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Background: The value of physical examination findings in the
diagnosis of pneumonia in children may be limited, and the accuracy of
physicians in predicting pneumonia is not known.
Objective:We sought to determine the correlation between physicians’
assessment of the likelihood of pneumonia and radiographic presence
of pneumonia.
Methods: Prospective observational study of children 21 years or
younger presenting to a pediatric emergency department, who had a
chest radiography performed for suspicion of pneumonia. Physicians
recorded clinical findings and likelihood of pneumonia before obtaining
the radiograph. Definite and probable pneumonia was defined by a
radiologist’s interpretation of the radiograph.
Results: Of 2071 children, 147 (7%) had definite radiographic pneu-
monia, whereas 321 (15%) had probable or definite pneumonia. Among
patients perceived to be at lowest risk for pneumonia (G5% prediction),
4.3% (95% confidence interval [CI], 2.9%Y5.7%) had definite pneu-
monia, and 10.0% (95% CI, 8.3%Y12.5%) had probable or definite
pneumonia. Among children perceived to be at highest risk for pneu-
monia (975% prediction), 30.6% (95% CI, 15.5%Y45.6%) had definite
pneumonia, and 52.8% (95% CI, 37.7%Y70.3%) had probable or defi-
nite pneumonia. Physicians’ estimates of the likelihood of pneumonia
were positively correlated with the rate of definite (Spearman Q = 0.15,
P G 0.001) and probable or definite radiographic pneumonia (Spearman
Q = 0.19, P G 0.001).
Conclusions: With some overestimation, physicians’ assessment of
the likelihood of pneumonia correlates well with radiographic diagno-
sis of pneumonia.
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T he decision to order a chest radiograph (CXR) to evaluate for
pneumonia in a child is typically based on historical factors,

such as the presence of fever and duration of cough, as well as
physical examination findings, such as the presence of focal
rales or decreased breath sounds. A child with fever and cough
for 3 days who has focal rales on examination will probably be
judged by a physician to be very likely to have pneumonia,
whereas a child without fever and without focal findings on
ausculatory examination will most likely be presumed to be at
low risk of having radiographic pneumonia. Thus, the decision
to initiate antimicrobial therapy is often based on clinical sus-

picion, rather than radiographic studies, particularly in resource
poor settings.1Y6

Studies in adults have demonstrated that certain physical
examination findings, such as focal rales and decreased breath
sounds, have very good sensitivity in the diagnosis of pneumo-
nia.7,8 There are a paucity of data investigating test character-
istics of historical and examination findings in the evaluation of
pneumonia in children.1,2,4 In addition, a small proportion of
children, without tachypnea, and without ausculatory findings
on examination, will have radiographic pneumonia (previously
termed occult pneumonia).9,10 To our knowledge, there are no
studies that assess the correlation between the perceived likeli-
hood of pneumonia, as judged by the physician, and the rate of
radiographic pneumonia in children.

We sought to (1) determine the correlation between phy-
sicians’ assessment of the likelihood of pneumonia and the
radiographic presence of pneumonia among children presenting
to the emergency department (ED) in whom a CXRwas obtained
and (2) investigate whether certain patient characteristics and/or
indications for obtaining a CXR altered the assessment of pneu-
monia risk. Lastly, among patients in whom a radiograph was
obtained because of the presence of ausculatory findings, we
sought to determine the accuracy of physicians’ assessment of
the likelihood of pneumonia.

METHODS
As part of a prospective observational study to determine

the clinical utility of chest radiography among children pre-
senting to a pediatric ED, we asked physicians to indicate the
likelihood of pneumonia, for every patient in whom a CXR
was obtained.11 The study was conducted during an 18-month
period (November 2006 to July 2008) in a large urban pediatric
ED with approximately 56,000 visits annually. Patients younger
than 22 years were eligible for inclusion in the study if a CXR
was obtained for suspicion of pneumonia. Subjects were excluded
if they received a CXR for an indication other than the evaluation
for pneumonia (eg, foreign body aspiration, trauma, cardiac dis-
ease, pneumothorax). In addition, patients with chronic respira-
tory illness, such as cystic fibrosis, or any other illness that would
increase the risk of pneumonia, such as sickle cell disease or
immunosuppression, were also excluded.

