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Abstract
Background: Diagnostic imaging plays an integral role in the evaluation 
of patients in the emergency department (ED), and its utilization has 
increased significantly in the last two decades. Chest x-ray (CXR) is an 
important diagnostic tool for diagnosing and monitoring a spectrum of 
diseases in the pediatric field, and decisions based on x- rays can have 
serious consequences for patients. 

Method: This study was a cross sectional study among 110 health care 
providers working in the emergency department. Providers were requested 
to fill out an online questionnaire consisting of 10 different cases revised 
and approved by the research committee. Each question had at least 
two important observations whether related to the chest x-ray finding or 
subsequently related diagnosis. 

Result: The health care providers were as follows: specialist 39 (27.3%), 
consultant 29 (26.4%), senior resident 22(20%), fellow 9 (8.2%), junior 
resident 15(13.6%), general practitioner 3(2.7%) and medical intern 
2(1.8%) The highest score was 100% and lowest score was 30% with a 
mean score of 64.3% (13% sd). The consultants had the highest score with 
a mean of 72.2% (11.1% sd), followed by specialists 66.37(12.8), medical 
interns 62.5% senior residents 62.45%(9.8 sd), fellows 60.2% (15.6 sd). 
Meanwhile, while the lowest scoring groups were the junior residents and 
family practitioners (53.7 and 47.7, respectively). Seventy-three percent of 
the case patients had atypical pneumonia and 80% had inspiratory film and 
boat-shaped heart CXR, and 74.5% and 72.7% of the providers reached 
the correct diagnosis of tetralogy of fallout (TOF), respectively. A total 
of 64.5% of the health care providers correctly identified foreign body 
aspiration. In the chest mass case, 35% of the providers identified the type 
the film (AP); furthermore, 26.4% missed the potential diagnosis. In the 
tension pneumothorax case, hyperlucency was still missed by 20% of the 
providers. In the lung abscess cases, only 63.6% of providers reached the 
appropriate diagnosis. For the bronchiolitis images, only 44% of providers 
were able to detect the underpenetration film and hyperinflation. A very 
alarming result was observed in describing normal film; only 28.2% of 
providers accurately recognized the description of normal thymus opacity, 
and 44.5% of providers correctly identified the normal thymus. For the soft 
tissue film, only 34.5% of providers were able to identify the appropriate 
description of the film (AP and inspiratory), and 60% of providers correctly 
identified the soft tissue on the left lateral chest wall. In pleural effusion, 
only 34.5% were able to describe the X-ray well and identified the right 
answer of lung opacity. 

Conclusion: The study results regarding x- ray interpretation in the 
pediatric emergency department are very alarming. Missing important 
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Introduction
Chest x-ray (CXR) is an important diagnostic tool in 

managing and monitoring a spectrum of diseases encountered 
in pediatric patients, including different types of pneumonia, 
complicated pneumonia, bronchiolitis, lung malformation, 
and suspected foreign body disease [1]. Every working 
day, clinicians make independent decisions based on 
paraclinical test results, and these decisions can have serious 
consequences for patients. For example, a missed diagnosis 
of pneumothorax may be life threatening. As we are not 
investigating one disease, e.g., chest radiology in patients 
infected with COVID or pneumonia, we cannot apply certain 
scoring systems, such as the RALE scoring system, which 
divides the lungs into 2 regions, the left and right lung. In 
this scoring system, each lung is scored from 0 to 4 each; 
0 for no involvement, 1 for less than 25% involvement, 2 
for 25%-50% involvement, 3 for 50–75% involvement, and 4 
for more than 75% involvement. The maximum score in the 
RALE scoring system is 8 [2].

