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and Chest Radiographic Findings
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Cristiana Maria Nascimento-Carvalho, MD, PhD

1*

Summary. To assess if chest radiographic findings present on admission are associated with

severity of childhood community-acquired pneumonia (CAP), a total of 161 children hospitalized

with pulmonary infiltrate were enrolled in the study; 48 (30%) patients were excluded because of

presence of bilateral chest radiographic alterations (33; 20%) and presence of underlying diseases

(15; 9%). According to WHO and BTS criteria, severe CAP was present in 57 (50%) and in 96 (85%)

cases, respectively; 29 (26%) were aged less than 1 year. The median age (months) was 22 (mean

24� 14, range 2–58). Overall, radiographic finding was right-sided in 77 (68%) cases and the

upper lobe was compromised in 36 (32%) cases. By analyzing data stratified to age, the frequency

of upper lobe involvement was significantly higher among severe cases (WHO criteria) only for

those patients aged �1 year (13/35 [37%] vs. 7/45 [16%], P¼0.03, OR [95% CI] 3.2 [1.1–9.2]).

The specificity and positive predictive value of upper lobe involvement for severity

among the latter group of patients were 84% (95% CI 70–93%) and 65% (95% CI 41–84%),

respectively. No association was found by using the BTS criteria. The admission chest radiography

was useful to predict severity of children aged �1 year hospitalized with CAP. Pediatr Pulmonol.

2009; 44:249–252. � 2009 Wiley-Liss, Inc.
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INTRODUCTION

Community-acquired pneumonia (CAP) is a common
cause of outpatient visits and hospital admission for
children worldwide.1 Indeed, CAP is the leading cause of
child death in the world and 95% of those deaths occur in
developing countries.2 The usefulness of chest radiograph
in diagnosing CAP accurately has been demonstrated.3

Actually, imaging plays important roles in the diagnosis
and treatment of children with CAP which include the
exclusion of other causes of symptoms and the evaluation
of related complications.4 Nonetheless, chest radiograph
has been found to be not useful in differentiating between
bacterial and non-bacterial pneumonia and it has been
recommended that it should not be performed routinely in
uncomplicated mild acute lower respiratory infection.5 To
the best of our knowledge, radiographic findings have
rarely been assessed as predictor of severity in childhood
CAP.6 Therefore, there is scanty information on the
possible prognostic value of radiographic evaluation on
visits of children with CAP.

In this context, we sought to assess if chest radiographic
findings present on admission are associated with severity
of children hospitalized with CAP.

MATERIALS AND METHODS

This was a prospective, non-interventional review of
CAP cases seen by a pediatrician at Professor Hosannah de

Oliveira Pediatric Center, in Salvador, North-east Brazil.
From March 2006 to February 2008, by active surveil-
lance, the same researcher (NKK) identified children
fulfilling the inclusion criteria and completed a stand-
ardized collection form. Inclusion criteria were children
aged under 5 years with any of the following findings:
history of fever or cough, tachypnea, dyspnea or
respiratory distress and presence of a pulmonary infiltrate
(PI) or pleural effusion7 on chest radiograph taken on
admission. The age group for inclusion was under 5 years
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because the higher burden of CAP is among these
children.2 The radiological reading was performed by a
pediatric radiologist (CAA-N), member of this research
project team, blind to clinical information. Children were
excluded if there were underlying chronic diseases
(anatomic abnormalities of the respiratory tract, immuno-
logical defects, progressing neurological conditions,
psychomotor retardation, congenital heart disease, hemo-
globinopathy), severe malnutrition, other concurrent
infections or presence of bilateral PI. The exclusion
criteria comprised underlying morbidities and bilateral
lung compromising which could lead to a more severe
presentation of CAP. Data on demographics, clinical
history, and physical examination were recorded. Fever
was defined as axillary temperature >37.58C,8 and tachy-
pnea as respiratory rate (RR)� 50 breaths/min in children
aged 2–11 months and �40 breaths/min in children from
12 months of age onwards.9 Nutritional evaluation was
performed by using the software Anthro, version 1.02
(CDC and World Health Organization) and severe malnu-
trition was defined as Z-score for weight-for-age index
under �3.00 by using the National Centre for Health
Statistics (NCHS-USA) standard.10

Chest radiograph changes were registered taking into
account the standardized interpretation previously pub-
lished.7 The pediatric radiologist registered the radio-
graphic reading in a standardized form and looked for the
presence of PI, pleural effusion, consolidation, atelectasis,
hyperinflation, abscess, peribronchial thickening, pneu-
matocele and pneumothorax; each finding was localized
as right and or left side as well as upper and or lower
lobe. The PI was described as alveolar, interstitial or
alveolar-interstitial.