Data were collected via check box questionnaires not
allowing a free narrative. All physicians in the ED were asked to
complete a questionnaire for each patient in whom a CXR was
obtained. Physicians completed a questionnaire before obtaining
the CXR. Each form was placed in a secure lockbox. To ensure
accurate results, questionnaires completed by trainees (pediatric
emergency fellows and residents) required review by the super-
vising attending physician before depositing the form.

We asked physicians to indicate the likelihood of pneu-
monia based on their evaluation and before knowledge of CXR
results. Responses included the following choices: less than 5%,
5% to 10%, 11% to 20%, 21% to 50%, 51% to 75%, and greater
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than 75%. Physicians were also asked to select the indication
for obtaining the CXR (eg, height of fever, duration of fever,
duration of cough, respiratory distress, presence of ausculatory
findings, elevated white blood cell count, or others) and were
able to select more than 1 indication. The questionnaire asked for
specific findings on physical examination, which included the
presence of retractions, grunting, and tachypnea. Tachypnea was
defined in 2 separate ways: (1) physician-assessed tachypnea,
which was simply a check box on the study questionnaire, and
(2) age-specific tachypnea defined by respiratory rate (RR) at
triage (RR Q 60 breaths per minute for children G2 years, RR Q

50 breaths per minute for children 2Y4.9 years, RR Q 30 breaths
per minute for children 5Y9.9 years, and Q25 breaths per minute
for children 10Y21 years) without any adjustment for fever or
agitation of the child at the time of the measurement.

Specific ausculatory findings listed on the study question-
naire included focal decreased breath sounds, rales, and wheez-
ing. For the latter 2 findings, we asked physicians to indicate
whether the finding was focal in one specific lung region or dif-
fuse. Further details of the study questionnaire have previously
been described.11

Electronic medical records were reviewed to obtain demo-
graphic information, vital signs, treatment administered in the
ED, disposition, and outcome. In addition, the final CXR report
was obtained from the electronic medical record. All CXRs
at our institution are interpreted by a board-certified pediatric
radiologist. We classified the CXRs into 3 groups: (1) definite
pneumonia, (2) negative, or (3) equivocal for the presence of
radiographic pneumonia. A radiographic diagnosis of definite
pneumonia was designated if a CXR report listed the presence
of infiltrate, consolidation, or pneumonia and was considered
negative if there was no mention of these findings. A radiograph
was assessed to be equivocal if there was mention of Batelec-
tasis versus pneumonia (and/or) infiltrate[ or Bcannot exclude
pneumonia.[ Patients with equivocal or definite findings of
pneumonia are herein defined as probable or definite pneumonia.

We compared the assessed likelihood of pneumonia by
the ordering physician, to the actual rate of definite, and probable
or definite radiographic pneumonia. For the 4 most common
indications for ordering a CXR, we compared the physician-
assessed likelihood of pneumonia to the radiographic diagno-
ses. Lastly, for CXRs ordered for the indication of Bausculatory
findings,[ we compared the physicians’ assessment of likeli-
hood of pneumonia to the actual rates of pneumonia, for each
specific ausculatory finding.

Data analysis was performed with SPSS (Statistical
Package for Social Sciences, Version 15; SPSS, Inc, Chicago,
IL). The relationship between the predicted probability of pneu-
monia and radiographic pneumonia was assessed using the
Spearman rank correlation coefficient (Q); P e 0.05 was consid-
ered significant.

We audited the electronic medical records of 10% of
patients in whom a CXR was ordered during the study period to
assess whether our study population was representative of all
children in whom a CXR was obtained.

The study was approved by the institutional review board.
Data collection was compliant with the Health Insurance Por-
tability and Accountability Act of 1996.

