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To evaluate the 15-year trend in the use of computed to-
mography (CT) in hospitalized pediatric trauma patients
admitted to Harborview Medical Center (HMC) from
1996 to 2010.

This Health Insurance Portability and Accountability Act—
compliant retrospective study was approved by the in-
stitutional review board. The requirement for informed
consent was waived. The HMC trauma registry was linked
to the billing department data, and patient and injury-
related characteristics were extracted, in addition to type
and frequency of CT procedures. Patients discharged from
the emergency department and patients hospitalized for
less than 24 hours were not included in this study. Pa-
tients were classified into three categories according to
age: 0-14 years, 15-18 years, and 19-54 years (reference
group). Multivariate negative binomial regression was
used to compare CT usage among different age groups by
adjusting for patient sex, race and/or ethnicity, insurance
status, mechanism of injury, injury severity, final disposi-
tion (dead vs alive), and year of admission. The trend for
CT use in children and teenagers was also evaluated.

A total of 64425 trauma patients 0-54 years of age were
admitted during the study period. Compared with CT us-
age in adults 19-54 years old, usage in children up to 15
years of age was significantly lower for spine (incidence
rate ratio [IRR], 0.89; 95% confidence interval [CI]: 0.85,
0.92), maxillofacial (IRR, 0.89; 95% CI: 0.81, 0.97), and
thoracic (IRR, 0.91; 95% CI: 0.84, 0.99) CT. Increased
use of head CT was observed in children up to 15 years
old (IRR, 1.09; 95% CI: 1.05, 1.13) and 15-18 years old
(IRR, 1.08; 95% CI: 1.04, 1.13). From 2008 to 2010, us-
age rates in children up to 15 years old and 15-18 years
old was relatively unchanged or slightly decreased for al-
most all CT types.

A decreasing or unchanged trend was observed in CT
usage in hospitalized pediatric trauma patients in recent

years.
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omputed tomography (CT) is the

imaging modality of choice for the

management of major trauma,
mainly because of the short scan time,
high quality of images, and availability
and relative affordability of this imaging
modality (1-7).

Precise anatomic detail and rela-
tive ease of acquisition come at a cost.
First, advanced imaging technology has
been an important driver for the esca-
lating cost of health care (8,9). Second,
CT wuses ionizing radiation that could
potentially be harmful in the long term,
especially for children (3,7,10-13).

Driven by the health risks posed by
the increasing use of CT, several groups
recommended guidelines to curb the
overuse of CT in the pediatric popula-
tion (14-17). Others have implemented

Advances in Knowledge

B [n children 0-14 years old, the
adjusted usage rate for head CT
increased slightly from 2000 to
2004 and decreased gradually to
reach its lowest point in 2010
(incidence rate ratio [IRR] to
compare rates in 2010 and 2000,
0.84; 95% confidence interval
[CI]: 0.67, 1.06).

m Pelvic CT had its peak usage rate
in 2005 (IRR to compare with
2000 rate, 4.30; 95% CI: 3.21,
5.75) and decreased gradually
until 2010 (IRR to compare 2010
rate with that of 2000, 2.82;
95% CI: 2.03, 3.92); abdominal
CT had relatively the same pat-
tern as pelvic CT.

B [n children 15-18 years old, the
adjusted usage rate for head CT
for the years 2001-2010 was not
significantly different from the
usage rate in 2000 (P > .05).

B The adjusted IRR for spine CT
was significantly lower in 1996 (P
< .001) and 1997 (P = .001) than
that in 2000.

B The use of abdominal, pelvic, and
thoracic CT increased gradually
between 1996 and 2004 and
decreased gradually afterward.

successful measures for reducing the
dose delivered to patients who undergo
CT (18,19). Despite these efforts, mul-
tiple studies suggest that the use of
CT in the pediatric population has in-
creased in recent years (2,4,5,7,20).