Neither Brixia nor the modified CXR scoring system 
created by Rosy Setiawati et al. calculated the score or 
severity from the posteroanterior and anterior projection of 
CXR by dividing the lungs into 6 regions [3-4]. Two lines 
divided the lung horizontally, resulting in each lung having 
3 regions. Each region was scored from 0 to 2 based on the 
lesions as follows: 0 if there was no involvement, 1 if infiltrates 
or consolidations were less than 50%, and 2 if infiltrates or 
consolidations were more than 50%. The maximum score 
in the modified CXR scoring system is 12. The final scores 
were then classified further into mild (scores 1–4), moderate 
(scores 5–8) and severe (scores 9–12) [4].

X-rays were introduced to the medical field in 1895[1]. 
Emergency radiology (ER) plays an essential role in the 
patient's first diagnosis arriving in the hospital, both in an 
emergency and at the beginning of the patient's monitoring and 
care process. Therefore, it is necessary to carefully determine 
the location of the ER within the emergency department 
(ED), the technological equipment, the organizational 
process, and the sizing and training of staff [5]. A radiograph 
was performed in 34.4% of ED visits, and in 15.8% of visits, 
computed

tomography (CT) was performed [6]. We identified 

factors associated with successful CXR interpretation, 
including the level of training, field of training, interest 
in a pulmonary career, and overall certainty. Although 
interpretation improved with training, important diagnoses 
were still missed [7].

Approximately 3% of radiographs interpreted by 
emergency physicians (EPs) are incorrectly interpreted. 
The most commonly missed findings include fractures, 
dislocations, air-space disease, and pulmonary nodules [8]. 
There is a low discrepancy in the interpretation of pediatric 
emergency radiographs between emergency department 
physicians and radiologists. Most errors occur for radiographs 
of the chest and upper extremities. The low rate of clinically 
significant discrepancies allows for safe management 
based on EP interpretation [9]. However, emergency 
department physicians frequently miss specific radiographic 
abnormalities, and there is considerable discrepancy between 
their interpretations and those of trained radiologists. These 
findings highlight the importance of the routine evaluation 
of chest radiographs by a well-trained radiologist and 
emphasize the need for improving interpretive skills among 
emergency department physicians [10]. Specialty registrars 
and consultants scored the highest with the highest average 
certainty levels. Junior trainees felt

the least certain about making their diagnosis and were less 
likely to be correct; however, most misinterpreted radiographs 
are of no clinical significance [11,12]. Interpreting CXR with 
a radiologist's assistance might help reduce overdiagnosis 
and minimize antibiotic over prescription, thus improving the 
diagnostic accuracy of pneumonia in the ED [13]. Serrano 
CO et al. demonstrated that most symptomatic children with 
COVID-19 infection show abnormalities on CXR. Findings 
are nonspecific; therefore, a chest x-ray cannot be used to screen 
for COVID-19 as a first-line diagnostic test [14]. However, 
the absence of CXR findings does not exclude the presence 
of a foreign body; a routine chest CXR had a sensitivity of 
68-76% and specificity of 45-67% [15]. A 45° oblique view 
on expiration is recommended for radiographic imaging of 
patients with clinical signs of fracture [16]. Twenty- five 
percent of CXR images had errors in radiographic exposure 
(underexposure and overexposure), and 13% had inadequate 
respiratory maneuvers performed [17].

The objectives of this study were to check the accuracy 
of chest x-ray film interpretation by nonradiologists in the 
emergency department, to further compare the accuracy 
of interpretation among trainees of different levels and to 
determine if the input of radiologists was still needed for 
x-ray interpretation in the emergency department.

Method
In this study, clinicians reviewed cases with chest x-rays 

in the emergency department at the Prince Sultan Medical 
Military City (PSMMC). The study was conducted through 

findings is common, and this study emphasizes the importance 
of input from a radiologist for x-rays. Although algorithms 
could minimize missing findings on x- rays, further training 
programs should focus more on radiological sessions and 
collaboration with radiologists. Correct interpretation of 
x-rays is very crucial, and further studies are urgently needed 
to confirm our findings.
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a self-administered online questionnaire consisting of 10 
questions that were revised and approved by three consultants 
(certified pediatric radiologist, pediatric emergency and 
pediatric respirologist). Each question was divided into A and 
B except for question 4, which was composed of A, B and 
C. Each correctly answered question was worth 1 point, and 
the answer choices were closed. The questions were chosen 
carefully to cover different x-ray abnormalities that could be 
encountered in pediatric emergencies, and further questions 
were conducted to determine the basic knowledge of x-ray 
interpretation, e.g., inspiratory vs. expiratory, AP or PA film.