RESULTS
Study forms were completed for 2415 patients. Of these,

157 patients were excluded because the probability of pneu-
monia was not recorded by the physician, 26 patients were older
than 21 years, and 161 were excluded because of a condition

predisposing towards pneumonia. Two thousand seventy-one
patients met inclusion criteria during the 18-month study period.
On the basis of an audit of radiographs ordered in the ED, 51%
percent of eligible patients were enrolled. The rate of pneumonia
between enrolled patients and eligible but not enrolled patients
did not differ.

The median age of study patients was 2.3 years (inter-
quartile range [IQR], 0.8Y5.3 years), and median triage tem-
perature was 37.5-C (IQR, 36.8Y38.4-C); other demographic
characteristics of our study population are shown in Table 1. A
total of 147 (7.1%) children were determined to have Bdefinite
pneumonia[ on the basis of the final radiology reading and 321
(15.5%) had Bdefinite or probable pneumonia.[ Overall, 27.8%
of patients received an antibiotic in the ED, of which 17.9%
were administered for the diagnosis of pneumonia. The pro-
portion of patients treated with an antibiotic is more consistent
with the population defined as having either probable or defi-
nite pneumonia rather than definite pneumonia alone. Of these
patients, 22% were hospitalized, and 34.9% of patients with
definite pneumonia were hospitalized.

Table 2 shows the physicians’ assessment of the likelihood
of pneumonia compared with the radiographic diagnosis of
pneumonia. Among the group of children believed to be at the
lowest risk of pneumonia (estimated risk of pneumonia G5%),
the corresponding rate of definite pneumonia and probable
or definite pneumonia was quite low (4.3% [95% confidence

TABLE 1. Demographics of the Study Population
(n = 2071)

Characteristic n (%)

Age, yr
G2 949 (45.8)
2Y4.9 552 (26.7)
5Y9.9 334 (16.1)
10Y21.9 236 (11.4)

Males 1117 (53.9)
Triage temperature, -C
G38 1341 (64.9)
38.0Y38.9 431 (20.8)
39.0Y39.9 252 (12.2)
Q40 43 (2.1)

Age-specific tachypnea 293 (14.1)
Age G2 yr (RR Q60 breaths per minute) 108 (11.5)
Age 2Y4.9 yr (RR Q50 breaths per minute) 41 (7.5)
Age 5Y9.9 yr (RR Q30 breaths per minute) 89 (26.8)
Age 10Y21 yr (RR Q25 breaths per minute) 55 (23.3)

Triage oxygen saturation, %
G90 30 (1.4)
90Y93 108 (5.2)
94Y96 418 (20.2)
996 1348 (65.1)

Radiographic pneumonia
Definite pneumonia 147 (7.1)
Probable or definite pneumonia 321 (15.5)

Antibiotic administered in ED 576 (27.8)
Antibiotic administered for diagnosis of pneumonia 370 (17.9)
Admitted to hospital, % 456 (22.0)
Definite pneumonia 51 (34.9)
Probable or definite pneumonia 104 (32.5)
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interval {CI}, 2.9%Y5.7%] and 10.0% [95% CI, 8.3%Y12.5%],
respectively). Children assessed to be at the highest risk of
pneumonia (estimated 975%) had a high rate of radiographic
pneumonia (30.6% [95% CI, 15.5%Y45.6%] with definite
radiographic pneumonia and 52.8% [95% CI, 37.7%Y70.3%]
with probable or definite pneumonia). Physicians’ estimates of
the likelihood of pneumonia were positively correlated with
the rate of definite (Spearman Q = 0.15, P G 0.001) and prob-
able or definite radiographic pneumonia (Spearman Q = 0.19,
P G 0.001). The rate of pneumonia diagnosis by ED provider
parallels the rate of probable or definite radiographic pneumo-

nia and is positively correlated with physicians’ estimated rate of
pneumonia (Spearman Q = 0.28, P G 0.001).

