE scoring system divided the lungs into 2

regions, left and right lung. Each lung is scored from 0

140 to 4 each; score 0 for no involvement, 1 for less than 25%

involvement, 2 for 25%-50% involvement, 3 for 50–75%

involvement, and score 4 for more than 75% involvement.

The maximum score for RALE scoring is 8.14

The Modified Chest X-ray Scoring System calculated

145 the score or severity from the posteroanterior and anterior

projection of CXR by dividing the lungs into 6 regions.

Two lines divided the lung horizontally, resulting in each

lung into having 3 regions, as shown in (Figure 1). Each

region was rated 0 to 2 based on the lesions; score 0 if

150 there is no involvement, 1 if infiltrates or consolidations

are less than 50%, and 2 if infiltrates or consolidations are

more than 50%. The maximum score for the Modified

Chest X-ray scoring system is 12. The final scores were

then classified further into mild (score 1–4), moderate

155 (score 5–8) and severe (score 9–12). The example of the

application of this scoring system is shown in (Figure 2).

The data were analyzed with IBM SPSS version 25

software. Kolmogorov–Smirnov test was used to assess

the normality of the distribution of each scoring system.

160 Spearman correlation test was used to correlate Modified

Chest X-Ray scoring system with RALE and Brixia

scoring system. P value of <0.01 was considered statisti-

cally significant.

Results
165Patient Characteristics

The characteristics of patients were summarized in (Table

1). This study included 115 men (51.1%) and 110 women

(48.9%), with a mean age of 53 (21–81) years. Most

presented with mild pneumonia (29.8%), and no comor-

170bidities (51.1%).

Chest Radiography Features
Out of 225 patients, 210 patients had abnormal chest

radiograph findings as shown in (Table 2). The distribution

of lesions was mostly upper, middle and lower zone pre-

175dominance (103 of 225; 45.6%). A total of 179 out of 225

(79.2%) presented with lesions on bilateral lungs, and 121

out of 225 (53.5%) were peripheral dominant. Other fea-

tures of CXR included pleural effusion in 28 patients

(12.4%) and pulmonary nodules in 33 patients (14.6%).

180Chest Radiography Scoring and Clinical

Feature
Based on the RALE scores, most patients of all clinical

characteristics scored 5 (17.3%). Asymptomatic patients

and those with mild pneumonia mostly scored 2 (11

185patients, 4.9%, and 17 patients, 7.6%). Patients with severe

pneumonia mostly scored in 5 (9 patients, 4%), while

those with ARDS mostly scored 4 and 5 (4 patients,

1.8%). Septic patients mostly scored 7 (7 patients, 3.1%),

while patients with septic shock mostly scored 5 (7

190patients, 3.1%).

On the other hand, the Brixia scores ranged from 0 to

18. Most patients scored 6 (22 patients, 9.8%).

Asymptomatic patients scored 6 (11 patients, 4.9%),

while most of the patients with mild pneumonia scored 5

195(8 patients, 3.6%); those with severe pneumonia scored 7

(7 patients, 3.1%); those with ARDS patients scored 6; 15,

and 18 (2 patients, 0.9%); septic patients scored 6 (5

patients, 2.2%); and septic shock patients scored 14 (6

patients, 2.7%).

200The Modified Chest X-ray score ranged from 0 to 12.

Most patients scored in 6 (30 patients, 13.3%), while there

were no patients who scored 13–17. Asymptomatic

patients mostly scored in 6 (11 patients, 4.9%); patients

with mild pneumonia mostly scored in 9 (11 patients,

2054.9%); patients with severe pneumonia mostly scored in

Figure 1. Lung field division using Modified Chest X-ray Scoring System on chest

posteroanterior (PA) projection, The lung field is divided into six zones lower zone

(1 or 2) is under the inferior wall of the lower right pulmonary vein (lung base),

middle zones (3 or 4) is below the inferior wall of the aortic arch and above the

inferior wall of the lower right pulmonary vein (ie, hilar structures), and upper zone

(5 or 6) is above the inferior wall of the aortic arch.
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6 (10 patients, 4.4%). ARDS patients scored in 7 (4

patients, 1.8%); septic patients mostly scored in 5 (6

patients, 2.7%); while patients with septic shock mostly

scored in 10 (7 patients, 3.1%).

