Negative Chest Radiography
and Risk of Pneumonia
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BACKGROUND AND 0BJECTIVES: The ability of the chest radiograph (CXR) to exclude the diagnosis of
pneumonia in children is unclear. We sought to determine the negative predictive value of

CXR in children with suspected pneumonia.

meTHODS: Children 3 months to 18 years of age undergoing CXRs for suspected pneumonia in
a tertiary-care pediatric emergency department (ED) were prospectively enrolled. Children
currently receiving antibiotics and those with underlying chronic medical conditions

were excluded. The primary outcome was defined as a physician-ascribed diagnosis of
pneumonia independent of radiographic findings. CXR results were classified as positive,
equivocal, or negative according to radiologist interpretation. Children with negative CXRs
and without a clinical diagnosis of pneumonia were managed for 2 weeks after the ED

visit. Children subsequently diagnosed with pneumonia during the follow-up period were

considered to have had false-negative CXRs at the ED visit.

ResuLTS: There were 683 children enrolled during the 2-year study period, with a median
age of 3.1 years (interquartile range 1.4-5.9 years). There were 457 children (72.8%) with
negative CXRs; 44 of these children (8.9%) were clinically diagnosed with pneumonia, and
42 (9.3%) were given antibiotics for other bacterial syndromes. Of the 411 children with
negative CXRs who were managed without antibiotics, 5 were subsequently diagnosed
with pneumonia within 2 weeks (negative predictive value of CXR 98.8%; 95% confidence

interval 97.0%-99.6%).

concLusions: A negative CXR excludes pneumonia in the majority of children. Children with
negative CXRs and low clinical suspicion for pneumonia can be safely observed without

antibiotic therapy.
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WHAT’S KNOWN ON THIS SUBJECT: Chest
radiographs (CXRs) are often used for the
evaluation of pneumonia. However, some clinicians
are concerned about the accuracy of CXRs when
diagnosing pneumonia in children, particularly early
in disease or in children with dehydration.

WHAT THIS STUDY ADDS: The majority of children
with suspected pneumonia and negative CXR results
will recover without antibiotic use; thus, the CXR can
be considered as a reasonable reference standard
to exclude pneumonia in children.

To cite: Lipsett SC, Monuteaux MG, Bachur RG, et al. Negative
Chest Radiography and Risk of Pneumonia. Pediatrics.
2018;142(3):e20180236

Downloaded from www.aappublications.org/news by guest on
PEDIATRICS Volume 142, number 3, September 2018:620180236

ARTICLE



https://doi.org/10.1542/peds.2018-0236
mailto:
mailto:
mz
Texte surligné 

mz
Texte surligné 

mz
Texte surligné 


Diagnosing pneumonia in children
can be challenging; a recent
systematic review revealed the poor
predictive value of individual signs
and symptoms for the diagnosis

of pneumonia.! Missed bacterial
pneumonia can lead to significant
morbidity and mortality; thus, many
clinicians in the acute-care setting
rely on the chest radiograph (CXR)
as an additional tool to establish
the diagnosis of pneumonia and
determine the need for antibiotic
therapy.2* However, limitations

of the use of the CXR to diagnose
pneumonia include variability in
interpretation>-7 and its inability

to distinguish viral from bacterial
processes.” Additionally, some
clinicians are concerned that
radiographic findings of pneumonia
may be absent early in the course
of the disease or in patients with
dehydration,® leading them to
prescribe antibiotics despite a
negative CXR. The ability of CXR to
exclude pneumonia in children has
not been determined.

Therefore, we conducted a
prospective observational cohort
study in children undergoing CXR
for suspected pneumonia, focusing
specifically on the management

and outcomes of children in whom
the CXR revealed no evidence of
pneumonia. We sought to determine
the negative predictive value (NPV)
of the CXR in children with suspected
pneumonia. We were particularly
interested in understanding whether
children with negative CXRs recover
without antibiotic use. Additionally,
we assessed which signs and
symptoms were associated with

a clinical diagnosis of pneumonia
during the emergency department
(ED) encounter despite a negative
CXR.