The most common indication for obtaining a CXR was for
a prolonged duration of cough (n = 672, 32.4%). Among these
children, 8.3% (95% CI, 6.1%Y10.2%) had definite pneumonia
and 17.2% (95% CI, 14.5%Y20.3%) had probable or definite
pneumonia (Table 3). The rates of definite and probable or
definite pneumonia for other common indications are as follows:
height of fever (7.4% and 17.2%, respectively), duration of fever
(10.4% and 22.9%, respectively), and the presence of auscula-
tory findings (8.1% and 19.2%, respectively). Among children

TABLE 2. Evaluation of the Likelihood of Pneumonia (n = 2071)

Physicians’ Assessment of
Likelihood of Pneumonia

Definite Pneumonia
(n = 147, 7.1%), % (95% CI)

Probable or Definite Pneumonia
(n = 321, 15.5%), % (95% CI)

ED Discharge Diagnosis of
Pneumonia, % (95% CI)

G5% 4.3 (2.9Y5.7) 10.0 (8.3Y12.5) 9.3 (7.3Y11.3)
5%Y10% 6.5 (4.7Y8.3) 14.9 (12.3Y17.6) 18.0 (15.1Y20.8)
11%Y20% 9.1 (5.6Y12.6) 20.9 (15.9Y25.7) 25.0 (19.8Y30.2)
21%Y50% 16.4 (9.8Y23.0) 24.6 (17.0Y32.2) 38.8 (29.4Y46.6)
50%Y75% 15.2 (6.5Y23.8) 36.4 (24.8Y48.0) 54.8 (42.0Y66.0)
975% 30.6 (15.5Y45.6) 52.8 (37.7Y70.3) 75.8 (60.9Y89.2)

TABLE 3. Assessment of Pneumonia Risk Based on Indication for Obtaining CXR

Physicians’ Assessment of Likelihood of Pneumonia
by Indication for Ordering Radiograph* n

Definite Pneumonia,
n (%) [95% CI]

Probable or Definite Pneumonia,
n (%) [95% CI]

Height of fever 645 48 (7.4%) [5.4%Y9.5%] 111 (17.2%) [14.3%Y20.1%]
G5% 209 10 (4.8) 29 (13.9)
5%Y10% 256 18 (7.0) 34 (13.3)
11%Y20% 96 5 (2.2) 20 (20.8)
21%Y50% 48 5 (10.4) 9 (18.8)
51%Y75% 28 6 (21.4) 13 (46.4)
975% 8 4 (50.0) 6 (75.0)

Ausculatory findings 605 49 (8.1%) [5.9%Y10.3%] 116 (19.2%) [16.0%Y22.3%]
G5% 113 3 (2.7) 11 (9.7)
5%Y10% 235 12 (5.1) 36 (15.3)
11%Y20% 120 8 (6.7) 27 (22.5)
21%Y50% 66 9 (13.6) 10 (15.2)
51%Y75% 44 8 (18.2) 18 (40.1)
975% 27 9 (33.3) 14 (51.9)

Duration of fever 480 50 (10.4%) [7.7%Y13.1%] 110 (22.9%) [19.2%Y26.7%]
G5% 146 9 (6.2) 24 (16.4)
5%Y10% 191 20 (10.5) 38 (19.9)
11%Y20% 63 6 (9.5) 18 (28.6)
21%Y50% 42 6 (14.3) 12 (28.6)
51%Y75% 26 3 (11.5) 10 (38.5)
975% 12 6 (50.0) 8 (66.7)

Duration of cough 672 55 (8.3%) [6.1%Y10.2%] 117 (17.2%) [14.5%Y20.3%]
G5% 259 14 (5.4) 30 (11.6)
5%Y10% 243 21 (8.6) 39 (16.0)
11%Y20% 90 5 (5.6) 21 (23.3)
21%Y50% 46 6 (13.0) 9 (19.6)
51%Y75% 19 2 (10.5) 9 (47.4)
975% 15 7 (46.7) 9 (60.0)

*Indications for obtaining a CXR are not mutually exclusive (ie, physicians could select 91 indication).
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who had a CXR obtained for the indication of Bfirst episode of
wheeze,[ the rate of pneumonia was very low (definite pneu-
monia, 1.6%; probable or definite pneumonia, 9.2%).