210 Based on (Table 3), most patients were classified as

severe based on the CXR score classification (92 patients,

40.89%). Most patients with mild CXR score classification

also presented with mild clinical presentation (19 patients,

44.19%). Those classified as moderate were mostly

215 asymptomatic and had a clinical feature of mild pneumo-

nia (23 patients, 25.5%), while those classified as severe in

CXR classification mostly had mild pneumonia as

a clinical feature (25 patients, 27.17%)

Correlation of Chest Radiography Scoring

220Categorized and Clinical Feature

The correlation coefficient of the CXR was 0.164

(p<0.01).

Figure 2. Two case illustrations of applying Modified Chest X-ray Scoring System on AP projection. (A). The total calculated score of the 6 chest divisions is 4, classified as

mild severity score. (B) The total calculated score of the 6 chest divisions is 9, classified as severe severity score.

Table 1. Sample Characteristic at Presentation

Parameter No. of Patients

(n = 225)

Patient Characteristic

Male 115 (51.1%)

Female 110 (48.9%)

Age (year) 53 ± 13

Comorbidities

No comorbid 115 (51.1%)

Hypertension 10 (4.4%)

Obesity 4 (1.8%)

Diabetes 17 (7.6%)

Heart abnormalities 5 (5%)

Other lung abnormalities 6 (2.7%)

Renal abnormalities 4 (1.8%)

Hepatitis 9 (4.0%)

Combine comorbid 40 (6.7%)

Others 15 (6.5%)

Table 2. Radiographic Findings on Chest Radiographs

Radiographic Characteristic No. of Findings

(n = 225)

Normal chest radiograph 15 (6.6%)

Distribution of lesion

Upper Zone predominant 1 (0.4%)

Middle Zone predominant 4 (1.8%)

Lower Zone predominant 33 (14.6%)

Upper and Middle zone predominant 3 (1.3%)

Upper and Lower zone predominant 1 (0.4%)

Middle and Lower zone predominant 65 (28.8%)

Upper, Middle, and Lower zone predominant 103 (45.6%)

Right Lung 14 (6.2%)

Left Lung 17 (7.5%)

Bilateral Lung 179 (79.2%)

Peripheral predominant 121 (53.5%)

Perihilar predominant 5 (2.2%)

Peripheral and perihilar predominant 84 (37.2%)

Lung Abormality Features on chest x-ray

Reticular-nodular opacities

Patchy opacities

33 (11.6%)

35 (12.4%)

Consolidation 187(66.1%)

Pleural effusion 28 (9.8%)
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Chest Radiography Scoring Correlation with Each

Other

225 The correlation coefficient between the Modified chest

X-Ray score and Brixia score was 0.865 (p<0.01), and

the correlation coefficient of the Modified chest X-Ray

score and RALE score was 0.855 (p<0.01) (Table 4). On

the other hand, the correlation coefficient of Brixia and

230 RALE score was slightly lower, which was 0.802

(p<0.01). This indicated that the Modified Chest X-ray

Scoring System had a higher correlation coefficient rela-

tive to both established Brixia and RALE scoring systems.

