
Introduction

Chest radiography is the most commonly performed
pediatric imaging procedure. At our institution, 24,000
chest radiographs are performed per year, and approx-
imately 30% of these are performed on patients referred
from the emergency department for evaluation of pos-
sible pneumonia. The use of frontal and lateral views is

standard practice in chest radiography [1, 2]. The evi-
dence to support this standard practice based on a large
group of children is lacking. The purpose of this study
was to determine the diagnostic efficacy of the frontal
radiograph alone in comparison to the frontal and
lateral combined radiographs for the radiographic
diagnosis of pneumonia in children referred from the
emergency room.
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Abstract Background: In our cost-
and radiation-conscious environ-
ment, the feasibility of performing
only a frontal radiograph for the
diagnosis of pneumonia in children
needs to be reassessed. Objective: To
determine the diagnostic efficacy of
the frontal radiograph alone in
comparison to the frontal and lateral
combined radiographs for the
radiographic diagnosis of pneumo-
nia in children. Materials and
methods: Three radiologists retro-
spectively and independently re-
viewed the frontal radiographs alone
and separately reviewed the frontal
and lateral radiographs of 1,268
children referred from the emer-
gency room for chest radiographs. A
majority interpretation of at least
two radiologists for the frontal views
alone was compared with majority
interpretation of the frontal and
lateral combined views for the
radiographic diagnosis of pneumo-
nia. ‘‘Pneumonia’’ was defined as a
focus of streaky or confluent lung
opacity. Results: For the radio-

graphic diagnosis of pneumonia, the
sensitivity and specificity of the
frontal view alone were 85% and
98%, respectively. For the confluent
lobar type of pneumonia, the sensi-
tivity and specificity increased to
100%. Conclusion: When the frontal
view alone yields a diagnosis of
confluent lobar pneumonia, this is
highly reliable. However, nonlobar
types of infiltrates will be underdi-
agnosed in 15% of patients using the
frontal view alone. The clinical im-
pact of these radiographically un-
derdiagnosed pneumonias needs to
be assessed prior to implementing
the practice of using only frontal
radiographs for diagnosing pneu-
monia.
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Materials and methods

Population

This retrospective study was performed at a large metropolitan
children’s hospital, which has primary, secondary, and tertiary care
patients in its population base. Patients were selected for the study
by searching the radiology billing database for emergency depart-
ment patients who had chest radiographs performed between 1994
and 1995. Patients who had both frontal and lateral radiographs
available for review were included in the study. Patients with only
one-view chest radiographs were not included in the study.

Imaging

All patients identified had undergone standard chest radiography,
including both frontal and lateral views. In general, frontal radio-
graphs of children who were able to stand were performed in the
erect position (anteroposterior in younger children and postero-
anterior in older children). All other children were imaged supine
(anteroposterior). DuPont-Sterling Cronex Ortho TL (Sterling
Diagnostic Imaging, Wilmington, DE) film with a Kodak Lanex
Regular screen (Eastman-Kodak, Rochester, NY) was used for all
chest radiographs.

Image analysis

Groups of 50–100 radiographs were presented by a research
assistant on a viewbox for review by three pediatric radiologists,
two faculty members, and one fellow. All interpretations were
performed independently. A consensus opinion was not generated
for any patient [3]. For each patient, either the frontal radiograph
alone was presented first, followed by the frontal and lateral
radiographs during a different interpretation session, or the frontal
and lateral radiographs were presented first, followed by the frontal
radiograph alone during a different interpretation session. The
interpretation sessions for the frontal view and frontal and lateral
views of the same patient were separated in time by at least 2 weeks,
and the order of presentation of the radiographs was changed to
avoid recall of patient diagnosis. The official interpretation ren-
dered at the time the radiographs were performed was not used in
this study.

The images were reviewed for the presence or absence of
pneumonia. Pneumonia as defined for the purposes of this study
was any focus, either confluent or streaky, of increased lung opacity
with or without associated air bronchograms and/or the presence

of a silhouette sign. The images in Fig. 1 represent the radiographic
range of what was defined as pneumonia in this study. A stan-
dardized data collection sheet was used by the research assistant to
record the interpretation of each examination by each radiologist.
Each study was given either interpreted as positive or negative for
pneumonia. No indeterminate option was allowed. The presence or
absence of peribronchial thickening, hyperinflation, cardiac
abnormality, and bone abnormality was also recorded, but was not
used for study analysis.

Statistical analysis

Using the pneumonia prevalence estimate from a published study,
we estimated that a sample size of 1,218 patients would be neces-
sary to detect a difference between the frontal and lateral combined
views and frontal views alone using a positive rate of 20% for the
frontal and lateral combined views and 15% for the frontal view
alone for the presence of pneumonia (P=0.05; power 80%) [4].

