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Abstract 

 

Background: Pneumonia in children is a leading cause of morbidity and mortality in developing countries. It is 

often complicated by Congestive Cardiac Failure (CCF), with some of the symptoms similar to those of 

pneumonia. Brain Natriuretic Peptide (BNP) assay can differentiate cardiac from respiratory-related causes of 

respiratory distress. 

Objective: To determine the role of BNP in differentiating isolated pneumonia from pneumonia complicated by 

CCF. 

Methods: Over a 12-month period, consecutive children with radiologically-confirmed pneumonia were 

recruited for the study. Those with complicating CCF were noted. All the children had blood BNP assay done by 

ELISA, prior to treatment. Biodata was obtained and the children were grouped into those with isolated 

pneumonia and those with pneumonia complicated by CCF.  

Results: Fifty children were recruited; of these 26 (52.0%) had isolated pneumonia while 24 (48.0%) had 

pneumonia with CCF. The median age of the children was 6 months. The median BNP values for the isolated 

pneumonia group (229.4 ng/l), was significantly lower than that of pneumonia complicated by CCF group (917.3 

ng/l); (p = 0.007). ROC showed that a BNP value >550ng/l could identify children with pneumonia complicated 

with CCF from those with isolated pneumonia with a sensitivity of 70.4% and specificity of 63.4%. 

Conclusion: A BNP assay prior to treatment of >550ng/l can differentiate children with pneumonia complicated 

with CCF from those without CCF.     
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Introduction 

 

Pneumonia is one of the major causes of 

childhood morbidity and mortality 

worldwide, being responsible for 151 million 

new cases annually, [1] and contributing 20% of 

mortality in children under five years of age. [2] 

In Nigeria, an estimated 177,000 children aged 

less than five years of age died from 

pneumonia in 2008. [3] Congestive cardiac 

failure, which is the inability of the heart to 

pump enough blood for tissue metabolism 

despite adequate filling pressures, [4] often 

complicates pneumonia in childhood. [5, 6] This 

complication increases the mortality 

associated with childhood pneumonia. [7] The 
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clinical features of pneumonia such as cough 

and respiratory difficulty are shared with 

congestive cardiac failure. Although there are 

clinical diagnostic criteria for heart failure in 

children (such as the Modified Ross Score [8] 

and the Omokhodion Heart Failure Index, [9]) 

the diagnostic criteria are non-specific, hence 

early detection of heart failure as a 

complication of pneumonia may be difficult. 

 

The Brain Natriuretic Peptide (BNP) is a 

neurohormone secreted by the ventricles in 

response to volume and pressure loading. [10] It 

is secreted in situations of heart failure and its 

blood level correlates well with the severity 

and prognosis of the disease. [11, 12] BNP has 

been shown, mostly in adult studies, to 

differentiate respiratory difficulty caused by 

heart failure from those of respiratory disease 

origin. [13] A single test such as BNP assay may 

allow for early detection of heart failure and 

consequently, the institution of prompt and 

adequate treatment of heart failure, thereby 

mitigating the associated mortality.  

In this study, the usefulness of BNP in 

identifying children with pneumonia 

complicated with congestive cardiac heart 

failure from those who have isolated 

pneumonia was evaluated.       

 

 

Method 

 

This was a cross-sectional study involving 

consecutive patients presenting to the 

Children’s Emergency Room of a Teaching 

Hospital in Nigeria with pneumonia, 

conducted between March 2011 and February 

2012. Ethical approval was given by the Ethics 

Committee of the University of Benin 

Teaching Hospital. 

 

The diagnosis of pneumonia was confirmed on 

Chest radiograph showing pneumonic 

infiltrates in either or both lung fields. A 

positive and independent radiographic report 

of pneumonia by the radiologist and the 

paediatric pulmonologist was confirmatory of 

pneumonia.   

 

The age, gender and socioeconomic class 

(SEC) of the subjects were documented. The 

SEC was determined using the model 

recommended by Olusanya et al. [14] Each 

patient was clinically evaluated and the 

outcome was recorded.  