METHODS

Study Setting and Participants

This prospective observational
cohort study was conducted over

a 24-month period beginning May
2015 in a large, urban pediatric ED
with ~60 000 visits annually. We
included children aged 3 months to
18 years who had a CXR performed
to evaluate for pneumonia. The
decision to perform a CXR was

made at the discretion of the
treating clinician. Because of the

lack of reliability and sensitivity

of clinical signs for the diagnosis

of pneumonia,>? our ED has an
established guideline recommending
CXR performance for all children
with suspected pneumonia, with
CXRs being performed in >75%

of children who are ultimately
diagnosed with pneumonia. We
excluded children currently receiving
an antibiotic for pneumonia or
another infection as well as children
with complex medical conditions
predisposing them to pneumonia
(eg, cystic fibrosis, sickle cell disease,
malignancy or immunodeficiency,
risk of aspiration). Additionally,
children who were deemed too ill by
a treating clinician and those whose
caregivers were not proficient in
English were not eligible for inclusion
in the study. Research coordinators
identified eligible patients in real
time by monitoring an electronic
tracking board for CXR order
placement among patients with chief
complaints that were suggestive of
possible pneumonia (eg, cough, fever,
and difficulty breathing). Among
eligible patients, informed consent
was obtained from caregivers,

and assent was obtained from the
children when appropriate.

Data Collection

Once eligibility was confirmed

and the patient and/or family
consented, the patient’s attending
physician (board-certified
pediatrician or pediatric emergency
medicine physician) estimated the
likelihood of radiographic findings
of pneumonia (<5%, 5%-10%,
11%-20%, 21%-50%, 51%-75%,
and >75%), before knowledge of

radiograph results, on the basis of
the physician’s clinical impression.
The same treating physician
recorded physical examination
findings (wheezing, respiratory
distress, rales, and diminished breath
sounds) and indicated whether the
child had signs of another infection
warranting antibiotic treatment
(eg, streptococcal pharyngitis, otitis
media, or sinusitis).

Electronic medical records from
the index ED visit were reviewed to
abstract demographic information,
vital signs, antibiotics administered
in the ED or prescribed, diagnoses
ascribed, and ultimate disposition.
CXR results were abstracted from
the medical record by using the
final reading by a board-certified
pediatric radiologist. CXRs were
classified according to a previously
developed classification scheme!?
as revealing definite evidence of
pneumonia (positive), no evidence
of pneumonia (negative), or
equivocal findings, on the basis of
the final impression by a board-
certified pediatric radiologist as
part of the child’s clinical care.
CXRs whose reports contained
descriptors such as “consolidation”
or “pneumonia” were classified

as positive. CXRs whose reports
contained descriptors such as

“no pneumonia,” “peribronchial
cuffing,” “atelectasis,” or “findings
suggestive of viral bronchiolitis”
were classified as negative. CXRs
whose reports contained descriptors
such as “atelectasis vs infiltrate,”
“atelectasis vs pneumonia,” or
“likely atelectasis but cannot rule
out pneumonia” were classified as
equivocal. We did not classify CXRs
with equivocal findings as negative
because equivocal findings may
represent evolving pneumonia, and
in our institutional experience, the
majority of children with equivocal
CXR findings are diagnosed with
pneumonia.ll

Caregivers were contacted by phone
or e-mail twice (at 4-7 days and
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again at 10-14 days) after their
children’s ED visit regardless of
whether they were discharged or
admitted at the ED visit. At each
contact, caregivers completed

a structured questionnaire in
Research Electronic Data Capture.
Standardized questions were

asked in order to determine the
timing of symptom resolution or
progression, return to school or day
care, compliance with prescribed
medications (if any), and revisits

for additional medical care. For
children who were not diagnosed
with pneumonia at the ED visit, a
subsequent diagnosis of pneumonia
was determined by caregiver survey.
Caregivers were asked, “Since leaving
the ED, has your child been diagnosed
with pneumonia?” Positive responses
included follow-up questions about
the health care setting where the
diagnosis was made and the duration
of time between the ED visit and the
pneumonia diagnosis.

Outcome Measures

Our primary outcome was the
clinical diagnosis of pneumonia,
either at the ED visit or during

the follow-up period. A child was
considered to have a diagnosis of
pneumonia at the ED visit if he

or she was ascribed a discharge
diagnosis of pneumonia in the ED
provider’s note regardless of CXR
results. For patients who were not
diagnosed with pneumonia at the
index visit, a subsequent diagnosis
of pneumonia during the follow-up
period was determined by caregiver
survey. For patients for whom
survey responses were not received,
the electronic medical record was
queried for the presence of clinician-
diagnosed pneumonia during the
2-week follow-up period.