The guidelines used to categorize CAP severity include:
presence of chest indrawing, somnolence, seizures,
grunting in a calm child, nasal flaring, cyanosis, and
inability to drink (WHO guideline)9 in addition to
RR> 70 breaths/min for infants, RR> 50 breaths/min
for older children, difficulty in breathing, dehydration,
axillary temperature >398C (BTS guideline).11

Statistical Methods

Categorical variables between different groups of
children were compared using Chi-square or Fisher’s
exact test as appropriate. Continuous variables were
compared using Student’s t-test or Mann–Whitney U-test
as appropriate and the mean difference with the respective
95% confidence interval (CI) was calculated. Specificity
and positive predictive value and the respective 95% CI
were calculated for variables found to be associated with
severity. The statistical tests were two tailed, with a
significance level of 0.05. The statistical software SPSS
(version 9.0) was used for analysis. Informed consent was
obtained from the patient’s guardian and the study was

approved by the Ethics Committee of the Federal
University of Bahia.

RESULTS

A total of 161 children were enrolled in the study, out of
which 48 (30%) were excluded: 33 (20%) presented
bilateral chest radiographic alteration and 15 (9%)
presented the following underlying diseases: sickle cell
anemia (4), congenital heart disease (3), liver trans-
plantation (2), severe malnutrition (2), cystic fibrosis (1),
thalassemia (1), cleft lip (1), psychomotor retardation (1).
Therefore, the study group comprised 113 patients.
The median age (months) was 22 (mean 24� 14, range
2–58 months) and 29 (26%) patients were aged less than
1 year. There were 58 (51%) males. According to WHO
criteria,9 severe CAP was present in 57 (50%) cases and
the severe cases were younger (months) than the non-
severe ones (20� 13 vs. 28� 15, P¼ 0.002), mean
difference (95% CI): 8 (3–13); severe and non-severe
cases were 33% (19/57) and 18% (10/56) among children
aged less 1 year, respectively (P¼ 0.06, OR [95% CI]:
2.3 [1–5.5]). The frequency of the severity criteria items
was: chest indrawing (31%), somnolence (21%), nasal
flaring (6%), seizure (3%), inability to drink (1%),
cyanosis (1%). No one presented grunting. According to
BTS criteria,11 severe CAP occurred in 96 (85%) patients
and the frequency of the additional items was: RR> 70
breaths/min for infants (21%), RR> 50 breaths/min
for older children (34%), difficulty in breathing (67%),
dehydration (6%), axillary temperature >398C (13%).

Overall, radiographic finding was right-sided in
77 (68%) cases and the upper lobe was compromised in
36 (32%) cases; both lobes, upper and lower, were
compromised in 5 (4%) patients. The frequency of
radiographic alterations was: alveolar (97%), interstitial
(4%) and alveolar-interstitial (2%) infiltrate, consolida-
tion (80%), pleural effusion (14%), atelectasis (10%),
hyperinflation (4%), abscess and peribronchial thickening
(1%, each). Pneumatocele and pneumothorax were not
found.

The assessment of radiographic findings according to
severity (WHO criteria) is shown in Table 1. By analyzing
data stratified to age, the frequency of upper lobe
involvement was significantly higher among severe cases
only for those patients aged�1 year (13/35 [37%] vs. 7/45
[16%], P¼ 0.03, OR [95% CI] 3.2 [1.1–9.2]). The
specificity and positive predictive value of upper lobe
involvement for severity among the latter group of patients
were 84% (95% CI 70–93%) and 65% (95% CI 41–84%),
respectively. Children with upper lobe involvement were
younger (months) than children with lower lobe involve-
ment (20� 14 vs. 26� 15, P¼ 0.04), mean difference
(95% CI): 6 (0.2–12). The analysis of age distribution
in regard to each other radiographic finding and the
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assessment of radiographic findings according to BTS
severity criteria11 showed no association (data not shown).