 

The children were evaluated for congestive 

cardiac failure by a Senior Registrar and the 

diagnosis was made when the patient fulfilled 

the clinical diagnostic criteria of heart failure 

as outlined below: [9] 

 Significant tachycardia for age (>160 

beats/min in infancy, >140/min at 2 

years, >120/min at 4 years and 

>100/min above 6 years.) Where fever 

was present, a 10/ min for every 10 C 

rise in temperature was allowed for. 

 Significant tachypnoea for age (> 60 

cycles/min in the newborn, > 40 

cycles/ min < 24 months, 30 cycles/ 

min in 2 – 5 years, >28 cycles/ min in 

5-10 years and >25 cycles/ min in >10 

years)  

 Cardiomegaly (displaced apex beat 

with a central trachea or 

cardiothoracic ratio > 60% in < 5 years 

and >50% in > 5 years) 

 Tender hepatomegaly of at least 3cm 

size below the right costal margin. 

The fulfilment of hepatomegaly and any other 

two of the four criteria above was diagnostic 

of CCF.  

 

Prior to the commencement of therapy, two 

millilitres of blood was obtained from all the 

children for BNP estimation. The plasma was 

decanted into a universal bottle after spinning 

and kept in a freezer at - 40 Centigrade prior to 

analysis. The BNP was measured by the 

Electrochemiluminescence Immunoassay 

method with Chemwell Microstrip reader by 

Awareness Technology®, USA. The lower limit 

of measurement of the assay was 0.00 ng/ml. 

The BNP test kit lot number was 20110513, 
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manufactured by Hangzou Eastbiopharm, 

Hangzhou, China.  

 

Children with congenital heart diseases, 

HIV/AIDS and those without BNP estimation 

were excluded from the study. Congenital 

heart disease was diagnosed by the 

echocardiographic screening of all the children 

with pneumonia, using an Aloka Prosound® 

SSD 4000SV. HIV was diagnosed by DNA PCR 

in children <18 months and by serology in 

those >18 months. HIV test was done for 

children, clinically suspected to have HIV and 

those of mothers with HIV seropositivity. The 

children with isolated pneumonia were 

treated with antibiotics while those with heart 

failure had diuretics (Frusemide®) along with 

antibiotics. Digoxin was included when the 

signs of CCF did not resolve in 48 hours. The 

details of the methodology had earlier been 

described in previous publications. [15, 16] 

 

Statistical analysis 

The data were entered into the spreadsheet 

and analysed using SPSS 16 (Chicago IL). 

Simple proportions were presented in 

percentages. The age and BNP values, because 

they were not normally distributed, were 

presented as median and range. The 

differences in median values were tested by 

median test and comparison of proportions 

was done with χ2 or Fischer’s Exact Test as 

appropriate. The Receiver Operator’s 

Characteristic (ROC) curve was constructed to 

determine the best BNP cut-off value at which 

children with pneumonia also had CCF. The 

level of significance was set at p < 0.05.  

 

  

Results 

 

The fifty subjects comprised 26 (52.0%) 

children with isolated bronchopneumonia 

while 24 (48.0%) had bronchopneumonia with 

CCF. Of the 50 subjects, 25 (50.0%) were males. 

The age ranged between one month and 48 

months with a median age of 6months. The 

median age (range) of the male 6 (1 – 48) 

months was not significantly different from 

that of the female 5 (1 – 42) months (p = 0.36). 

The gender and socioeconomic distribution of 

the subjects in both arms of the study are 

shown in Table I. 

 
Table I: The gender and socioeconomic class distribution of the subjects 

 

Features Isolated pneumonia  

N (%) 

Pneumonia + CCF 

N (%) 

P-values 

Gender    

Male (n = 25) 13 (52.0) 12 (48.0) 1.00 

Female (n = 25) 13 (52.0) 12 (48.0)  

Socioeconomic class    

High (n = 13) 6 (46.2) 7 (53.8) 0.60 

Middle (n = 16) 10 (62.5) 6 (37.5)  

Low (n = 21) 10 (47.6) 11 (52.4)  

 

Of the 50 subjects, six (12.0%) died while 44 

(88.0%) were discharged. The median BNP 

values of the group with isolated pneumonia 

was 229.4ng/l (range: 4 – 1364ng/l) while the 

value for the group with pneumonia 

complicated by CCF was 917.3 ng/l (range: 

81.8 – 1759ng/l), (p value = 0.007). 