Data Analysis

Demographic and clinical
characteristics are presented by
using frequencies with proportions
for categorical variables and

medians with interquartile ranges
(IQRs) for continuous variables.
Characteristics of children,
stratified by CXR result and
ultimate pneumonia diagnosis,
were compared by using the

x? test for categorical variables

and the Wilcoxon rank sum test for
continuous variables. The NPV of the
CXR was calculated as a proportion
with 95% confidence intervals
(CIs). We calculated the NPV in 2
ways. First, we limited our cohort
to children with negative CXRs

who were discharged from the ED
without a diagnosis of pneumonia
and without antibiotics prescribed.
Among this subgroup, children
with subsequent diagnoses of
pneumonia during the follow-up
period were considered to have
had false-negative CXRs at the

ED visit. We did not require the
subsequent diagnosis to be based
on a follow-up CXR; this allows for
a more conservative estimate of the
NPV of the CXR and is reflective of
actual practice. We also calculated
the NPV of the CXR by classifying
the cohort of children who were
diagnosed with pneumonia at the ED
visit despite negative CXR results as
having had false-negative CXRs. Data
analysis was performed with Stata
version 13.1 (Stata Corp, College
Station, TX).

The study was approved by
the Boston Children’s Hospital
Institutional Review Board.

RESULTS

Subjects

During the study period, 3101
children had a CXR performed for
suspected pneumonia, of whom 1106
(35.7%) were eligible for inclusion.
Of these, 823 (74.4%) patients
and/or families were approached,
and 683 (83%) were included in our
study cohort (Fig 1). The median
age of participants was 3.1 years
(IQR 1.4-5.9 years), and 21.4%
were hospitalized (Table 1). Overall,

200 patients (29.3% of the cohort)
were diagnosed with pneumonia
during the ED visit, 196 (98%) of
whom were prescribed antibiotics.
Of the 156 children with clinically
diagnosed pneumonia, 78% had
positive or equivocal CXRs and 44
(22%) had negative CXRs.

Radiograph Results

Overall, 16.5% of children had
positive CXRs, 10.7% had equivocal
CXRs, and 72.8% had negative CXRs
(Table 1). Children whose CXRs
were suggestive of pneumonia (both
definite and equivocal) were older
than children with negative CXRs;
they were also more likely to have
rales and respiratory distress on
examination and less likely to have
wheezing (Table 2). The difference in
minimum oxygen saturation between
the 2 groups was not clinically
meaningful despite its statistical
significance.

ED Management of Children by
Radiograph Result

Of the 113 children with positive
CXRs, 108 (96%) were diagnosed
with pneumonia. Of the 73 children
with equivocal CXRs, 48 (66%)
were diagnosed with pneumonia
(Fig 2). Children who were not
diagnosed with pneumonia despite
positive or equivocal results were
more likely to have wheezing on
examination than those who were
diagnosed with pneumonia (30.0%
vs 13.5%; P =.02). Of the 497
children with negative CXRs, 44
(8.9%) were clinically diagnosed
with pneumonia at the ED visit
despite the negative radiographic
findings. An additional 42 children
were treated with antibiotics for
other reasons, the most common
being otitis media. There were
411 children who were discharged
from the ED without a diagnosis of
pneumonia and without antibiotic
treatment.

Among children with negative
CXRs, the physician-estimated
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Children 3 months to 18 years
old who underwent a CXR to
evaluate for pneumonia
n=3101

v

Eligible for inclusion
n=1106

Met exclusion criteria (n = 1995)

+ Complex chronic condition (n = 1202)

* Non-English speaking (n = 370)

* >1 dose of antibiotics before arrival (n = 229)
* Existing diagnosis of pneumonia (n = 194)

Approached for enrollment
n=2823

v

Unable to approach (n = 283)
« Patient factors (n = 151)*

* Clinician factors (n = 110)°

* Other (n=22)

Enrolled in study
n =683

FIGURE 1

Patient screening and enrollment. @ Deemed too sick to approach, no guardian present, or complex
psychosocial issues. ® Research coordinator or physician not available; patient discharged before

approach.

TABLE 1 Patient Demographics (N = 683)

v

Declined participation (n = 140)

Characteristic n (%)
Age in'y, median (IQR) 3.1(1.4-59)
Age group
<6 mo 24 (3.5)
6motoly 218 (31.9)
2-5y 276 (40.4)
6-11y 116 (17.0)
12-18y 49 (7.2)
Female sex 316 (46.3)
Hospitalized 146 (21.4)
Regular inpatient bed 128 (87.7)
Step-up unit or ICU 18 (12.3)
CXR results
Definite pneumonia 113 (16.5)
Equivocal for pneumonia 73 (10.7)
No pneumonia 497 (72.8)
ED diagnosis of pneumonia 200 (29.3)
Antibiotics prescribed 244 (35.7)
Alternative bacterial syndromes identified 56 (8.2)
Otitis media 35
Urinary tract infection 6
Sinusitis 5
Streptococcal pharyngitis 1
Lymphadenitis 1
Suspected pertussis 2
Other? 6

@ Other includes folliculitis, bronchitis, osteomyelitis, and leukocytosis in a child with fever.

likelihood of pneumonia before
knowledge of CXR results was
positively correlated with a clinical
diagnosis of pneumonia (Spearman
correlation coefficient 0.29; P <.001;
Supplemental Fig 3). Compared with
children who were not diagnosed
with pneumonia, those who were
diagnosed with pneumonia in the
setting of a negative CXR result were
more likely to have rales (50.0% vs
25.2%; P <.001) and respiratory
distress (29.6% vs 17.0%; P = .04)
and less likely to have wheezing
(11.4% vs 26.5%; P =.03). Of the
111 children with a combination

of fever and rales, 21 (19%) were
diagnosed with pneumonia despite
having a negative CXR result.