Data were entered into a spreadsheet and analysis was per-
formed using SAS (SAS Institute, Cary, NC). When the spread-
sheet indicated an agreement of at least two of the three
independent readers for the presence of pneumonia (majority
interpretation), the study was considered positive for pneumonia.
When the spreadsheet indicated an agreement of at least two of the
three independent readers for the absence of pneumonia (majority
interpretation), the study was considered negative for pneumonia.
The data for the frontal and lateral combined views and the frontal
views alone were evaluated separately.

The majority interpretation of each patient’s frontal view alone
was then compared with the majority interpretation of the frontal
and lateral views for each patient. From this comparison, the
sensitivity, specificity, false-negative and false-positive rates, posi-
tive and negative predictive values, and accuracy of the frontal
views alone for the diagnosis of pneumonia were calculated to
determine the utility of the lateral view. Chi-squared analysis was
used to determine if patient age had any effect on the usefulness of
the lateral view.

For each individual reader’s interpretation of the frontal view
alone and the frontal and lateral views combined, intrareader and
interreader agreement rates and the generalized kappa statistic were
calculated [5]. The kappa statistic was used as a statistical measure
of the agreement in interpretation between the radiologists. Each
individual reader’s interpretation of both the frontal views alone
and the frontal and lateral combined views was compared with the
majority interpretation of both the frontal views alone and frontal
and lateral combined views, respectively, to evaluate the variance
between individual readers.

Fig. 1a–c Radiographs illus-
trating the radiographic range
of the criteria used to define
pneumonia in this study.
a Frontal and b lateral radio-
graphs demonstrating alveolar
opacity in the right middle lobe.
c Frontal radiograph of the
chest demonstrating streaky
opacity in the right lower lobe
(arrows)
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Results

Majority data

A total of 1,268 patients ranging in age from newborn to
18 years (mean age 4 years) were included in the study.
Forty-two percent were female and 58% were male. A
total of 7,608 interpretations were performed. Using the
majority interpretation of the frontal and lateral com-
bined views, a radiological diagnosis of pneumonia was
made in 240 of the 1,268 patients for a prevalence of
disease in our population of 19%. Using the frontal view
alone, a radiological diagnosis of pneumonia was made
in 227 patients. Therefore, using the frontal view alone,
pneumonia was underdiagnosed in 37 of 240 cases for a
false-negative rate of 15%. Also, using the frontal view
alone, a radiological diagnosis of no pneumonia was
made in 1,041 patients versus 1,028 patients using the
frontal and lateral combined views. Therefore, pneu-
monia was overdiagnosed in 24 of 1,028 of cases using
the frontal view alone for a false-positive rate of 2.3%
(Table 1). This yielded a sensitivity of 85%, specificity of
98%, positive predictive value of 89%, negative predic-
tive value of 96%, and accuracy of 95% of the frontal
view alone for the diagnosis of pneumonia. There were
165 cases for which the diagnosis of pneumonia was
made by all three readers on the frontal and lateral
combined views. All of these cases were also considered
positive by all three readers on the frontal view alone.
Upon review, in nearly all cases where all three readers
read the radiographs as positive, the infiltrates present
tended to be of the confluent-lobar type, as seen in
Fig. 1. No cases of confluent lobar pneumonia were
under- or overdiagnosed on the frontal views alone.

There was no statistically significant difference in the
underdiagnosed cases of pneumonia on the frontal views
alone compared to the frontal and lateral views com-
bined for patient age using the Chi-squared method
(P=0.5).

Individual reader variability

Interobserver agreement rates between the three readers
for the frontal views alone and frontal and lateral
combined views are listed in Tables 2 and 3, respectively.

Intraobserver agreement rates for each reader for the
frontal views alone and frontal and lateral combined
views are listed in Table 4.

Discussion

The 19% prevalence of disease in our population
underscores the difficulty of diagnosing pneumonia
based on clinical signs and symptoms alone [6, 7, 8]. In
our study, false-negative and positive rates of the frontal
radiograph alone for the diagnosis of pneumonia are 15
and 2.3%, respectively. In a study of similar design,
Kennedy et al. in a study of 414 children underdiagnosed
pneumonia on the frontal view alone with a false-nega-
tive rate of 2.2% [9]. In another study of 357 children,
the sensitivity and specificity for detection of pneumonia
on the frontal view alone were 71 and 90%, respectively,

Table 1 Frontal view majority
interpretations as compared
with frontal and lateral view
majority interpretations

Frontal views

Frontal and
lateral views

Pneumonia No pneumonia Total
Pneumonia 203 37 240

(true positive) (false negative)
No pneumonia 24 1,004 1,028

(false positive) (true negative)
Total 227 1,041 1,268

Table 2 Interobserver frontal view agreement rates

Readers

Staff 1 to fellow 93% (1,174/1,268)
Fellow to staff 2 91% (1,152/1,268)
Staff 2 to staff 1 89% (1,132/1,268)
Kappa: 0.71