Limited information is available re-
garding the recent trends in CT use in
the pediatric population among hospi-
talized patients (2,4,7,20). Even fewer
studies have gone beyond basic trend
analysis and have involved the evalua-
tion of patient-related characteristics
that could potentially influence re-
source usage. Injuries are one of the
leading causes of mortality and morbid-
ity among children in the United States
(21). As a result, evaluation of the cur-
rent trend in the use of CT for hospi-
talized pediatric trauma patients is of
special importance from both potential
health risk and financial perspectives.

Harborview Medical Center (HMC)
is the only level I pediatric and adult
trauma center in the northwest of the
United States, with more than 5,000
trauma admissions per year. The pur-
pose of this study was to evaluate the
15-year trend in the use of CT in hos-
pitalized pediatric trauma patients ad-
mitted to HMC from 1996 to 2010. We
hypothesized that there was an overall
declining trend in the use of CT for
pediatric trauma patients admitted to
HMC in recent years. In addition, we
hypothesized that the declining trend
in usage rates was more significant for
children than adults after adjustment
for other covariates, such as injury se-
verity, that could potentially influence
the usage rate.

Materials and Methods

This Health Insurance Portability and
Accountability ~Act-compliant retro-
spective study was approved by the

Implication for Patient Care

B A stable or declining trend in the
use of CT in more recent years
has not been associated with a
higher mortality rate among hos-
pitalized pediatric trauma
patients in our trauma center.

local institutional review board. The
requirement for informed consent was
waived. We linked HMC’s trauma reg-
istry to the HMC billing department
data (1996-2010). The trauma registry
included detailed information regard-
ing patient demographics, mechanism
and severity of injury, hospital care,
and outcome at the time of discharge.
The billing department data included
detailed information regarding all re-
sources that were used for each patient
during hospitalization, including type
and frequency of each imaging modal-
ity used. From the trauma registry, we
extracted the following information: pa-
tient age and sex, race and/or ethnicity,
insurance status, mechanism of injury,
injury severity score, length of hospital-
ization, admission to the intensive care
unit, final disposition (dead vs alive),
and year of admission.

We focused on CT usage in the fol-
lowing body regions as the main out-
comes of interest: head, spine, abdo-
men, pelvis, thorax, and maxillofacial
region.

We plotted the mean number of
body region-specific CT examinations
per patient during hospitalization
against the year of admission for the
age groups 0-14 years, 15-18 years,
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and 19-54 years to describe the crude
CT usage rates over the study period.
Some prior multicenter study findings
had suggested that resource usage and
patient outcome for trauma patients
55 years and older were different from
those for the younger patients (22). As
a result, we deferred discussion about
CT use for trauma patients 55 years
and older to a separate analysis.

Statistical Analysis

The number of CT examinations per-
formed for each trauma patient did not
follow a normal or curved distribution.
In other words, a substantial propor-
tion of patients did not undergo any
CT or underwent just one CT examina-
tion, while a minority underwent mul-
tiple CT examinations. This skewness
in the distribution of CT examinations
required the use of a special technique
for multivariate analysis (23). Negative
binomial regression is one of the most
commonly used approaches for dealing
with skewed data (23). We used neg-
ative binomial regression to evaluate
the association between age group and
CT usage in different body regions. All
analyses were adjusted for the following
covariates, which were a priori identi-
fied as potential confounding variables:
year of admission, patient sex, race
and/or ethnicity (white, black, Asian,
other), insurance status (no insurance,
Medicaid, Medicare, other), mech-
anism of injury (traffic related, fall,
other), injury severity score (continu-
ous), length of hospitalization (contin-
uous), admission to the intensive care
unit (yes or no), and final disposition
(dead vs alive). We considered adults
19-54 years of age as the baseline for
comparisons. The results are reported
as incidence rate ratios (IRRs) with
corresponding 95% Cls.