DISCUSSION

Based on the foregoing data, chest radiograph alter-
ations localized in the upper lobe were associated with
severity among toddlers and older children under 5 years
of age with CAP. Among those patients, involvement of
the upper lobe predicts severity in 65% (95% CI 41–84%).
It is important to emphasize that the evaluation of severity
used in this study was based on two different well
established criteria9,11 which include signs and symptoms
that must be evaluated on the admission of the patients.
The BTS criterion is broader than the WHO one and
the absence of association with the BTS criterion is
attributable to its broader range. On the other hand, the
WHO criterion includes signs and symptoms present on
admission that predict death.12 Children classified as
severe CAP cases according to WHO criterion should be
hospitalized and should be given antibiotics parenterally
in order to reduce the risk of death.9 Therefore, the
association found between involvement of the upper lobe
and severity according to WHO criterion is useful to
reinforce the necessity for hospitalization and parenteral
treatment among children aged as of 1 year with CAP and
affected upper lobe.

This finding suggests a difference in the pathogenesis of
upper versus lower lobe CAP regarding pulmonary
ventilation. The pulmonary upper and mid lobes work in
every breath and they are responsible for the tidal
respiratory volume; on the other hand, the lower lobes
work when the child signs, being responsible for the
inspiratory reserve volume.13 Therefore, the upper lobe is

more used in pulmonary ventilation and the involvement
of the inflamed parenchyma of upper segments represents
an important impair in pulmonary function and respiratory
distress. This might be the explanation for the association
found in this investigation. The association found was
restricted to children over one year of age possibly
because the respiratory reserve is smaller among those
aged under 1 year. The absence of association between
severity and the type of infiltrate (Table 1) might have
been influenced by the overall much greater frequency of
alveolar infiltrate and the very rare frequency of interstitial
infiltrate.

To the best of our knowledge, this is the third
investigation in which radiographic findings are assessed
as predictors of severity in childhood CAP. In a previous
study,5 the authors concluded that the size of consolidation
and the side of its location could be used as predictors
of severity of CAP among children aged more than
12 months, and left-sided CAP run a more severe course
due to increased risk for pleural effusion. It is important to
point out that those authors used data on the evolution of
the patients to classify severity. Therefore, as we used
findings on the admission of the patients to classify the
cases, their results are not comparable to ours. We did not
measure the size of consolidation proportionally to the
thoracic cavity size and this is a limitation in our study. In
another study,14 children aged 0–15 years were included
and perihilar changes were associated with severity
according to the BTS criteria.11 They differently catego-
rized the radiographic changes into three broad groups
(lobar, patchy consolidation or perihilar infiltrates); then,
those results are not comparable to ours. Our results point
to the necessity of hospitalizing children with CAP aged
from 1 year onward with upper lobe involvement. The

TABLE 1— Assessment of Radiographic Alteration and Severity of Community-Acquired
Pneumonia (CAP) Cases According to WHO Guidelines8

Characteristic

Severe CAP Statistical analysis

Yes¼ 57 No¼ 56 P OR (95% CI)

Alveolar infiltratea 57 (100) 53 (95) 0.1 —

Interstitial infiltratea 2 (4) 3 (5) 0.7 0.6 (0.1–4.0)

Interstitial-alveolar infiltratea 2 (4) 0 0.5 —

Consolidationa 49 (86) 41 (73) 0.09 2.2 (0.9–5.8)

Pleural effusiona 8 (14) 8 (14) 1 1 (0.3–2.8)

Atelectasisa 4 (7) 7 (12) 0.3 0.5 (0.1–1.9)

Hyperinflationa 2 (4) 2 (4) 1 1 (0.1–7.2)

Peribronchial thickeninga 0 1 (2) 0.5 —

Abscessa 0 1 (2) 0.5 —

Right sided alterationa 43 (75) 34 (61) 0.09 2.0 (0.9–4.4)

Left sided alterationa 14 (25) 22 (39) 0.09 2.0 (0.9–4.4)

Upper lobe affecteda,b 23/53 (43) 13/55 (24) 0.03 2.5 (1.08–5.6)

Lower lobe affecteda,b 30/53 (57) 42/55 (76) 0.03 2.5 (1.08–5.6)

aResults are reported in n (%).
bFive cases showed alterations in the upper and lower lobes concomitantly and they were excluded from this

analysis.
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prognostic value of the chest radiograph justifies ordering
it during the evaluation of children with possible CAP.
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