A total of 605 (29.2%) patients had Bausculatory findings[ as
one of their primary indications for obtaining a CXR. Among this
group of children, 8.1% were diagnosed with definite pneumonia,
and 19.2% were diagnosed with probable or definite pneumonia
(Tables 4A and 4B, respectively). Children with focal rales on
examination who were perceived to be at low risk of pneumonia
(G5%) were unlikely to have radiographic pneumonia (definite
pneumonia, 3.0%; probable or definite pneumonia, 3.0%). Chil-
dren with focal rales, who were perceived to be at highest risk
of pneumonia (975%), were likely to have pneumonia (definite
pneumonia, 27.8%; probable or definite pneumonia, 44.4%).
Among children who had a CXR obtained for the presence of
focal wheeze on ausculatory examination, the overall rate of
pneumonia was quite low (definite pneumonia, 7.8%; probable
or definite pneumonia, 12.5%).

Among children younger than 2 years perceived to be at the
lowest risk of pneumonia (G5%), the actual rate of pneumonia
was low (definite pneumonia, 2%, probable or definite pneu-
monia, 8%); however, even for those predicted to be at high risk
of pneumonia (950%), the actual rate of pneumoniawas also low
(definite pneumonia, 0%; probable or definite pneumonia, 24%).
The number of young children judged to be at high risk of
pneumonia was low (n = 21). Among older children (910 years),
those judged to have greater than 50% risk of pneumonia did
have a high rate of radiographic pneumonia (definite pneumonia,
30%; probable or definite pneumonia, 45%). Among patients
with right-sided radiographic pneumonia, only 26% had auscu-

latory findings localized to the right side of the chest (3% had
focal left-sided findings, 13% diffused examination findings, and
57% had no ausculatory findings on examination); similarly,
only 24% of patients with left-sided radiographic pneumonia
had focal left-sided ausculatory findings.

DISCUSSION
The diagnosis of pneumonia can be challenging as there is

often a poor correlation between physical examination findings
and radiographic pneumonia, particularly in children.6,12,13 In
addition, there is much inherent variability in the practice of
ordering a radiograph for a child with suspicion of pneumonia.
In our study, we observed that the physicians’ assessment of the
likelihood of pneumonia correlated with the radiographic diag-
nosis of pneumonia. We observed that the most common indi-
cations for ordering a CXR in children in the ED setting include
the height and duration of fever, prolonged duration of cough,
and the presence of ausculatory findings. For each of these
indications, the rate of radiographic pneumonia correlated with
clinical impression of the likelihood of pneumonia.

For children in whom a radiograph was obtained primarily
for the presence of ausculatory findings on examination, the
estimation of pneumonia risk varied based on the examination
finding which prompted the physician to order the radiograph.
For certain examination findings such as focal rales and focal
decreased breath sounds, the perceived risk of pneumonia
closely paralleled the rate of radiographic pneumonia. However,
for patients who had a CXR obtained for the presence of focal
wheeze on examination, the actual rate of pneumonia was quite
low for all categories of assessed pneumonia risk.

