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Abstract The objective of this study is to characterize
changes in computed tomography (CT) utilization in the
pediatric emergency department (ED) over a 6-year period.
CT scans ordered on pediatric (ages 0 to 17 years) ED
patients from July 2000 to July 2006 were analyzed in five
groups: head, cervical spine, chest, abdomen, and miscel-
laneous. Pediatric ED patient volume and triage acuity
scores were determined. There were 6,073 CT scans
performed on 4,138 pediatric patients in the ED during
the study period. During this same period, 78,932 pediatric
patients were evaluated in the ED. From 2000 to 2006,
pediatric ED patient volume increased by 2%, while triage
acuity remained stable. During this same period, head CT
increased by 23%, cervical spine CT by 366%, chest CT by
435%, abdominal CT by 49%, and miscellaneous CT by
96%. Increases in CT utilization were most pronounced in
adolescents ages 13 to 17 years. Increases in CT utilization
in this age group met or exceeded increases seen in the
adult population. In children less than 13 years of age,
increases were substantially smaller. Pediatric ED CT
utilization particularly in the adolescent population has
increased at a rate far exceeding the growth in ED patient
volume, mimicking the adult trend. This increase has
occurred despite considerable discussion in the medical
literature about the radiation risks of CT in the pediatric

population and may reflect increased availability of CT,
improvements in CT diagnostic capabilities, and increased
desire on the part of physicians and patients for diagnostic
certainty. Whether this increased utilization results in
improved patient outcomes is uncertain and deserves
further study.
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Introduction

In the adult emergency department (ED), computed
tomography (CT) has become the most important diagnos-
tic imaging modality, with substantial increases in utiliza-
tion in recent years [1]. The pediatric population, however,
is considerably more sensitive to the harmful effects of
radiation than is the adult population, a fact which has been
emphasized in the medical literature and the lay press over
the past 5 years. In a seminal paper in 2001, Brenner et al.
[2] estimated that, with approximately 600,000 abdominal
and head CT examinations performed per year in children
less than 15 years of age, 500 children would ultimately die
from radiation-induced cancer. There has been considerable
discussion focusing on limiting CT dose by appropriate
choice of technical parameters and limiting CT utilization
to an appropriate clinical question [3]. Because of this
attention in the medical literature, we hypothesized that
pediatric CT utilization and its rate of growth would be
lower than that in the adult population. In this study, we
examine that hypothesis and characterize the rate of CT
utilization in the pediatric ED population over the past
6 years.
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Materials and methods

We analyzed the radiology database at a tertiary care
academic medical center with a children’s hospital and a
level 1 trauma center. We identified CT scans performed on
pediatric (age 0 to 17 years) ED patients from July 1, 2000
to June 30, 2006. CT scans were organized by body region
into five groups: “head,” “cervical spine,” “chest,” “abdo-
men,” and “miscellaneous.” Abdominal CT included any
CT of the abdomen as well as any CT of the abdomen and
pelvis. Miscellaneous CT included a variety of relatively
uncommon scans examining the extremities, thoracic or
lumbar spine, soft tissue of the neck, sinuses, or face. CT
data were stratified by age into three groups: infants (0–
2 years), children (3–12 years), and adolescents (13–
17 years). Only CT scans ordered from the ED and
performed on patients in the ED were included.

An ED database was analyzed to determine the total
number of pediatric patient encounters during the same
period. We then compared the rate of growth of CT scan
utilization to growth in pediatric ED patient volume. Triage
acuity scores from the ED database were recorded to assess
potential changes in severity of patients’ disease or injury
during the study period. Triage acuity scores are standard-
ized scores used to evaluate illness or injury severity to
determine the need for immediate evaluation and treatment.
The emergency severity index version 3, used in our center,
is a validated scoring system with excellent inter-rater
reliability and good correlation with patient outcomes
including admission, level of care (e.g., telemetry, intensive
care unit) and mortality [4]. We used triage acuity to assess

potential changes in the ED population during the study
period, which might affect CT utilization.

We also determined the number of patients who had
received multiple CT scans of the chest or abdomen on
different ED visits during the 6-year time period.

The university institutional review board approved this
study.

Results

A total of 6,073 CT scans were ordered from and performed
on 4,138 pediatric patients in the ED during the study
period. During this same period, a total of 78,932 pediatric
patient visits were logged in the ED. Pediatric ED patients
undergoing CT had a median age of 12 and a male/female
ratio of 1.3:1 (57% boys, 43% girls). During the study
period, pediatric ED patient volume increased by 2%.

Numerical data by CT type and year is shown in Fig. 1 with
percentage increase in CT group compared with pediatric ED
volume shown in Fig. 2. Table 1 stratifies the increase by age
group and compares it to previously published adult data that
we have now extended thru June 2006. The percentage of all
pediatric ED evaluations that led to patients undergoing CT
is displayed by CT group in Fig. 3.