There was no difference in the
hospitalization rates between the 2
groups.

Outcomes of Children With Negative
Results

Of the 411 children with negative
CXRs who were not prescribed

an antibiotic, 74 (18%) were
hospitalized, and the remainder were
discharged from the ED. The reason
for hospitalization in most of these
cases was wheezing or respiratory
distress. Caregiver follow-up survey
data were available for 363 children
(88.3%). There were no significant
differences in baseline or clinical
characteristics between the groups
with and without follow-up survey
data available (Supplemental Table 4).
At 1 week, 93.8% of children were
rated as being “better” than they
were at the index ED visit (versus
“worse” or “about the same”), with
64.8% being rated as completely back
to normal, and 86.4% of children had
returned to school or day care. At 2
weeks, 81.5% of children were rated
as being completely back to normal,
and 96.7% had returned to school or
day care.

NPV of the CXR

Of the 411 children with negative
CXRs who were not prescribed
an antibiotic, 5 (1.2%) were
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TABLE 2 Characteristics of Children Based on Radiographic Findings

Characteristic Definite or Equivocal Pneumonia on CXR Negative for Pneumonia on CXR (N = 497), P
(N=186), n (%) n (%)
Age in y, median (IQR) 3.8 (1.6-6.3) 29 (1.4-5.5) .008
Female sex 94 (50.5) 222 (44.7) A7
History of fever 152 (81.7) 393 (74.1) 44
Minimum oxygen saturation in ED, median (IQR) 97 (94-98) 98 (96-99) <.001
Physical examination findings
Rales and/or crackles 69 (37.1) 136 (27.4) .01
Decreased breath sounds 53 (28.5) 123 (24.8) 32
Respiratory distress 49 (26.3) 90 (18.1) 02
Wheezing 0 (16.1) 125 (25.2) 01
Hospitalized 57 (30.7) 89 (17.9) <.001
Diagnosed with pneumonia 156 (83.9) 44 (8.9) <.001

Children 3 months to 18 years
old who underwent a CXR to
evaluate for pneumonia
n=683
I
I l

Positive or equivocal
CXR
n =186 (27.2%)

Negative CXR
n =497 (72.8%)

Diagnosed with
pneumonia in the ED
n =156 (83.9%)

Not diagnosed with
pneumonia in the ED
n =30 (16.1%)

Diagnosed with
pneumonia in the ED
n=44(8.9%)

Not diagnosed with
pneumenia in the ED
n=453(91.1%)

Si les

symptémes

etaient clairs, la

Not treated with
antibiotics
n =411 (90.7%)

Treated with
antibiotics fowad
n=42(9.3%)

|

Rx était inutile...

FIGURE 2
ED management based on radiographic findings.

diagnosed with pneumonia during
the subsequent 2-week follow-up
period (4 were identified by parent
survey and 1 by medical record
review), yielding an NPV of the CXR
0f 98.8% (95% CI 97.0%-99.6%)
for the diagnosis of pneumonia

in this cohort. The NPV was
unchanged when the 42 children
who were prescribed antibiotics
for reasons other than pneumonia
were included in the analysis.
Characteristics of the 5 children
with negative CXRs who were
diagnosed with pneumonia during

Diagnosed with
pneumonia within 2
weeks of ED visit
n=5(1.2%)

Not diagnosed with
pneumonia within 2
weeks of ED visit

n =406 (98.8%)

1 Reasons for antibiotic use:

| 26 otitis media

| 3 sinusitis

: 3 urinary tract infection

| 3 fever and leukocytosis

' 2 suspected pertussis

: 1 streptococcal phyaryngitis
1 1 cervical adenitis

1 bronchitis

! 2 unknown reason

the follow-up period are shown in
Table 3. All 5 children were <3 years
of age, and the majority had fever
for <1 day at the time of the ED
visit. None of the children received
intravenous fluids for dehydration
during the ED visit. Of the 5 children
who were subsequently diagnosed
with pneumonia during the 2-week
follow-up period, only 1 had
radiographic findings of pneumonia
on repeat ED visit. After including
the 44 children with clinically
diagnosed pneumonia in the

setting of negative CXRs (classified

as false-negative CXRs), the NPV
of the CXR was 89.2% (95% CI
85.9%-91.9%).