To evaluate the 15-year (1996-2010)
trend in the use of CT within each age
group, we performed multiple negative
binomial regression analyses (one for
each CT examination per body region),
adjusted for the same covariates. For
these trend analyses, we compared the
annual usage of CT for each body re-
gion with the usage rate in 2000 (base-
line for comparisons). All analyses were

Demographic and Injury-related Characteristics for Trauma Patients at HMC from

1996 to 2010
Patients Aged Patients Aged Patients Aged
Characteristic 0-14 Years (n=9047) 15-18 Years (n=5574)  19-54 Years (n = 49804)
Mean age (y) 6 17 35
No. of male patients 5932 (66) 3975 (71) 37852 (76)
Ethnicity
White 5588 (62) 3777 (68) 33636 (68)
Other 2295 (25) 1206 (22) 10856 (22)
Insurance status
No insurance* 888 (10) 550 (10) 6288 (13)
Medicaid 1906 (21) 1026 (18) 12003 (24)
Medicare 621 (7) 325 (6) 4235 (8)
Other 4260 (47) 2764 (50) 20253 (41)
Mechanism of injury
Traffic related? 2843 (31) 2861 (51) 19602 (39)
Fall 1957 (22) 482 (9) 8570 (17)
Other 4247 (47) 2231 (40) 21632 (43)
Injury severity score
0-8 4691 (52) 2078 (37) 19807 (40)
9-15 2109 (23) 1474 (26) 14126 (28)
16+ 2096 (23) 1833 (33 14173 (28)
Mean length of 4 (1-149)* 6 (1-134) 7 (1-354) *
hospitalization (d)
No. of patients admitted to 3072 (34) 1837 (33) 13832 (27)
intensive care unit
No. of patients who died 142 (1.6) 176 (3.2) 1554 (3.1)

Note.—Data are numbers of patients, with percentages in parentheses except when indicated otherwise. Percentages may not

add up to 100% because of missing data.
* Includes cases of no insurance, self-pay, and charity.

T Includes motor vehicle collisions, as well as motorcycle, bicycle, and pedestrian injuries.

* Data are number of days, with range in parentheses.

conducted by using statistical software
(Stata, version 11.0; StataCorp, College
Station, Tex). The level of significance
was determined with a two-sided P
value of less than .035.

A total of 81245 trauma patients were
hospitalized at HMC during the study
period. Of these, 64425 (79%) were
younger than 55 years and were in-
cluded in our analyses. Most were aged
19-54 years (77%), with patients 0-14
years of age and 15-18 years of age ac-
counting for 14% and 9% of the popu-
lation, respectively. The distributions of
demographic and injury-related charac-
teristics of the patients are summarized

in Table 1. With increasing age, an
increase in the proportion of male pa-
tients, white patients, and uninsured
individuals was observed. Length of
stay and death rate tended to increase
with age. The percentage of patients
0-14 years of age with an injury se-
verity score from 0 to 8 was substan-
tially higher (52%) than that in patients
15-18 years of age (37%). Further, the
proportion of patients with the highest
injury severity scores was lower in the
younger patients (23%) than in adoles-
cents (33%) and older patients (28%).
There were no substantial changes in
the distributions of demographic or in-
jury characteristics for any of the age
groups during the course of the study
period.
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Figure 1:  Line graphs show the mean number of CT examinations conducted per patient per year for each age category at HMC from 1996 to 2010 by body region
imaged, including A, head; B, spine; C, abdomen; D, pelvis; £, thorax; and F, maxillofacial region.

Table 2

Results of Negative Binomial Analyses for CT Use in Different Body Regions

Body Region of Patients Aged Patients Aged Patients Aged

CT Examination 19-54 Years* 0-14 Years 1518 Years
Head Reference 1.09 (1.05, 1.13) 1.08 (1.04,1.13)
Abdomen Reference 1.03 (0.98, 1.08) 1.00 (0.95, 1.06)
Spine Reference 0.89 (0.85, 0.92) 1.01 (0.97, 1.06)
Maxillofacial region Reference 0.89 (0.81,0.97) 0.91(0.83,1.01)
Thorax Reference 0.91 (0.84, 0.99) 0.98 (0.90, 1.08)
Pelvis Reference 1.02 (0.97,1.07) 1.02 (0.97,1.08)

Note.—Data are adjusted IRRs, with 95% Cls in parentheses. Each line represents a separate negative binomial regression.
Analyses were adjusted for patient sex, race and/or ethnicity, insurance status, mechanism of injury, injury severity score, final

disposition (dead vs alive), and year of admission.