TABLE 4A. Assessment of Definite Pneumonia Risk Based on Individual Examination Finding

Assessment of
Likelihood of
Pneumonia

% With Definite Pneumonia by Specific Examination Finding

Retractions

Tachypnea

Focal Decreased
Breath Sounds Rales Focal Rales

Focal
Wheeze

Physician-Assessed
Tachypnea

Age-Defined
Tachypnea

G5% 7/170 (4.1) 7/206 (3.4) 2/98 (2.0) 0/30 (0.0) 1/140 (0.7) 1/33 (3.0) 0/18 (0.0)
5%Y10% 9/144 (6.3) 18/243 (7.4) 8/101 (7.9) 5/91 (5.5) 13/211 (6.2) 9/111 (8.1) 2/21 (9.5)
11%Y20% 5/53 (9.4) 9/88 (10.2) 7/41 (17.1) 6/49 (12.2) 9/119 (7.6) 7/65 (10.8) 1/12 (8.3)
21%Y50% 4/30 (13.3) 9/49 (18.4) 4/27 (14.8) 6/26 (23.1) 10/71 (14.1) 8/42 (19.0) 2/10 (20.0)
51%Y75% 2/17 (11.8) 4/32 (12.5) 3/18 (16.7) 4/27 (14.8) 8/43 (18.6) 7/34 (20.6) 0/2 (0.0)
975% 2/7 (28.6) 4/10 (40.0) 2/8 (30.6) 5/11 (45.5) 5/26 (19.2) 5/18 (27.8) 0/1 (0.0)

TABLE 4B. Assessment of Probable or Definite Pneumonia Risk Based on Examination Findings

Assessment of
Likelihood of
Pneumonia

% With Probable or Definite Pneumonia by Specific Examination Finding

Retractions

Tachypnea

Focal Decreased
Breath Sounds Rales Focal Rales

Focal
Wheeze

Physician-Assessed
Tachypnea

Age-Defined
Tachypnea

G5% 21/170 (1.2) 22/206 (10.7) 11/98 (11.2) 5/30 (16.7) 8/140 (5.7) 1/33 (3.0) 0/18 (0.0)
5%Y10% 25/144 (17.4) 36/243 (14.8) 16/101 (15.8) 12/91 (13.2) 36/211 (17.1) 21/111 (18.9) 4/21 (19.0)
11%Y20% 7/53 (13.2) 18/88 (20.5) 11/41 (26.8) 10/49 (20.4) 25/119 (21.0) 18/65 (27.7) 2/12 (16.7)
21%Y50% 7/30 (23.3) 12/49 (24.5) 7/27 (25.9) 10/26 (38.5) 15/71 (21.1) 10/42 (23.8) 2/10 (20.0)
51%Y75% 5/17 (29.4) 14/32 (43.8) 8/18 (44.4) 12/27 (44.4) 17/43 (39.5) 15/34 (44.1) 0/2 (0.0)
975% 4/7 (57.1) 8/10 (80.0) 7/8 (87.5) 7/11 (63.6) 11/26 (42.3) 8/18 (44.4) 0/1 (0.0)
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Compared with infants and young children, the estimated
rate of pneumonia among older children and adolescents more
closely paralleled the actual rate of radiographic pneumonia.
This may reflect the inherent challenges in obtaining an accurate
history of illness among preverbal children and the difficulties in
detecting subtle physical examination findings in younger chil-
dren.2,14 It is interesting to note that only 25% of children had
ausculatory findings localized to the correct side of the chest in
which radiographic pneumonia is present.

There are limited data investigating specific clinical
examination findings or decision rules to help guide physicians
to determine which children presenting to the ED require a
CXR.4,13Y20 One study in adults found that physicians’ clinical
impression before obtaining a CXR was a better predictor of
radiographic pneumonia than any other combination of signs
and symptoms in the ED.4 This may be influenced by that fact
that ED physicians may have a lower threshold to diagnose and
treat patients for pneumonia based on the lack of appropriate
follow-up, access to radiography, and higher severity of illness
than encountered in primary care settings.