Discussion
235 In this pandemic, an accurate radiological approach is

necessary for a more rapid classification of COVID-19

patients. CXR may not be as sensitive as CT, but it still

plays a major role in developing countries that lack more

sophisticated modalities. Moreover, CXR can be brought

240 to the patient’s bedside, minimizing the risk of cross-

infections.15 Although CXR has a low sensitivity to early-

stage disease of COVID-19, it can be used for monitoring

the advancement and preceding stages of COVID-19 espe-

cially in critical care.16

245 Signorino et al stated that Brixia score system to be

a good scoring system that provided detailed presentation

and distribution of the lung (6 regions) and a sensibility

(4 levels).17 Borghesi et al also stated that Brixia scoring

is a very useful method for ranking the stratification risk

250 of patients with COVID-19 infection based on the sever-

ity of cases.10 However, Brixia scoring requires a trained

radiologist to interpret a CXR, due to its more complex

indicators and nature for diagnosing COVID-19 pneumo-

nia. This could be an obstacle for primary healthcare

255physicians who require an accurate and simple technique

for early diagnosis of COVID-19 pneumonia, but lack the

knowledge and experience to do so. Meanwhile, RALE

scoring can predict supplemental oxygen requirements

and the need for ICU admission for mechanical

260ventilation.15,18 Compared to Brixia, RALE scoring

lacks a detailed and more complex indicator in scoring

chest x-rays to diagnose COVID-19 pneumonia. We

introduced the use of the Modified Chest X-ray Scoring

System at Dr. Soetomo Academic General Hospital and

265compared it with the established Brixia and RALE scor-

ing systems.

In this study, we found that most of the patients with

severe clinical presentation (severe pneumonia, ARDS, sep-

sis, and septic shock) had 5 or more score with RALE

270scoring system. Meanwhile, patients with severe clinical

presentation had 6 or more score with the Brixia scoring.

The Modified Chest X-Ray scoring system showed 5 or

more score for patients with severe clinical presentation.

All three scoring systems correlated significantly with

275one another. Modified Chest X-ray Scoring System of Dr.

Soetomo General Hospital correlates more towards Brixia

(p<0.01, correlation coefficient 0.865) than RALE

(p<0.01, correlation coefficient 0.855). This result indi-

cates the reliability of Modified Chest X-ray Scoring

280System in diagnosing COVID-19 pneumonia, and can

help in the determination of management of COVID-19

patients early on. However, it should also be noted that

COVID-19 patients do not always present with

pneumonia.

285Modified Chest X-ray Scoring System of Dr. Soetomo

General Hospital helps medical professionals in diagnos-

ing COVID-19 pneumonia through a simple and fast

method. Further study regarding its efficacy on a larger

scale and possibly more heterogeneous cases and should

290be performed in the hope of its implementation on multi-

ple healthcare center with X-ray devices and without CT

scans. Also, study of the correlation of the scoring and the

Table 3. Modified Chest X-Ray Scores and Clinical Feature Classification

Asymptomatic Mild Pneumonia Severe Pneumonia ARDS Sepsis Septic Shock Total

Mild 8 19 5 3 4 4 43

Moderate 23 23 14 7 14 9 90

Severe 11 25 19 5 15 17 92

Table 4. Analysis Result Spearman Correlation of Modified

Chest X-Ray, Brixia and RALE Scores

Brixia Score RALE Score

Modified Chest-xray Score r = 0.865

p < 0.001

n = 225

r = 0.855

p < 0.001

n = 225

RALE Score r =0.802

p < 0.001

n = 225
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outcome of care with serial radiographs will add great

value to predict patient condition, monitoring progression,

295 later stages of COVID-19, and better management of the

disease.

The main limitation of this study is the lack of compar-

ison between the scoring systems and patient’s clinical con-

dition because some clinical data were only available in

300 a small percentage of subjects. Another limitation of this

study is the lack of comparison between chest x-ray score

and patient comorbidities (ie, hypertension, diabetes, cardi-

ovascular disease, and oncologic history) or final outcome.

Conclusion
305 Chest radiography can be considered as a tool to diagnose

or measure the severity of COVID-19 with certain

approach through scoring systems such as Brixia Score,

RALE Score, and the Modified Chest X-Ray score of Dr.

Soetomo General Hospital, although it may still be less

310 sensitive than CT-Scan. The modified scoring system can

help determine COVID-19 patient’s severity, especially in

areas with shortages of resources and specialists.
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