DISCUSSION

In this prospective observational
cohort study of children undergoing
radiography for suspected
pneumonia, we found that among
children with negative CXRs

who were not treated with or
prescribed antibiotics, only 1.2%
were subsequently diagnosed with
pneumonia within 2 weeks of the
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TABLE 3 Characteristics of Patients With Negative CXRs Who Were Diagnosed With Pneumonia During the Follow-up Period

Age,y  Duration Maximum Minimum Received IV Disposition  Hospitalized Physician Clinical Synopsis

of Fever,  Temperature Oxygen Fluids During From ED at Follow-up Estimation of
d in ED, °C Saturation ED Visit Likelihood of

in ED Pneumonia
Before CXR, %

19 1 38.4 97 No Discharged No Patient returned 2 d after ED visit with
continued fever and cough. A repeat CXR
was negative for evidence of pneumonia;
however, the patient was diagnosed with
pneumonia and treated with amoxicillin.

0.7 2 39.0 97 No Discharged No Patient returned 2 d after ED visit with
worsening symptoms. Examination with
new right otitis media and repeat CXR
with equivocal findings (questionable
densities in right-middle and left-lower
lobes); diagnosed with pneumonia and
treated with amoxicillin

23 1 39.4 95 No Discharged No Diagnosed with pneumonia by primary
care provider within 3 d of ED visit and
treated with amoxicillin

29 0 37.3 98 No Discharged No Diagnosed with pneumonia by primary
care provider within 3 d of ED visit and
treated with amoxicillin

0.7 1 38.2 100 No Discharged No Diagnosed with pneumonia by primary

care provider within 3 d of ED visit and
treated with amoxicillin

IV, intravenous.

ED visit. Forty-four children with
negative results were nonetheless
ascribed a diagnosis of pneumonia;
these children were more likely to
have rales or respiratory distress
and less likely to have wheezing
than children with negative CXRs
and no pneumonia diagnosis. Our
findings reveal that most children
with negative results will recover
fully without antibiotic use.

To our knowledge, this is the

first prospective study in which
researchers manage a large

cohort of children with suspected
pneumonia and negative CXR
results and allow for the evaluation
of chest radiography to exclude

the diagnosis of pneumonia. Most
clinicians caring for children in the
outpatient setting rely on clinical
signs and symptoms to determine
whether to prescribe an antibiotic
for the treatment of pneumonia.
However, given recent literature

in which the poor reliability and
validity of physical examination
findings are cited,"12 reliance on
physical examination alone may lead

to the overdiagnosis of pneumonia.
One recent prospective pediatric
study suggested that performance
of CXRs in children with suspected
pneumonia may decrease
unnecessary antibiotic use.!! Thus,
clinicians must balance the risk of
antibiotic overuse against the risks
and costs of chest radiography.

In this investigation, we provide
important new insights into the
paradigm of CXR performance for
the evaluation of pneumonia in
children.

Despite no pediatric data to support
this notion, many clinicians believe
that CXRs may be falsely negative
early in the course of disease.®
There are a few adult studies

in which researchers examine

the rate of initially false-negative
results in patients with suspected
pneumonia,’3-15 although they are
limited by their retrospective design
and selection bias.!314 The largest
study in which researchers examine
this phenomenon was a prospective
cohort study of 2706 adults who

were hospitalized with community-
acquired pneumonia in Canada, 98%
of whom underwent CXRs both on
admission and within 96 hours of
admission.!> One-third of the patients
had negative CXRs on admission, and
of these, 7% developed radiographic
signs of pneumonia within 72

hours. There was no information
provided about the clinical trajectory
of the patients with subsequent
development of radiographic
findings.

Some clinicians are also concerned
that typical radiographic findings

of pneumonia may be absent in
children with dehydration,® driven
by the theory that dehydration
causes a lower hydrostatic

pressure and elevated oncotic
pressure in the lungs, leading to

a net reduction in the fluid in the
pulmonary capillaries.1® In the only
experimental study on the subject, 2
groups of dogs (4 normally hydrated
and 4 moderately dehydrated)
received intrabronchial instillation
of Streptococcus pneumoniae.1®
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All dogs had abnormal findings

on CXR 5 hours after instillation,
with no difference observed in

the extent of pneumonia or time

to radiographic appearance of
pneumonia between the dogs that
were well hydrated and those that
were dehydrated. Human data on
dehydration are limited to adults,
with mixed findings observed. A
small retrospective review of 125
adults who were hospitalized with
pneumonia in a community teaching
hospital revealed higher serum urea
nitrogen levels and mean fluid intake
in patients who had progressive
radiographic findings within 96
hours compared with those with
unchanged or improving radiograph
findings.1” However, these findings
have not been replicated in other
studies.'31° In our study, none of the
5 children who were subsequently
diagnosed with pneumonia required
intravenous fluid administration

at the ED visit, making it unlikely
that any of them were significantly
dehydrated at the time of the initial
radiograph.