A total of 1,077 patients underwent CT of the abdomen,
and 238 patients underwent CT of the chest during one or
more ED visits in the study period. Thirty (3%) of these
patients underwent two abdominal CTs during one or more
ED visits, and four (0.4%) underwent three abdominal CTs
during the study period. One percent of patients undergoing
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chest CT underwent a second ED chest CT during our study
period. No patient underwent more than three ED abdom-
inal CTs or more than two ED chest CTs during the study
period.

The distribution of triage acuity scores remained
relatively stable during the study period consistent with
no major change in severity of patient illness.

Discussion

CT is the single most important contributor to radiation
exposure from diagnostic imaging. In 1999, it was estimated
that CT was responsible for 67% of the total collective dose
from diagnostic imaging [5]. Since that time, the introduc-
tion of multidetector scanning has increased the clinical
indications for CT. In the adult ED population, this had led
to a dramatic rise in CT utilization [1].

The pediatric population is significantly more sensitive
to radiation exposure both because of the increased number
of dividing cells in growing children and because of the
longer lead time children have to develop a cancer [2]. It
has been estimated that, given the same dose of radiation, a

1-year old is 10–15 times more likely to develop a cancer
than a 50 years old [2]. Over the last decade, much
attention has been focused on decreasing radiation dose by
optimizing CT settings (mAs and kVp) [6–8]. Automatic
exposure control systems utilizing angular and longitudinal
tube current modulation have also been introduced to
further limit exposure per exam [7]. Attention has also
been focused on decreasing unnecessary exams [7].
Appropriateness criteria for symptoms sets have been
published by the American College of Radiology, but their
impact in practice is unclear [9]. Clinical decision rules
aimed at reducing unnecessary CT exams have been
proposed for a variety of clinical scenarios, including head
trauma, pulmonary embolism, and appendicitis [10–12].

Little work has been undertaken to evaluate the impact
of the above literature and discussion in the pediatric
population. In particular, to our knowledge, there have been
no prior longitudinal tracking studies looking at CT
utilization in children. In this paper, we undertake such a
study. We looked at a discreet subset of pediatric practice,
those undergoing evaluation in the ED. We chose the ED
because its broad scope would encompass both traumatic
and non-traumatic presentations and because the practice
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Table 1 Percent increase in
CT utilization in the ED 2000–
2006 by patient age

a Previously published data [1]

Type of CT % Increase, patient
age 0–2 years

% Increase, patient
age 3–12 years

% Increase, patient
age 13–17 years

% Increase, patient
age ≥18 yearsa

Head 2 8 62 66
Cervical spine 180 175 731 557
Chest 100 283 675 309
Abdomen −31 41 72 104
Miscellaneous 50 34 217 280
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was relatively stable without confounding major changes in
population, practitioners, or setting at our institution.

We expected CT utilization in the pediatric ED to be
balanced by competing interests. In comparison with the
adult ED population, concerns about radiation exposures in
the pediatric population as discussed above would be
expected to limit utilization, while the inherent difficulty
of obtaining a reliable history and physical exam in infants
and young children might be expected to favor increased
use of CT, as would fear of litigation.

Our study does demonstrate that the overall rate of CT
utilization in children has remained lower than that in adults.
However, our findings also indicate a potentially troubling
increase in CT utilization in the pediatric ED population.
This increase surprisingly has occurred disproportionately in
older children in whom history and physical might be
expected to be useful in evaluation, limiting the need for
CT. Involvement of more adolescents in vehicular blunt
trauma in which CT plays an integral diagnostic role (Centers
for Disease Control and Prevention data) may offer a partial
explanation [13]. It may also be the case that emergency
physicians believe the radiation risk from CT is restricted to
the youngest children, with less concern in adolescents
despite evidence suggesting that the “adult level” for cancer
risk attributable to CT radiation exposures does not occur
until well into the fourth decade [2]. Prior studies have
shown that emergency physicians and pediatricians under-
estimate the radiation exposures and related cancer risks
attributable to CT [14–16]. We also suspect that emergency
physicians may be adopting adult evaluation strategies in
their diagnostic approach to the adolescent population, as
these older children physically resemble the adult patient.

Repetitive CT evaluations in children are rare and less
common than in the adult population [1]. These figures for

the pediatric population are somewhat reassuring but
constitute only a partial picture of total CT utilization as
inpatient and other outpatient settings were not included in
this survey nor did we follow patients who progressed into
the adult population (>17 years of age) during the time
frame of the study.

Although our study data suggest that educational efforts
regarding limiting CT use in the pediatric ED have only
been partially successful, this conclusion must be tempered
by the fact that we have only looked at data in the aggregate
and have not evaluated the impact of CT on individual
patient outcomes. Such a more detailed study would be a
logical next step to ensure that increased CT utilization
results in improved health outcomes.