There is no criterion standard for the diagnosis of pneu-
monia in children.8,12,17,21 Most physicians will treat a child
for bacterial pneumonia based on the presence of an infiltrate on
a CXR.2,14,22,23 However, under certain circumstances, such as
described with dehydration, a patient with pneumonia may not
have an obvious infiltrate on CXR, especially if early in the
course of illness.24 Thus, some physicians will treat patients
solely on the presence of physical examination findings, such
as focal rales.8,13,20 Certain ausculatory findings such as focal
rales and decreased breath sounds have a moderate sensitivity
(70%) for the diagnosis of pneumonia in adults8; however, these
examination findings may not have a good sensitivity or speci-
ficity for the diagnosis of pneumonia in children. Lynch et al1

found that crackles on examination had a sensitivity of 43% and
specificity of 73% for the diagnosis of radiographic pneumonia
in children. In their multivariate model, radiographic pneumonia
was associated with the following findings on physical exami-
nation: fever (odds ratio [OR] = 3.1; 95%CI, 1.7Y5.6), decreased
breath sounds (OR = 1.5; 95% CI, 1.0Y2.2), crackles (OR = 2.0;
95% CI, 1.4Y3.0), and tachypnea (OR = 3.0; 95% CI, 1.6Y5.9).
The prevalence of radiographic pneumonia was 36%, signifi-
cantly higher than observed in our study. The test characteristics
of these examination findings have differed widely in other
investigations of radiographic pneumonia in children.6,7,25,26

There are several limitations to our study. Only half of the
eligible patients who underwent a CXR in the ED setting were
enrolled in our study, which may limit the internal validity of our
results. However, based on an audit of CXRs performed during
the study period, we did not observe a difference in the rate of
pneumonia between children included in our study and those
children who were eligible for inclusion but not enrolled.
Selection bias may have been introduced because we only studied
children undergoing chest radiography as part of their medical
care. Radiologists in our study were not blinded to the clinical
information, which prompted the radiograph to be obtained. Thus,
the interpretation of the radiograph may have been biased by
the physician who assessed the likelihood of pneumonia. This
bias may have been minimized by the fact that radiographs are
ordered using a computerized order entry system, in which most
requests are made using a default request: Bevaluate for pneu-
monia.[ Finally, our study was conducted at a single institution,
which may limit the generalizability of our results.

In a population of children who undergo radiographic
testing to evaluate for pneumonia, physicians’ assessment of
the likelihood of pneumonia correlates well with radiographic

diagnosis of pneumonia. For each of the common indications
for which a radiograph is ordered, physicians accurately are
able to identify a population of children at both low risk and
high risk of radiographic pneumonia. Overall, physicians accu-
rately but slightly overestimate the risk of pneumonia in children
based on historical factors and physical examination findings.

REFERENCES

1. Lynch T, Platt R, Gouin S, et al. Can we predict which children with
clinically suspected pneumonia will have the presence of focal infiltrates
on chest radiographs? Pediatrics. 2004;113(3 pt 1):e186Ye189.

2. McCarthy PL. The pediatric clinical evaluation and pneumonia.
Curr Opin Pediatr. 1996;8(5):427Y429.

3. O’Brien WT Sr, Rohweder DA, Lattin GE Jr, et al. Clinical indicators of
radiographic findings in patients with suspected community-acquired
pneumonia: who needs a chest x-ray? J Am Coll Radiol.
2006;3(9):703Y706.

4. Singal BM, Hedges JR, Radack KL. Decision rules and clinical
prediction of pneumonia: evaluation of low-yield criteria. Ann Emerg
Med. 1989;18(1):13Y20.

5. Wipf JE, Lipsky BA, Hirschmann JV, et al. Diagnosing pneumonia by
physical examination: relevant or relic? Arch Intern Med.
1999;159(10):1082Y1087.

6. Zukin DD, Hoffman JR, Cleveland RH, et al. Correlation of pulmonary
signs and symptoms with chest radiographs in the pediatric age
group. Ann Emerg Med. 1986;15(7):792Y796.

7. Leventhal JM. Clinical predictors of pneumonia as a guide to
ordering chest roentgenograms. Clin Pediatr (Phila). 1982;21(12):
730Y734.

8. Metlay JP, Kapoor WN, Fine MJ. Does this patient have
community-acquired pneumonia? Diagnosing pneumonia by history
and physical examination. JAMA. 1997;278(17):1440Y1445.

