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Abstract  Original Research Article 
 

Introduction: Community acquired pneumonia (CAP) is defined clinically as presence of signs and symptoms of 

pneumonia in a previously healthy child due to an infection which has been acquired outside hospital. Pneumonia is 

the leading cause of death in children worldwide. Accurate assessment of severity and prognosis is important to decide 

management of pneumonia. Objective: The objective of present study is to study role of Chest X-ray in predicting 

severity of pneumonia in children. Material & Methods: This was prospective observational type, hospital based study 

conducted from March 2019 till June 2020 years in Dept. of Radiology & Imaging Pediatric ward of Dhaka Shishu 

(Children) Hospital, Dhaka, Bangladesh. A total of 307 children aged 3 months to 59 months diagnosed with 

Pneumonia & Severe pneumonia as per World Health Organization (WHO) criteria were included in study. Chest 

radiographs were reported by Pediatric Radiologist and findings classified as Normal, Primary End point 

consolidation, Other Infiltrates, Pleural effusion. Results were compared in sub-group i.e. Pneumonia & Severe 

Pneumonia. Results: Hypoxia, cyanosis, grunting and severe malnutrition were found to be poor predictors of 

radiographic pneumonia. Bilateral infiltrates (30%) & Primary end point consolidation on right side (17%) are 

independent determinant of severity of pneumonia. Bilateral consolidation and bilateral pleural effusion on chest X-ray 

are associated with poor outcome. Conclusion: Children with cyanosis, grunting, hypoxia & severe malnutrition 

should preferentially have chest X-ray done since they are more likely to have consolidation, infiltrates or pleural 

effusion. Children with Bilateral infiltrates, Consolidation and Bilateral pleural effusion should preferably be admitted 

to pediatric intensive care unit for more aggressive monitoring and management, since they have poor outcome. 

Keywords: Pneumonia, Radiography, Severity, Prognosis, Outcome. 
Copyright © 2020 The Author(s): This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International 

License (CC BY-NC 4.0) which permits unrestricted use, distribution, and reproduction in any medium for non-commercial use provided the original 

author and source are credited. 

 

INTRODUCTION 
Community acquired pneumonia (CAP) is 

defined clinically as presence of signs and symptoms of 

pneumonia in a previously healthy child due to an 

infection which has been acquired outside hospital [1]. 

Pneumonia is the leading cause of death globally among 

children younger than 5 years of age, accounting for an 

estimated 1.2 million (18% total) deaths annually [2]. In 

numerical term, In 2010, 3.6 million (3.3–3.9 million) 

episodes of severe pneumonia and 0.35 million (0.31– 

0.40 million) all cause pneumonia deaths occurred in 

children younger than 5 years in India [3]. More 

number of deaths due to pneumonia were reported from 

Central India [4]. The spectrum of severity of CAP can 

be mild to severe. The most important decision in the 

management of CAP is whether to treat the child in the 

community or refer and admit for hospital-based care. 

This decision is best informed by an accurate 

assessment of severity of illness at presentation and an 

assessment of likely prognosis. There is no single 

validated severity scoring system to guide the decision 

on when to refer for hospital care [1]. In developing 

countries, childhood pneumonia is diagnosed using 

clinical parameters, usually based on the cough & 

increased respiratory rate [5]. It maximizes the number 

of children identified & treated empirically, but it is 

non-specific & therefore highly unsuitable for 

epidemiological purpose [6]. In order to make a definite 

diagnosis of clinical pneumonia one might need 

invasive procedure, which make more difficulties in 

identifying the causative organisms [7]. Hence Plain 

radiographs remain the most commonly used 

radiological tool [8]. WHO definition of tachypnea 

(Respiratory rate >60/min for <2 months, >50/min for 2 

to 12 months and >40/min for >12 months age) has 
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highest sensitivity and specificity for radiographically 

defined pneumonia [1]. A few studies [9-11], showed 

that radiological findings are associated with severe 

CAP in otherwise healthy children and could be 

considered as marker of disease severity in children 

with CAP. However, a recent Indian study [12] 

concluded that radiological findings in hospitalized 

children with clinically defined severe pneumonia have 

limited value in predicting clinical outcome. Hence the 

present study aims to find out role of Chest X-ray in 

diagnosis & predicting severity of community acquired 

pneumonia in children. 

 

MATERIAL & METHODS 
This was prospective observational type, 

hospital based study conducted from March 2019 till 

June 2020 years in Dept. of Radiology & Imaging, 

Pediatric ward of Dhaka Shishu (Children) Hospital, 

Dhaka, Bangladesh. Sample of 307 children was 

calculated taking the prevalence of pneumonia in study 

group to be 275 and error to be 5%. Children aged 3 

months to 59 months diagnosed with community 

acquired pneumonia fulfilling the criteria of WHO 

defined pneumonia and severe pneumonia [13], was 

selected by predefined inclusion & exclusion criteria. 