Patterns of CT use in individual body regions warrant
further discussion. Head CT showed a substantial increase
in the adolescent group but minimal changes in younger
children. This is perhaps surprising in light of the emerging
pediatric literature, such as the 2001 guidelines for head CT
after minor head trauma in young children, which recom-
mended liberal use of CT in all but the lowest risk children
[17]. The stability of head CT use in young children is also
surprising given the difficulty in assessing the neurological
exam of very young children. Increasing utilization in
adolescents may reflect the high rate of blunt vehicular
trauma and potential substance abuse complicating the
neurological exam of adolescents [13].

Cervical spine CT showed a 435% increase from 2000 to
2006. This increase occurred predominately in adolescents,
ages 13 to 17 years. We suspect that the rate of injuries
detected by these additional scans was low, as the rate of
pediatric cervical spine fracture is low, approximately 1%
(NeXus data) [18]. Unnecessary cervical CT may be
responsible for an increased risk of thyroid cancer, so the
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substantial increase in CT use observed in our study
warrants careful monitoring [19].

Chest CT utilization increased from 0.1 to 0.7% of all
pediatric ED visits. Virtually all of this increase was due to
evaluation of trauma in adolescent patients between the
ages of 13 and 17 years. Salim et al. [20] have
recommended ubiquitous utilization of chest CT for the
evaluation of adult trauma patients, although their study has
been criticized for methodological flaws. Others have
remarked on the low rate of clinically significant findings
in chest CT of the pediatric trauma population and
suggested that chest CT should not be the primary thoracic
imaging modality for pediatric trauma, as nearly 200 exams
would be needed to be performed to identify a single
clinically significant finding [21]. The incidence of thoracic
aortic trauma in the pediatric population, perhaps the single
most important potential finding on chest CT for trauma, is
extremely low, less than 1% [22].

Abdominal CT showed a 49% increase from 2000 to
2006. Unlike chest CT, where the predominant increase was
in the adolescent trauma population, abdominal CT showed
an increase with both trauma and non-trauma indications.
Prior investigators have reported a high utilization of
abdominal CT for blunt pediatric trauma, exceeding 50%
in one series, but only 2% of those undergoing abdominal
CT required surgical management [23]. Observation with-
out CT may be a reasonable approach in the stable, low-risk
young trauma patient.

Although the utilization of various forms of CT in the
pediatric population appears relatively low, between 0.7 and
4.2%, this may underestimate the actual intensity of utiliza-
tion, which should be considered in the context of the
maximum theoretical utilization given the percentage of
patients actually presenting with a “CTable” complaint. For
example, if only 10% of pediatric patients present with a
complaint possibly indicating a head CT (e.g., head trauma,
headache, fever, seizure, altered mental status) and approxi-
mately 4% of all pediatric ED patients undergo head CT,
nearly 40% of the maximum possible number of head CTs are
being performed. The increase in utilization toward this
theoretical limit may represent an erosion of clinical assess-
ment skills and judgment handed down from one generation
of physician to the next, whichmay be a hard-won skill set not
easily regained if lost from the medical community.

In our center, we have attempted to limit radiation
exposures in children, although the measures taken may be
overwhelmed by the increases in CT utilization we observed.
We routinely use automatic tube current modulation (Sie-
mans Care Dose) set at a reference mAs of 30 for children
less than 12 years of age and 45 for those over 12 years. The
scan parameters are recorded on a data page that is included
with the study. Cases not following protocol are reviewed
periodically with the chief CT technologist. Physicians are

encouraged to request ultrasound studies rather than CT
scans for children with nontraumatic abdominal pain.

Limitations

Several caveats should be considered when reading this
paper. First, our study represents utilization trends from a
single tertiary care center and may not reflect patterns of
use in other geographic regions or community hospitals.

Second, we did not investigate the diagnostic yield of
CTs in our population. It may be that many of the CTs
were strongly clinically indicated and provided clinically
meaningful diagnostic information which changed patient
management.

Third, our population also represents several different
groups of patients: pediatric patients evaluated by pedia-
tricians (some with fellowships in emergency medicine)
during daylight hours (approximately 10 A.M. until 11 P.M.);
a mixed group of pediatric patients evaluated by emergency
physicians during nighttime hours (approximately 11 P.M.

until 10 A.M.); and severely injured or ill patients triaged by
protocol to the adult ED regardless of time of presentation.
It may be that the specialty of the physicians evaluating
patients was a major determinant of CT utilization.

Fourth, percentage increases over baseline utilization
may be misleading given the small starting numbers.
Nonetheless, the large increases in our study deserve
continued observation in the future.

Conclusions

Pediatric ED CT utilization has increased at a concerning
rate, mimicking that seen in the adult population. Increases
were most pronounced in the adolescent population, while
remaining less substantial in patients under 13 years of age.
Whether this increase with its inherent risks represents an
improvement in health care is uncertain. Further investiga-
tion and close tracking of CT utilization appear warranted.
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