9. Murphy CG, van de Pol AC, Harper MB, et al. Clinical predictors of
occult pneumonia in the febrile child. Acad Emerg Med. 2007;14(3):
243Y249.

10. Bachur R, Perry H, Harper MB. Occult pneumonias: empiric chest
radiographs in febrile children with leukocytosis. Ann Emerg Med.
1999;33(2):166Y173.

11. Mathews B, Shah S, Cleveland R, et al. Clinical predictors of pneumonia
among children with wheezing. Pediatrics. 2009;124(1):e29Ye36.

12. Kiekara O, Korppi M, Tanska S, et al. Radiological diagnosis of
pneumonia in children. Ann Med. 1996;28(1):69Y72.

13. Korppi M. Physical signs in childhood pneumonia. Pediatr Infect
Dis J. 1995;14(5):405Y406.

14. Margolis P, Gadomski A. The rational clinical examination. Does this
infant have pneumonia? JAMA. 1998;279(4):308Y313.

15. Enwere G, Cheung YB, Zaman SM, et al. Epidemiology and clinical
features of pneumonia according to radiographic findings in Gambian
children. Trop Med Int Health. 2007;12(11):1377Y1385.

16. Graffelman AW, le Cessie S, Knuistingh Neven A, et al. Can history
and exam alone reliably predict pneumonia? J Fam Pract.
2007;56(6):465Y470.

17. Juven T, Ruuskanen O, Mertsola J. Symptoms and signs of
community-acquired pneumonia in children. Scand J Prim Health Care.
2003;21(1):52Y56.

18. Losek JD, Kishaba RG, Berens RJ, et al. Indications for chest
roentgenogram in the febrile young infant. Pediatr Emerg Care.
1989;5(3):149Y152.

19. Mahabee-Gittens EM, Dowd MD, Beck JA, et al. Clinical factors
associated with focal infiltrates in wheezing infants and toddlers.
Clin Pediatr (Phila). 2000;39(7):387Y393.

Pediatric Emergency Care & Volume 26, Number 11, November 2010 Pneumonia Likelihood in the Pediatric ED

* 2010 Lippincott Williams & Wilkins www.pec-online.com 821

Copyright © 2010 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



20. Gennis P, Gallagher J, Falvo C, et al. Clinical criteria for the
detection of pneumonia in adults: guidelines for ordering chest
roentgenograms in the emergency department. J Emerg Med.
1989;7(3):263Y268.

21. Tobin MJ. Diagnosis of pneumonia: techniques and problems.
Clin Chest Med. 1987;8(3):513Y527.

22. Boersma WG, Daniels JM, Lowenberg A, et al. Reliability of
radiographic findings and the relation to etiologic agents in
community-acquired pneumonia. Respir Med. 2006;100(5):926Y932.

23. Jadavji T, Law B, Lebel MH, et al. A practical guide for the
diagnosis and treatment of pediatric pneumonia. CMAJ. 1997;156(5):
S703YS711.

24. Hash RB, Stephens JL, Laurens MB, et al. The relationship between
volume status, hydration, and radiographic findings in the diagnosis of
community-acquired pneumonia. J Fam Pract. 2000;49(9):833Y837.

25. Grossman LK, Caplan SE. Clinical, laboratory, and radiological
information in the diagnosis of pneumonia in children. Ann Emerg Med.
1988;17(1):43Y46.

26. Rothrock SG, Green SM, Fanelli JM, et al. Do published guidelines
predict pneumonia in children presenting to an urban ED? Pediatr
Emerg Care. 2001;17(4):240Y243.

27. Shah S, Mathews B, Neuman M, et al. Detection of occult pneumonia
in a pediatric emergency department. Pediatr Emerg Care. 2010;26(9):
615Y621.

Neuman et al Pediatric Emergency Care & Volume 26, Number 11, November 2010

822 www.pec-online.com * 2010 Lippincott Williams & Wilkins

Copyright © 2010 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.