Confidentiality of data was ensured. 

 

In all enrolled cases data of basic information, 

history of exclusive breast feeding [14], immunization 

status [15], anthropometry [16], overcrowding [17], 

indoor air pollution (fuels used for cooking, place of 

cooking, smokers in house), presenting symptoms, 

physical examination, hypoxia [18] & hospital stay [19] 

were entered in predefined case report form. Chest 

radiographs were performed in Postero-Anterior view & 

obtained in standard projections and reporting was done 

by experienced Pediatric Radiologist, unaware of the 

clinical findings, following the standardized guidelines 

for the interpretation of pediatric chest radiograph by 

WHO [6]. Quality of Chest X-rays was categorized as 

Un-interpretable, Suboptimal & Adequate. Radiological 

findings were classified as Normal, Primary end point 

consolidation, other infiltrates & Pleural effusion [6]. 

These findings were entered in Chest X-ray reporting 

form. The outcome variables which included cured, 

death and prolonged hospital stay was documented. 

 

DATA ANALYSIS 
The children with pneumonia and severe 

pneumonia were compared in order to identify any 

correlations between CAP severity and radiological 

findings. (Please insert) Categorical variables were 

given as numbers and percentages and was analyzed 

using contingency table analysis using Chi-square or 

Fischer’s exact test as appropriate. Association between 

dependent and independent variables were assessed 

using multivariate logistic analysis to determine their 

independent effect on outcome. Diagnostic accuracy of 

the study variables in detecting significant pathology on 

chest X-ray was further assessed using sensitivity, 

specificity and determination of Area under Receiver 

Operating Curve (ROC). Results were interpreted with 

OR and 95% confidence interval. Statistical 

significance was established when confidence interval 

(CI) did not embrace unity. 

 

RESULTS 
Out of total 307 children 89 (29%) cases had 

pneumonia & 218 (71%) cases had severe pneumonia. 

Majority of the study participants i.e. 58% were infants 

(3 months to 12 months). Among cases with severe 

pneumonia, almost two-third of cases i.e 66% were 

infant. Overall males (54.07%) were more than females 

(45.93%). Two-third (69%) of the cases belonged to 

urban population. Among 307 Chest X-rays, 13 found 

suboptimal, 146 were normal & 148 were abnormal. 

Clinical signs of severity i.e chest in drawing (p=0.009), 

cyanosis (p=0.001), grunting (p=0.02), convulsions 

(p=0.03) and hypoxia (p=0.00) were associated with 

abnormal radiographs (Table-1). 

 

Table-1: Association between clinical features & presence of radiologic pneumonia 

Variables Radiologic Pneumonia No Radiologic Pneumonia Chi-square p- value 

Age 3 months- 12 months  84 (57%) 88 (60%) 0.37 0.54 

Age 13 months– 24 months  35 (24%) 36 (25%) 0.04 0.83 

Age 25 months– 59 months  29 (19%) 22 (15%) 0.74 0.38 

Fever  134 (91%) 126 (86%) 1.29 0.25 

Fast breathing  145 (98%) 141 (96%) 0.54 0.46 

Chest indrawing  111 (75%) 89 (61%) 6.66 0.009 

Cyanosis  30 (20%) 11 (8%) 9.93 0.001 

Grunting  95 (64%) 75 (51%) 4.95 0.02 

Convulsions  5 (3%) 00 (0%)  0.03 

Altered sensorium  35 (24%) 31 (21%) 0.24 0.61 

Inability to feed 26 (18%) 19 (13%) 1.17 0.27 

Crackles  100 (67%) 98 (67%) 0.006 0.93 

Hypoxia  94 (64%) 58 (40%) 16.6 0.00 

Severe acute malnutrition  31 (20%) 13 (9%) 8.37 0.003 

Total 148 146   
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On further subjecting the variables to 

multivariate logistic regression analysis hypoxia, 

cyanosis, grunting and severe malnutrition were found 

to be independent predictors of the latter. As shown in 

Table-2 Hypoxia has a moderate sensitivity (63.5%) 

and specificity (60.2%) to predict significant pathology 

on chest X-ray with area under the curve 0.62 (Figure-

1). Grunting has a moderate sensitivity (64.1%) and low 

specificity (48.6%) with area under the curve in ROC as 

0.56. Severe malnutrition has a poor sensitivity (20.9%) 

and high specificity (91%) with area under the curve in 

ROC as 0.56 whereas Cyanosis has a poor sensitivity 

(20.2%) and high specificity (92.5%) to predict 

significant pathology on chest X-ray with area under the 

curve in ROC as 0.56. 