  

The median value of BNP for children who 

died was 1121.5 ng/l (range: 54.5 – 1759.0ng/l) 

and this was higher than the value [443.3 ng/l 

(range: 4 – 1574ng/l)] for children who 

survived but without statistical significance (p 

= 0.16). The Receiver Operator’s 

Characteristics showed that at a BNP value of 

550.5ng/l, the sensitivity and specificity were 
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70.8% and 63.4% respectively in identifying 

children with pneumonia complicated by CCF. 

The positive predictive value was 65.4% while 

the negative predictive value was 29.3%. The 

area under the curve of the ROC analysis was 

72.4% (CI = 58.3 – 86.4%), p = 0.007. (Figure 1) 

 

 

Discussion 

 

The median blood BNP level for children with 

isolated pneumonia was significantly lower 

than the value for children who also had CCF 

along with pneumonia. The higher value 

reflects the impact of heart failure on the 

elevation of blood BNP level compared to 

isolated pneumonia and this is consistent with 

the finding in a similar study conducted by Hu 

et al [17] amongst Chinese children.  

 

The finding was also consistent with the 

finding in a study in which the blood level of 

BNP was higher among subjects in whom 

dyspnea was of cardiac origin rather than 

respiratory origin. [13] In a study evaluating the 

blood level of BNP among children with 

pneumonia complicated with CCF in China, 
[18] higher BNP levels were found among 

children with pneumonia complicated with 

CCF compared to those with isolated 

pneumonia. However, the values of BNP 

obtained in that study were very low 

compared to another Chinese study by Hu et al 

[17] and the findings in the present study. 

 

 

  
Figure 1: The ROC curve of subjects with pneumonia and those with pneumonia and CCF 

 

The reason for the difference in blood BNP 

levels between the cited studies is not obvious; 

it may be related to the method of BNP assay 

rather than subject characteristics since the 

subjects in both studies were Chinese children. 
[17,18] The blood level of BNP is elevated in 

ventricular dysfunction [10] and as such, 

children with underlying congenital heart 

disease with ventricular dysfunction could 

also have elevated BNP levels in the absence of 

heart failure. This potential bias caused by 

undiagnosed structural heart disease was 

eliminated with the performance of 

transthoracic echocardiography for all the 

children in the present study. The blood level 

of BNP among children with isolated 

pneumonia was higher than the normal value 

of 100ng/ml. [19] This finding suggests that 
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elevated blood level of BNP also occurs in 

pneumonia and this is in consonance with a 

previous study. [19] 

 

The ROC analysis determined that a BNP level 

of 550ng/l is the best cut off value above 

which pneumonia complicated with CCF can 

be diagnosed seven of ten times when they 

coexist and over six of ten times when they do 

not coexist. The sensitivity and specificity 

values of 70% and 63.0% respectively in this 

study are lower than those obtained from an 

earlier study, [18] in which both values were 

higher than 80%. The reason for the observed 

difference is unclear but it may be related to 

biologic characteristics of the subjects. It is 

worthy of note that the negative predictive 

value obtained in this study is low compared 

to the finding in a previous study and is a 

limitation to its clinical applicability as it could 

increase the number of false positive cases of 

pneumonia complicated by CCF.   

 

In this study, children who died had higher 

blood BNP levels compared to those who 

survived. This finding suggests worse severity 

of the disease among the casualties compared 

to the survivors. Indeed, BNP levels have been 

shown to be highly positively correlated with 

the severity of CCF. [11] A relatively higher 

blood BNP level value of over 1000ng/ml, as 

observed in the median BNP values in the 

children who died in the present study, may 

be a marker or risk factor for mortality. It is, 

thus, an indication for a more aggressive 

treatment and closer monitoring of such 

children. This aspect of the application of BNP 

levels will require further studies.   

 

The sources of bias such as age and gender 

which are known to affect BNP level [20] were 

controlled for in this study. The median ages 

of both sexes and the gender distribution of 

the subjects in this study were similar. 

 

 

Conclusion 

 

Significantly higher BNP levels occur among 

children with pneumonia complicated by CCF 

compared to children with isolated 

pneumonia. A single BNP assay prior to 

treatment with values >550ng/l may indicate 

the presence of CCF in a child with 

pneumonia and very high value (1000ng/l) 

could be a risk factor for mortality. 
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