The study population was as follows: pediatric emergency 
consultants, pediatric emergency and respiratory fellows, 
pediatric emergency specialists, pediatric junior residents, 
pediatric senior residents, medical interns and primary 
health care providers. The data were collected in an Excel 
sheet. The statistical analysis was conducted using SPSS 
for Windows, version 21.0 (SPSS Inc., Chicago, IL, USA). 
A nonparametric test was employed for variables outside 
the normal distribution. Independent-samples t tests were 
used to compare data between groups. A value of P <0.05 
with a 95% confidence interval was considered statistically 
significant. The Institutional Rreview Board (IRB) approval 
was obtained from PSMMC 2022.

Results
A total of 110 health care providers completed the 

questionnaire as follows: 39 specialists (27.3%), 29 
consultants (26.4%), 22 senior residents (20%), 9 fellows 
(8.2%), 15 junior residents (13.6%), 3 general practitioners 
(2.7%) and 2 medical interns (1.8%). The highest score was 
100%, and the lowest score was 30%, with a mean of 64.3% 
(13%sd). The highest scoring group was the consultant group, 
with a mean of 72.2% (11.1% sd), followed by specialists 
(66.37 (12.8)), medical interns (62.5%), senior residents 
(62.45% (9.8 sd)), and fellows (60.2% (15.6 sd)), while the 
lowest scoring groups were the junior residents and family 
practitioners (53.7 and 47.7, respectively). Subsequently, 
the variability between the groups was significant (p value 
0.00%). (Table 1)

Atypical pneumonia was correctly identified by 73% of 
clinicians; however, it was still missed by 33.3% of general 
practitioners and fellows and by 50% of interns; additionally, 
80% of the clinicians were able to identity the inspiratory 
film. In the boat-shaped heart CXR, 74.5% and 72.7% of 
clinicians reached the right diagnosis (TOF), and the boat-
shaped heart was often missed by interns and specialists 
(43.3%, 50%, respectively), with similar results in making 
a correct diagnosis (40%, 50%, respectively). Asymmetrical 
hyperinflation was identified by 76.4% of clinicians but 
missed by 36.4%, 33.3% and 40% of senior residents, general 
practitioners and junior residents, respectively, while only 
64.5% identified potential foreign body aspiration; however, 

more than 50% of general practitioners and junior and senior 
residents missed the diagnosis, with a P value of 0.04%. In the 
case of chest masses, although 81.8% of clinicians were able 
to describe the opacity location, only 35% correctly identified 
the type of film (AP). Furthermore, 26.4% of clinicians 
missed identification of the chest mass. Eighty percent of 
clinicians correctly identified tension pneumothorax, but 
hyperlucency was still missed by 43.4%, 40% and 31.8% of 
fellows, junior residents, and senior residents, respectively, 
while 42.7% and 50% of junior residents and interns missed 
the diagnosis, respectively, with a p value of 0.012%. Lung 
cavitation was detected by 77.3% of clinicians (33.3% of 
general practitioners, junior residents and fellows missed the 
finding); furthermore, only 63.6% reached the appropriate 
diagnosis of lung abscess (72.7%, 55.6% and 53.3% general 
practitioners, fellows and junior residents missed the 
diagnosis, respectively). For the bronchiolitis images, only 
44% of clinicians were able to identify the underpenetration 
of film and hyperinflation, with a P value of 0.038%. A very 
alarming result was observed in describing normal film with 
a large thymus; only 28.2% of clinicians correctly identified 
the description of lung opacity, and 44% identified the normal 
thymus (this was missed by more than 50% of all clinician 
groups except the consultants, with a P value of 0.04%). 
For the soft tissue film, only 34.5% of clinicians were able 
to identify the appropriate description of the film (AP and 
inspiratory), and 60% identified the soft tissue swelling; 
the consultant group scored 86.2% and the specialist group 
scored 60%, while the other clinician groups scored below 
50%. In pleural effusion film, 87.3% identified the diagnosis, 
but only 34.5% of clinicians were able to adequately describe 
the x-ray and select the correct answer of lung opacity.