 

Table-2: Diagnostic accuracy of clinical symptoms in predicting significant pathology on chest x-ray 

Parameters Sensitivity 

(%) 

Specificity 

(%) 

Positive Predictive 

Value (%) 

Negative Predictive 

Value (%) 

Hypoxia  63.5 60.2 61.8 61.9 

Cyanosis  20.2 92.5 73.1 88.2 

Grunting  64.1 48.6 55.8 57.2 

Severe acute malnutrition  20.9 91 70.4 53.2 

 

 
Fig-1: Roc curve for hypoxia in predicting significant pathology on chest x-ray 

 

Among abnormal Chest X-rays, severe 

pneumonia had greatest frequency of Bilateral 

infiltrates (n=55, 30%), primary end point consolidation 

on right side (n=32, 16%), bilateral consolidation (n=9, 

4%), bilateral pleural effusion (N=6, 3%), left-sided 

pleural effusion (N=3, 1.4%) followed by right sided 

pleural effusion (N=2, 1%). There was a significant 

association of bilateral infiltrates (OR: 2.03, CI: 1.04-

3.95, p=0.04) and bilateral consolidation (p=0.04 by 

fisher exact) as compared to other significant pathology 

(Table-3). On multivariate analysis primary end point 

consolidation (p=0.05, OR: 2.05, CI: 0.99-4.23) and 

other infiltrates (p=0.012, OR: 2.27, CI: 1.19-4.33) were 

found to be independent determinant of severity of 

pneumonia 

 

Table-3: Radiological association with severity of pneumonia 

Chest X-ray findings Pneumonia No. (%) Severe Pneumonia No. (%) Odds ratio 95% CI P value 

Normal 54 (66%) 92 (44%) 0.47 0.28-0.79 0.004 

Primary end point consolidation 

Right  11 (13%) 32 (16%) 1.22 0.58-2.55 0.59 

Left  1 (1%) 1 (0.4%) 0.41 0.02-6.67  

Bilateral  0 9 (4%)   0.04 

Other infiltrates 

Right  2 (3%) 6 (3%) 1.25 0.24-6.33 0.78 

Left  1 (1%) 1 (0.4%) 0.41 0.02-6.67 0.84 

Bilateral  14 (16%) 55 (30%) 2.03 1.04-3.95 0.04 

Pleural effusion 

Right  0 2 (1%)   1 

Left  1 (1%) 3 (1.4%) 1.25 0.12-12.1 0.84 

Bilateral  3 (3%) 6 (3%) 1.25 0.24-6.33 0.78 

Total  87 207    
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In the present study association of severe 

pneumonia was also seen with incomplete 

immunization (p= 0.023), Non-exclusive breast feeding 

cases (p= 0.00015), severe malnutrition (p= 0.003), 

severe anaemia (p= 0.008), Hypoxia (p=0.000) and 

indoor air pollution (p=0.001). More than half cases 

with both pneumonia and severe pneumonia were 

associated with overcrowding however, this association 

was not statistically significant (p=0.910). In cases of 

severe pneumonia, symptoms found were nasal flaring/ 

chest in drawing (96%), cyanosis (18%), grunting 

(72%), convulsions (2%), altered sensorium (30%), 

inability to feed or drink in (19%) and crackles or 

bronchial breathing on auscultation in (78%) cases. 

Overall, there were total 17 deaths (6%). All deaths 

occurred in cases with severe CAP. Mortality had 

statistically significant association with bilateral 

consolidation (p= 0.00) and bilateral pleural effusion 

(p= 0.01). Prolonged hospital stay was seen in 220 cases 

of which 54% had X-ray with significant pathology 

with primary end point consolidation (39%), infiltrates 

(52%) and pleural effusion (9%). Association of end 

point consolidation in with prolonged hospital stay was 

significant (p= 0.008). 