In our cohort, 44 children

were clinically diagnosed with
pneumonia at the ED visit despite
negative CXRs. This practice
highlights the challenging nature
of pneumonia diagnosis, which

can be based on clinical findings,
radiographic findings, or a
combination of both. Within the
confines of our study methods,

it is impossible to know if repeat
radiographs would have revealed
the evolution of radiographic signs
that are consistent with pneumonia
or whether these children would
have recovered without antibiotic
treatment. These children may have
appeared clinically ill, although the
hospitalization rate was not higher
in this group. It is also possible
that anchoring bias played a role;
previous work has demonstrated
that clinicians who are strongly
suspicious of pneumonia in their
patients before CXR performance

may be more likely to minimize

the significance of negative
radiographic findings.!? Regardless,
there was something different
about these children that led
clinicians to diagnose pneumonia
in the setting of a negative CXR.
Our finding that respiratory
distress and rales were more
common in these children suggests
that clinicians rely on these
characteristics to aid in decision-
making for diagnosing pneumonia.
In contrast, patients who presented
with wheezing were less likely to
be diagnosed with pneumonia than
those without wheezing regardless
of CXR results. This may reflect

a belief that wheezing is more
suggestive of a viral pathogen or
may suggest that these children’s
physical examination findings
improved after bronchodilator
therapy, leading clinicians to be
less suspicious of pneumonia as
the cause of their symptoms. When
these 44 children were included in
our NPV calculation as having false-
negative CXRs, the NPV decreased
but remained high at 89.2%.

Our study has several notable
limitations. First, the primary
outcome of pneumonia was based
on the clinical diagnosis by an
attending physician. Clinicians
diagnose pneumonia on the basis
of a combination of signs and
symptoms, often in conjunction
with radiographic findings because
there is no universally accepted
gold standard for the diagnosis of
pneumonia in children. This is an
important limitation of pneumonia
research. Second, the decision to
perform a CXR and prescribe an
antibiotic was left to the discretion of
the treating clinician, and follow-up
radiographs were not obtained
systematically on all patients. Thus, it
is possible that some of the children
with negative CXRs who recovered
without antibiotic therapy may have
had positive radiographic findings if
repeat radiographs were obtained.

We are also unable to know if the

3 children who were subsequently
diagnosed with pneumonia by

their primary care providers truly
had pneumonia that was missed

on the original radiograph or if

their continued symptoms were
from another cause, such as a viral
respiratory tract infection. On a
related note, we relied on self-report
to determine whether a patient was
diagnosed with pneumonia during
follow-up. We were unable to verify
the manner in which pneumonia was
diagnosed or whether a CXR was
obtained. Third, we acknowledge
that radiographic pneumonia is

not synonymous with bacterial
pneumonia'8-2%; however, for the
purposes of our study, we were most
interested in understanding whether
children with negative CXR results
recover fully without antibiotics,

and thus, the distinction between
bacterial versus viral is less relevant.
Fourth, radiograph classifications
were based on final impressions by
nonblinded pediatric radiologists as
part of the children’s clinical care.
Knowledge of the clinical information
prompting the radiograph may

have led to bias in interpretation.
Previous studies have also revealed
varying interrater reliability when
interpreting pediatric CXRs,>®
although agreement is higher when
evaluating for the presence of
airspace disease.®?! Finally, we were
unable to enroll 100% of eligible
patients for a variety of reasons,
including complex psychosocial
issues, critical illness, and a lack of
research coordinator availability at
certain times. Additionally, we were
not able to acquire follow-up data
on the entire sample, and in our
medical record review, we may have
missed medical care that occurred
outside of our provider network.
However, no significant differences
in baseline clinical or demographic
characteristics were noted between
those patients who did and did not
respond to the follow-up assessments
(Supplemental Table 4), so it is
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unlikely that the attrition introduced
bias into our results.

We have found that the CXR has

a high NPV for the diagnosis of
pneumonia in children presenting
to the ED with signs and symptoms
of acute lower respiratory tract
infection. We recognize that the

diagnosis of pneumonia often relies
on a combination of clinical and
radiographic features. However, our
findings reveal that the majority of
children with suspected pneumonia
and negative CXRs, especially those
in whom the clinical suspicion of
pneumonia is low, can be safely
managed without antibiotic therapy.