* Data in the 19-54-year-old category served as the basis for reference.

Figure 1 depicts the mean number
of CT examinations per body region
per patient during the study period.
The use of head and maxillofacial CT
either decreased slightly or remained
relatively constant. Spine, abdominal,
pelvic, and thoracic CT use increased
over the study period for all age groups.

Table 2 summarizes the results of
multiple negative binomial analyses.
Overall, usage rates in children 14 years
and younger were significantly lower
for spine, maxillofacial, and thoracic
CT compared with those in adults 19-
54 years of age. Head CT was slightly
more common in children 14 years and
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Figure 2:  Point graphs show the results of negative binomial analyses conducted to evaluate the trend in CT use over the study period
(2000 is the baseline for comparison) for CT examinations performed in each body region in children 0—14 years old. Analyses were adjusted
for patient sex, race and/or ethnicity, insurance status, mechanism of injury, injury severity score, final disposition (dead vs alive), and year of
admission. Body regions imaged included A, head; B, spine; C, abdomen; D, pelvis; £, thorax; and £, maxillofacial region.

younger than in patients 19-54 years
old (IRR, 1.09; 95% CI: 1.03, 1.13) af-
ter adjustment for other covariates.
Usage rates in patients aged 15-
18 years were similar for abdominal,
spine, maxillofacial, thoracic, and pelvic
CT examinations compared with those
in adults 19-54 years of age. As in the
group of children up to 15 years old,
head CT was slightly more common in

patients 15-18 years old than in those
19-54 years old (IRR, 1.08; 95% CI:
1.04, 1.13).

The change in IRR for the CT ex-
aminations performed most commonly
in children 0-14 years old during the
study period, considering data for the
year 2000 as the baseline for compar-
ison, is summarized in Figure 2. In
children 0-14 years of age, the usage

rate for head CT increased slightly from
2000 to 2004 and decreased gradually,
reaching its lowest point in 2010 (IRR
in 2010, 0.84; 95% CIL: 0.67, 1.06).
Pelvic CT had its peak usage rate in
2005 (IRR, 4.30; 95% CI: 3.21, 3.75)
and decreased gradually until 2010, al-
though the usage rate in 2010 was still
higher than that in 2000 (IRR, 2.82;
95% CI: 2.03, 3.92). Abdominal CT
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Figure 3:  Point graphs show the results of negative binomial analyses conducted to evaluate the trend in CT use over the study period (2000
is the baseline for comparison) for CT examinations performed in each body region in children 15—18 years of age. Analyses were adjusted
for patient sex, race and/or ethnicity, insurance status, mechanism of injury, injury severity score, final disposition (dead vs alive), and year of
admission. Body regions imaged included A, head; B, spine; C, abdomen; D, pelvis; £, thorax; and £, maxillofacial.

had relatively the same pattern as that
of pelvic CT. The rate of spine and tho-
racic CT use was higher between 2004
and 2010, compared with that in 2000,
but remained relatively unchanged dur-
ing the past 5 years. The high IRR and
wide Cls for thoracic CT use are most
likely due to the small sample number
of CT examinations in this age group.
Figure 3 demonstrates that for
children 15-18 years of age, the use

Incidence Rate Ratio

of head and maxillofacial CT did not
change materially during the study pe-
riod. Spine CT use was slightly less in
more recent years when compared with
that in 2000, although the difference in
usage rate between 2010 and 2000 was
not significant (P = .468). Pelvic and
abdominal CT use increased gradually
to reach a peak in 2004-2005 and has
remained relatively unchanged since
then. The use of thoracic CT reached

its peak in 2005 (IRR, 6.8; 95% CI: 3.1,
10.7). While the change in usage has
not been significant since 2006, as com-
pared with 2000, thoracic CT use was
significantly higher in 2010 (IRR, 4.8;
95% CI: 1.9, 7.8).

We found that even though there was
a slight increasing trend in the use of
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abdominal, pelvic, and thoracic CT in
children 18 years and younger between
1996 and 2004-2005, the usage pat-
tern has been relatively unchanged or
declining between 2005 and 2010. In
addition, the use of head CT remained
relatively unchanged during the study
period. These findings are in contrast
to those of most recent studies, which
have demonstrated escalating trends in
the use of CT in different healthcare
settings.