 

DISCUSSION 
In the present study, using WHO (IMCI 2005) 

classification [13] found 71% as severe pneumonia and 

29% as pneumonia. Since, the present study was carried 

out in a tertiary care referral hospital there were more 

cases of severe pneumonia. More than half of total 

cases i.e 58% were infants (3 months to 12 months), 

making it as most common age group for pneumonia in 

our community which were similar to results found in 

other studies [11, 20, 21]. More than two-third of the 

cases (69%) belonged to urban population. The urban 

prediliction in this study may be due to referral bias 

since this hospital is situated in an urban setup. The 

radiographic appearance of pneumonia varies with age 

and with pathogenesis and extent of the disease [23]. In 

the present study, out of 294 Chest X-rays, 50.6% had 

significant pathology and 49.8% were reported as 

normal. The 92 normal X-rays in cases with severe 

pneumonia were subjected to further evaluation and 11 

(5%) were found to have hyperinflation and 13 (6%) 

had increased Broncho vascular markings. The higher 

number of normal X-rays may be because infants 

constituted 58% of our study population. Also, air 

trapping and areas of irregular aeration are often the 

predominant radiographic abnormality of viral 

pneumonia [23] which can be attributed to the higher 

percentage of normal X-rays in the present study as 

bacteremia was seen in more cases with significant 

pathology on chest X-rays. A few other studies [11, 21, 

22] also had higher number of normal X-rays in their 

studies. The present study showed a significant 

association of bilateral infiltrates (30%) and bilateral 

consolidation (4%) with severe pneumonia. Primary end 

point consolidation (14%) and other infiltrates (19%) 

were found to be independent determinant of severe 

pneumonia on multivariate analysis. A recent western 

study [24] found multifocal bilateral consolidations 

were associated with most complicated cases. Maria 

Patria et al., [9] found multifocal bilateral distribution, 

the simultaneous involvement of 3 sites & right hilar 

consolidation are associated with severe CAP. Though 

WHO classification does not include hypoxemia as 

criteria for severity of disease, Present study showed 

presence of hypoxia in two-third (68%) of subjects with 

severe pneumonia as compared to only 4.04% with 

pneumonia which is similar to other studies [10, 11, 

21]. In the present study, children with hypoxia were 

2.6 times more likely to have consolidation, infiltration 

or pleural effusion on chest X-ray (p=0.00) and was 

found to be an independent predictor of significant 

pathology on chest X-ray with moderate sensitivity 

(63.5%) and specificity (60.2%). Hypoxia was 

associated with 67% of cases with radiographic 

pneumonia in study by Kabra SK et al., [10] and in 

61.7% by Kuti BP et al., [21] Mark Neuman found that 

subjects with hypoxia are at a higher risk of having 

radiographic pneumonia [25]. In the present study, the 

odds of having significant pathology on chest X-ray in 

patients with cyanosis was 2.8 and it was found to be an 

independent predictor of significant pathology on chest 

X-ray with a high specificity (92.5%) as also seen in a 

recent study [21]. In the present study, grunting was 

found to be an independent predictor of significant 

pathology on chest X-ray with a moderate sensitivity 

(64.1%) but low specificity (48.6%). In the study by 

Kuti BP et al., [21] the sensitivity and specificity of 

grunting in identifying radiologic pneumonia was 

37.5% and 77.9% respectively. In the present study, the 

area under ROC curve for hypoxia was 0.63 and for 

cyanosis, grunting and nutrition was 0.56 suggesting 

that these clinical parameters had a poor predictability 

for radiographic pneumonia. Very few studies have 

used ROC to determine diagnostic accuracy for these 

tests. In study by Kuti BP et al., [21] area under the 

curve for cyanosis was 0.53 and grunting was 0.57 but 

they did not find hypoxia and severe acute malnutrition 

as an independent predictor of radiographic pneumonia 

on multivariate analysis. In this study, severe 

pneumonia had a statistically significant association 

with incomplete immunization (p= 0.023), non-

exclusive breastfeeding (p= 0.00015), severe acute 

malnutrition (p= 0.011), severe anemia (p= 0.008) and 

indoor air pollution (p= 0.001). But the present study 

does not show association of overcrowding with 

severity of pneumonia. In this study, mortality had 

statistically significant association with bilateral 

consolidation (p = 0.00) and bilateral pleural effusion (p 

=0.01). Similar association of mortality with bilateral 

pleural effusion and consolidation is seen in a few 

recent studies [26]. 

 

CONCLUSION 
Proper history and physical findings are found 

useful to stratify children at risk for radiographic 

pneumonia. Children with clinical signs of severity 
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including nasal flaring/ chest in drawing, cyanosis, 

grunting, altered sensorium and hypoxia particularly 

those with severe acute malnutrition should 

preferentially have a chest radiograph done because 

they are more likely to have evidence of consolidation, 

infiltrates or pleural effusion. Children with bilateral 

consolidation, bilateral infiltrates and bilateral pleural 

effusion should preferably be admitted to pediatric 

intensive care unit for more aggressive monitoring and 

management that could reduce their mortality, since 

they have a poor outcome. 
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