ABBREVIATIONS

CI: confidence interval

CXR: chest radiograph

ED: emergency department

IQR: interquartile range

NPV: negative predictive
value

FINANCIAL DISCLOSURE: The authors have indicated they have no financial relationships relevant to this article to disclose.

FUNDING: No external funding.

POTENTIAL CONFLICT OF INTEREST: The authors have indicated they have no potential conflicts of interest to disclose.

COMPANION PAPER: A companion to this article can be found online at www.pediatrics.org/cgi/doi/10.1542/peds.2018-2025.

REFERENCES

1. Shah SN, Bachur RG, Simel DL,
Neuman MI. Does this child have
pneumonia?: the rational clinical
examination systematic review. JAMA.
2017;318(5):462—471

2. Neuman MI, Graham D, Bachur
R. Variation in the use of chest
radiography for pneumonia
in pediatric emergency
departments. Pediatr Emerg Care.
2011;27(7):606—-610

3. Neuman MI, Shah SS, Shapiro DJ,
Hersh AL. Emergency department
management of childhood pneumonia
in the United States prior to

publication of national guidelines. Acad

Emerg Med. 2013;20(3):240-246

4. Neuman MI, Hall M, Hersh AL, et al.
Influence of hospital guidelines on
management of children hospitalized
with pneumonia. Pediatrics.
2012;130(5). Available at: www.
pediatrics.org/cgi/content/full/130/5/
€823

5. Johnson J, Kline JA. Intraobserver
and interobserver agreement of
the interpretation of pediatric
chest radiographs. Emerg Radiol.
2010;17(4):285-290

6. Davies HD, Wang EE, Manson D, Babyn
P Shuckett B. Reliability of the chest
radiograph in the diagnosis of lower
respiratory infections in young
children. Pediatr Infect Dis
J. 1996;15(7):600-604

7. Bradley JS, Byington CL, Shah SS, et al;
Pediatric Infectious Diseases Society;
Infectious Diseases Society of America.

The management of community-
acquired pneumonia in infants and
children older than 3 months of
age: clinical practice guidelines by
the Pediatric Infectious Diseases
Society and the Infectious Diseases
Society of America. Clin Infect Dis.
2011;53(7):e25—e76

8. Fishman JA, et al. In: Grippi MA,
Elias JA, Fishman JA, eds. Fishman’s
Pulmonary Diseases and Disorders,
5th ed. New York, NY: McGraw-Hill
Education; 2015:1853—1879

9. Neuman MI, Monuteaux MG, Scully KJ,
Bachur RG. Prediction of pneumonia
in a pediatric emergency department.
Pediatrics. 2011;128(2):246—-253

10. Neuman MI, Scully KJ, Kim D,
Shah S, Bachur RG. Physician
assessment of the likelihood of
pneumonia in a pediatric emergency
department. Pediatr Emerg Care.
2010;26(11):817-822

11. Nelson KA, Morrow C, Wingerter
SL, Bachur RG, Neuman MI. Impact
of chest radiography on antibiotic
treatment for children with suspected
pneumonia. Pediatr Emerg Care.
2016;32(8):514-519

12. Florin TA, Carron H, Huang G,
Shah SS, Ruddy R, Ambroggio L.
Pneumonia in children presenting to
the emergency department with an
asthma exacerbation. JAMA Pediatr.
2016;170(8):803-805

13. Hagaman JT, Rouan GW, Shipley RT,
Panos RJ. Admission chest radiograph
lacks sensitivity in the diagnosis of

community-acquired pneumonia. Am J
Med Sci. 2009;337(4):236—240

14. Maughan BG, Asselin N, Carey JL, Sucov
A, Valente JH. False-negative chest
radiographs in emergency department
diagnosis of pneumonia. R | Med J
(2013). 2014;97(8):20-23

15. Basi SK, Marrie Td, Huang JQ,
Majumdar SR. Patients admitted to
hospital with suspected pneumonia
and normal chest radiographs:
epidemiology, microbiology,
and outcomes. Am J Med.
2004;117(5):305-311

16. Caldwell A, Glauser FL, Smith WR,
Hoshiko M, Morton ME. The effects
of dehydration on the radiologic and
pathologic appearance of experimental
canine segmental pneumonia. Am Rev
Respir Dis. 1975;112(5):651-656

17. Hash RB, Stephens JL, Laurens MB,
Vogel RL. The relationship between
volume status, hydration, and
radiographic findings in the diagnosis
of community-acquired pneumonia.