The results of our previous analyses
in at Parkland Hospital, a level I trauma
center in Dallas, Texas, demonstrated
that between 1996 and 2006, CT usage
in teenagers treated in an adult level |
trauma center had the same escalating
pattern for most body regions as that
in adults (7). In the present study, we
have added to our prior study by focus-
ing on the trend over a similar time pe-
riod, including data from more recent
years (2006-2010) in the complete pe-
diatric population treated at our level I
adult and pediatric trauma center.

Townsend et al (24) conducted a
nationwide survey of pediatric hospi-
tals. They reported a steady decline in
CT use at these hospitals from 2003 to
2007; however, the underlying cause of
ordering CT was not addressed. Using
National Hospital Ambulatory Medical
Care Survey data, Korley et al (25)
demonstrated a significantly increasing
trend in the use of CT and magnetic
resonance (MR) imaging in children
aged 3-18 years admitted to emergency
departments for injuries from 1998 to
2007. More important, they focused
only on the trend in the odds of re-
ceiving a procedure (not frequency of
use) in their analyses and did not ad-
just their estimates for patient and in-
jury characteristics that could affect CT
usage. By using the same data, Kocher
and colleagues (26) reported a 330%
increase in the use of CT in emergency
department visits from 1998 to 2007.
Such an increase was not observed in
our study.

Broder and colleagues (4) reviewed
emergency department data from a
children’s hospital and reported a sig-
nificant increase in the use of head
(23%), chest (435%), and abdominal

CT (49%) between 2000 and 2006 for
children up to 18 years of age. In con-
trast to our findings that this age group
was not significantly associated with
CT use, Broder et al (4) found a more
rapid increase in CT usage for children
13-17 years of age, when compared
with other age groups.

Blackwell et al (2) used National
Hospital Ambulatory Care Survey data
(1995-2003) to evaluate the national
trend in the use of CT for trauma pa-
tients. The authors concluded that
overall CT use had increased signif-
icantly for all age groups, especially
for patients 10-18 years old. However,
those investigators did not differenti-
ate between specific types of CT pro-
cedures. Second, the authors focused
only on the use versus lack of use of CT,
and the frequency of CT use was not
taken into consideration. Third, no ad-
justment for injury- and patient-related
characteristics was performed.

Mannix and colleagues (27) recently
compared the use of cervical spine CT
between adult and pediatric trauma
centers and reported a higher usage
rate in the former. The utility and im-
portance of CT in trauma patients can-
not be understated (2,28,29). However,
optimal use of these resources is the
ultimate goal of all ongoing campaigns,
guidelines, and protocols. Imaging
technology often influences outcomes
through a change in the physician’s
decision-making process. As a result,
evaluation of the direct influence of CT
or MR imaging on a patient’s outcome
is challenging. Conducting multicenter
studies that allow the comparison of
resource usage and patient outcome
among different settings could be a use-
ful initial approach for evaluation of the
association between usage rate and pa-
tient outcome.

Although differences in practice
could partially explain some of the ob-
served differences in CT use between
our study and others in the published
literature, the following major differ-
ences in research methodology should
not be overlooked. First, in spite of
most previous studies that have ad-
dressed CT use regardless of the rea-
son for hospital admission or visit to

the emergency department, we focused
only on trauma patients who were hos-
pitalized. Second, the target population
in our study constituted more seriously
injured patients admitted at a level I
trauma center.

Our study has some limitations.
First, we focused on patients admitted
to one level I trauma center. This re-
stricts the generalizability of our find-
ings, because patients treated and re-
leased from the emergency department
were not included in our study. Second,
available information did not allow us
to evaluate the appropriateness of the
imaging performed.

In conclusion, most recent studies
have demonstrated an escalating trend
in the use of CT for the pediatric popu-
lation. However, we found a slightly in-
creasing trend in CT use from 1996 to
2004-2005 and a relatively unchanged
or slightly declining trend in the use of
CT in different body regions since 2005.
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