Discussion
The ED is a major user of medical imaging, which makes 

awareness of its trends in interpreting medical imaging 
crucial [18]. The results of chest x-ray interpretation in this 
study showed a very alarming result for interpreting common 
radiological findings in the emergency department [19,20]. 

Level Mean Number Std.Deviation

Consultant 72.21 29 11.15

Fellow 60.22 9 15.635

Junior resident 53.73 15 7.759

Medical intern 62.5 2 17.678

Other (general practitioner) 47.67 3 14.434

Senior resident 62.45 22 9.831

Specialist 66.37 30 12.848

Total 64.32 110 13.029

Table 1: Characteristics of health care providers
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Question Variable Percent of right
answer

Question 1
A typical pneumonia

a- Technique (inspiratory film)
b- picking lung infiltration 85%

80%
77.3%

Question 2
CHD

a-Boot shape heart
b-Tetralogy of Fallot

74.5%
72.7%

Question 3
Foreign body

a- Hyperinflation and radiolucency of the right-sided lung
b- Right-sided foreign body inhalation/aspiration

76.4%
64.5%

Question 4
Chest mass a- Type of the film (AP/PA)

b- Homogenous opacity in right upper and medial zone
c- Right chest mass, most probably neuroblastoma or teratoma

35.5%
81.8 %
73.6 %

Question 5
Pneumothorax

a- Hyperlucent right hemithorax with markedly collapsed right lung
b- Right-sided tension pneumothorax

80.9%
88.2%

Question 6
Lung abscess

a- Rounded cavitation in the right middle zone with a fluid level
b- Right sided lung abscess

77.3%
63.6%

Question 7 
Bronchiolitis

a- Under penetrated, because the vertebral bodies behind the cardiac shadow cannot be visualized
b- Hyperinflation

44.5%
44.5%

Question 8
Normal thymus a- Homogenous (soft tissue) opacity of the left upper zone b- Normal thymus shadow 28.2%

44.5%

Question 9
Soft tissue

a- AP film and inspiratory
b- A left lateral chest and abdominal wall soft tissue swelling that could be an infection  
(cellulitis versus fasciitis)

34.5
60%

Question 10
Pleural effusion

a- Right-sided lung opacity with air bronchograms
b- Right pleural effusion/ parapneumonic effusion

34.5%
87.3%

Table 2: Appropriate radiological answers

Consultan t Fellow Junior 
residen t

Medica l
intern

General 
practitione r

Senior 
residen t Specialis t Mean

1A- Inspiratory vs expiratory
1B- Lung infiltration

86.2%

86.2%

66.7%

66.7%

73.3%

73.3%

100.0%
50.0%

66.7%

66.7%

77.3%

81.8%

83.3%

73.3%

80%

73%

2A- Boat 82.8% 77.8% 86.7% 50.0% 66.7% 81.8% 56.7% 74.5%

shape 79.3% 77.8% 73.3% 50.0% 66.7% 81.8% 60.0% 72..7

2B- TOF %

3A- Hyper 82.8% 88.9% 60.0% 100.0% 66.7% 63.6% 83.3% 76.4%

inflation 69.0% 77.8% 46.7% 0.0% 33.3% 77.3% 63.3% 64.5%

3B- FBA

4A- AP 24.1% 66.7% 33.3% 0.0% 0.0% 31.8% 46.7% 35.5%

4B- Opacity 89.7% 77.8% 80.0% 100.0% 66.7% 72.7% 83.3% 81.8%

in right upper

& middle 79.3% 77.8% 46.7% 100.0% 33.3% 68.2% 86.7% 73.6%

zone

4C- Dx chest

Table 3: Characteristics of radiological interpretations
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mass