J Fam Pract. 2000;49(9):833-837

18. Scott JAG, Wonodi G, Moisi JG, et al;
Pneumonia Methods Working Group.
The definition of pneumonia, the
assessment of severity, and clinical
standardization in the Pneumonia
Etiology Research for Child Health
study. Clin Infect Dis. 2012;54 (suppl
2):5109-S116

19. Cherian T, Mulholland EK, Carlin JB,
et al. Standardized interpretation
of paediatric chest radiographs
for the diagnosis of pneumonia in

Downloaded from www.aappublications.org/news by guest on September 3, 2018

LIPSETT et al


www.pediatrics.org/cgi/content/full/130/5/e823
www.pediatrics.org/cgi/content/full/130/5/e823
www.pediatrics.org/cgi/content/full/130/5/e823
http://www.pediatrics.org/cgi/doi/10.1542/peds.2018-2025

epidemiological studies. Bull World Community-acquired pneumonia 21. Test M, Shah SS, Monuteaux M, et al.
Health Organ. 2005;83(5):353-359

requiring hospitalization among Impact of clinical history on chest
20. Jain S, Williams DJ, Arnold SR, U.S. children. N Engl J Med. radiograph interpretation. J Hosp Med.
et al; CDC EPIC Study Team. 2015;372(9):835-845 2013;8(7):359-364

Downloaded from www.aappublications.org/news by guest on September 3, 2018
PEDIATRICS Volume 142, number 3, September 2018



Negative Chest Radiography and Risk of Pneumonia
Susan C. Lipsett, Michael C. Monuteaux, Richard G. Bachur, Nicole Finn and Mark I.
Neuman
Pediatrics 2018;142;
DOI: 10.1542/peds.2018-0236 originally published online August 28, 2018;

Updated Information & including high resolution figures, can be found at:
Services http://pediatrics.aappublications.org/content/142/3/e20180236
References This article cites 20 articles, 2 of which you can access for free at:

http://pediatrics.aappublications.org/content/142/3/e20180236#B1BL

Subspecialty Collections This article, along with others on similar topics, appearsin the
following collection(s):
Emergency Medicine
http://www.aappublications.org/cgi/collection/emergency _medicine
sub
I nfectious Disease
http://www.aappublications.org/cgi/collection/infectious_diseases su
b

Permissions & Licensing Information about reproducing this article in parts (figures, tables) or
initsentirety can be found online at:
http://ww.aappublications.org/site/misc/Permissions.xhtml

Reprints Information about ordering reprints can be found online:
http://www.aappublications.org/site/misc/reprints.xhtml

American Academy of Pediatrics

DEDICATED TO THE HEALTH OF ALL CHILDREN"™

Downloaded from www.aappublications.org/news by guest on September 3, 2018



http://http://pediatrics.aappublications.org/content/142/3/e20180236
http://pediatrics.aappublications.org/content/142/3/e20180236#BIBL
http://www.aappublications.org/cgi/collection/emergency_medicine_sub
http://www.aappublications.org/cgi/collection/emergency_medicine_sub
http://www.aappublications.org/cgi/collection/infectious_diseases_sub
http://www.aappublications.org/cgi/collection/infectious_diseases_sub
http://www.aappublications.org/site/misc/Permissions.xhtml
http://www.aappublications.org/site/misc/reprints.xhtml

PEDIATRICS

OFFICIAL JOURNAL OF THE AMERICAN ACADEMY OF PEDIATRICS

Negative Chest Radiography and Risk of Pneumonia
Susan C. Lipsett, Michael C. Monuteaux, Richard G. Bachur, Nicole Finn and Mark I.
Neuman
Pediatrics 2018;142;
DOI: 10.1542/peds.2018-0236 originally published online August 28, 2018;

The online version of this article, along with updated information and services, is
located on the World Wide Web at:
http://pediatrics.aappublications.org/content/142/3/€20180236

Data Supplement at:
http://pediatrics.aappublications.org/content/suppl/2018/08/27/peds.2018-0236.D CSupplemental

Pediatricsis the official journal of the American Academy of Pediatrics. A monthly publication, it
has been published continuously since 1948. Pediatrics is owned, published, and trademarked by
the American Academy of Pediatrics, 141 Northwest Point Boulevard, EIk Grove Village, Illinois,
60007. Copyright © 2018 by the American Academy of Pediatrics. All rights reserved. Print |SSN:
1073-0397.

American Academy of Pediatrics

DEDICATED TO THE HEALTH OF ALL CHILDREN"™

Downloaded from www.aappublications.org/news by guest on September 3, 2018


http://pediatrics.aappublications.org/content/142/3/e20180236
http://pediatrics.aappublications.org/content/suppl/2018/08/27/peds.2018-0236.DCSupplemental