Table 3 Interobserver frontal and lateral view agreement rates

Reader

Staff 1 to fellow 92% (1,165/1,268)
Fellow to staff 2 90% (1,147/1,268)
Staff 1 to staff 2 91% (1,154/1,268)
Kappa: 0.72

Table 4 Intraobserver agreement rates between the frontal views
alone and the frontal and lateral views combined

Reader

Staff 1 93% (1,182/1,268) Kappa = 0.73
Fellow 94% (1,192/1,268) Kappa = 0.81
Staff 2 94% (1,187/1,268) Kappa = 0.82
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for a false-negative rate of 29%. However, on a retro-
spective review, the authors considered only 6% of these
false-negatives to be of significance [10]. The impact of
these false-negative diagnoses on patient management
and outcome was stated as low in both studies, but the
relatively small sample sizes limit the statistical signifi-
cance of these statements. Differences in age distribution
of patients, emergency room referrals, sample sizes, and
differences in population bases likely contribute to the
differences in pneumonia detection rates between each of
these studies and ours. In a retrospective study of 179
hospitalized children with suspected acute pulmonary
illness, Lamme et al. found that the lateral view in-
creased the sensitivity from 81 to 87% and the specificity
from 94 to 96% when compared to the chart diagnosis.
The impact of the radiographic diagnosis on the chart
diagnosis in this study is not clear [4].

Our kappa values of 0.71 and 0.72 for interobserver
agreement rates for the frontal and the frontal and lat-
eral interpretations, respectively, indicate very good
agreement between interpreters. In a prospective multi-
center study performed in adults with suspected com-
munity-acquired pneumonia, an interobserver kappa
value of 0.37 was reported for the presence or absence of
an infiltrate, indicating a fair-to-good correlation [8].
That study was performed on an adult population, and
copies of the initial radiographs were interpreted rather
than original radiographs, both of which likely con-
tribute to the lower kappa values relative to those found
in our study. Melbye and Dale determined the kappa-
agreement in readings of chest radiographs in 319 adults
with suspected acute respiratory infections between three
radiologists and a resident in radiology to be 0.50 and the
kappa agreement between the same three radiologists and
an consultant in chest medicine to be 0.72 [11]. These
values more closely parallel those obtained in this study.

One major difficulty encountered in this study is the
lack of availability of a true pathological gold standard
for the diagnosis of pneumonia. Clinically, the diag-
nosis is also difficult because of the nonspecific nature
of presenting symptoms and the difficulty in obtaining
sputum cultures in children [6, 12]. We therefore chose
to adopt predefined criteria for the radiographic diag-
nosis of pneumonia. The wide variability in what we
considered pneumonia may have contributed to a
decrease in our overall sensitivity for its diagnosis.

Additionally, interstitial infiltrates, peribronchial
thickening, and lung hyperinflation, which can be signs
of bacterial or viral pneumonia, were not evaluated. In
a prospective study of lower-respiratory infections in
infants, the highest agreement rates for chest radio-
graph interpretation were in those positive for airspace
disease with a kappa of 0.92. The agreement rate for a
normal chest radiograph interpretation was 0.66 and
for atelectasis 0.78 [13]. These results underscore the
variability in interpretation of chest radiographs and
also underscore the higher agreement rates for confluent
lobar pneumonias. Our 100% specificity for diagnosing
confluent lobar pneumonias parallels their results.

We did not assess the effect of the potential misdi-
agnosed cases of pneumonia using the frontal views
alone on patient management, as the goal of this study
was to determine the impact of the lateral radiograph on
the radiological diagnosis of pneumonia. This study was
designed to conform to level two of the six-tiered hier-
archical model of efficacy of diagnostic imaging pro-
posed by Fryback and Thornbury [14]. We do, however,
recognize the importance of determining the impact of
the radiographic diagnosis of pneumonia on the ultimate
patient management and outcome. In a study of 155
emergency department children, Grossman et al. showed
that the radiographic diagnosis of pneumonia alters
treatment from a preradiography diagnosis in 22% of
cases [6]. Since the radiological diagnosis has an impact
on treatment, an accurate and consistent radiological
diagnosis is necessary. Given the high sensitivity and
specificity of the frontal radiograph alone for confluent
lobar pneumonias, when the frontal view alone yields
a diagnosis of confluent lobar pneumonia, this is
highly reliable. In these cases, the lateral radiograph may
be omitted without a penalty. With the slightly lower
sensitivity of the frontal view alone for all types of
infiltrates, pneumonia will be radiographically underdi-
agnosed in 15% of patients. Many of the nonconfluent
streaky infiltrates may represent atelectasis and may not
be treated clinically as pneumonia. The clinical effects of
eliminating the lateral radiograph in these patients must
be assessed prior to implementing the practice of per-
forming frontal radiographs alone. In our cost- and
radiation-conscious environment, omitting the frontal
view without a significant clinical impact would be
valuable.
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