5A- 100.0% 55.6% 60.0% 100.0% 100.0% 68.2% 86.7% 80.9%

Hyperlucency 100.0% 88.9% 53.3% 50.0% 100.0% 90.9% 93.3% 88.2%

5B-

pneumothora

x

6A- Lung 79.3% 66.7% 66.7% 100.0% 66.7% 72.7% 86.7% 77.3%

cavitation 6B- 65.5% 44.4% 46.7% 100.0% 33.3% 72.7% 70.0% 63.6%

lung

abscess

7A- 48.3% 55.6% 53.3% 50.0% 0.0% 27.3% 50.0% 44.5%

Penetration 48.3% 44.4% 33.3% 0.0% 0.0% 31.8% 63.3% 44.5%

7B-

Hyperinflatio

n

8A- Lung 17.2% 22.2% 26.7% 100.0% 0.0% 31.8% 36.7% 28.2%

opacity 62.1% 44.4% 33.3% 50.0% 0.0% 31.8% 46.7% 44.5%

8B- Thymus

9A- AP and 37.9% 11.1% 26.7% 50.0% 66.7% 31.8% 40.0% 34.5%

inspiratory 86.2% 44.4% 46.7% 50.0% 33.3% 45.5% 60.0% 60.0%

9B- Fasciitis

10A- Lung 44.8% 33.3% 13.3% 0.0% 33.3% 45.5% 30.0% 34.5%

opacity 93.1% 100.0 73.3% 50.0% 33.3% 95.5% 86.7% 87.3%

10B- Effusion %

The physician’s reliability of radiographic interpretation 
in the emergency room has been the subject of numerous 
studies. However, standardization has been challenging 
because each study had a unique design. In our study, missing 
important findings was common, and the rate of missed 
crucial findings higher in our study than what has been 
reported in the literature [8]. Several studies have reported 
that plain radiographs were correctly interpreted by EPs with 
a very low incidence of clinically significant discrepancies 
when compared to radiologist interpretation, and incorrect 
readings did not lead to any negative results [8, 20,21]. 
Although the majority of incorrectly evaluated radiographs 
are not clinically significant, the most frequently overlooked 
findings were lung nodules, air-space illness, fractures, and 
dislocations [22]. Missing these diagnoses has a significant 
clinical impact; however, the most frequently requested 
radiographs were correctly interpreted [23]. 

Our study showed that consultants were the most likely 
group to reach the accurate x-ray interpretation, while the 

groups with the lowest accuracy were junior residents and 
family practitioners (72.2% vs. 53.7%,47.7%). Similar 
findings were reported in different studies, which found that 
specialist registrars and consultants attained the best accuracy 
and had the greatest average certainty levels, whereas junior 
trainees were less confident and more likely to be inaccurate 
when making diagnoses [11]. Another study found that 
junior doctors failed to reach the minimum requirements for 
radiological diagnostic skills for chest x-ray interpretation 
[24]. We believe that a lack of clinical experience plays a 
huge role in making correct interpretations. Although chest 
radiography is commonly performed, chest radiographs have 
reportedly been the most frequently misread radiographs, 
particularly in emergency room settings [7-10]. In our 
study, the variability was very clear. The certainty of certain 
diagnoses was high in tension pneumothorax, was identified 
by 80% of all participants; however, the accuracy of 
interpretations was very low in cases with fasciitis and lung 
abscess (60 and 63.7%%, respectively).
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very alarming. Missing important finding is common, and 
this study emphasizes the importance of radiologist input for 
chest x-rays.

However, algorithms could be used to minimize missing 
findings on x-rays. Training programs should focus more 
on radiology and promote greater collaboration with 
radiologists. Further studies are urgently needed to confirm 
our observations.
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