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Abstract
Objectives: Studies have documented increased advanced radiography use in U.S. emergency
departments (EDs) for injured patients over the past decade. The authors explored trends in recent years
(2007 through 2010) in advanced radiography use, specifically head computed tomography (CT) and
nonhead CT scans.

Methods: This was a retrospective analysis of ED visits conducted using data from the National Hospital
Ambulatory Medical Care Survey (NHAMCS), a representative sample of the U.S. ED visits from 2007
through 2010. All patients designated by the NHAMCS as “related to injury” were included in analyses.
CT use was examined by head and nonhead use. Trends, predictors of utilization, and diagnostic yield
for head and nonhead CT scans in injured ED patients were analyzed using survey-weighted logistic
regression. Diagnostic yield was defined as the proportion of injury-related visits where patients imaged
with CT received International Classification of Diseases, 9th Revision (ICD-9), code diagnoses of a severe
head or nonhead injury.

Results: Among injured ED patients, head CT use increased from 9.6% in 2007 to 11.6%, a relative
increase of 20.8% (p < 0.001), and nonhead CT from 5.5% to 7.3%, a relative increase of 47.3%
(p < 0.001). Diagnostic yield for head CT was unchanged (4.9% in 2007 vs. 3.4% in 2010, p = 0.093), but
fell for nonhead CT from 6.4% in 2007 to 3.3% in 2010 (p = 0.04.

Conclusions: Advanced radiography use has continued to increase since 2007 in injured patients, and
diagnostic yield for nonhead CT has continued to fall. Head CT is more common than CTs of other body
areas and may represent an opportunity for reduction given validated clinical decision rules.
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Of the 129 million visits to U.S. hospital-based
emergency departments (EDs) in 2010, 37.9 mil-
lion (29.2%) were related to injury.1 In 2010,

there were nearly 181,000 injury-related deaths in the
United States, making injury the third leading cause of
death overall and the leading cause in young people.2 In
2011, it was estimated that the average cost of a single
severely injured patient is more than $75,000 and that

the total cost of adult trauma care is approximately $27
billion.3 The economic burden of trauma care goes
beyond hospital costs: a 2006 study estimated the total
costs for lost productivity to be almost $326 billion per
year.4 From 2002 to 2010, mortality rates in the United
States for injury improved by 27% in one study, which
has been attributed to a fall in the severity of injuries
related to motor vehicle crashes.5
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One of the primary ways to diagnose trauma injury in
the ED is through radiography in the form of plain
x-ray, ultrasound, computed tomography (CT), and
magnetic resonance imaging. These modalities—partic-
ularly advanced radiography (CT)—are highly sensitive
in diagnosing specific injuries.6,7 However, these modal-
ities also have the potential to harm if overused, particu-
larly CT, which can cause allergic reactions due to
contrast agents, radiation-induced cancer, and to a les-
ser degree, contrast-induced nephropathy.8,9 Further-
more, greater use of advanced imaging has been
associated with prolonged ED length of stay, which
itself can be hazardous to injured patients and created
higher costs of care.10

Over the past decade in ED care for both injured and
noninjured patients, there has been a dramatic expan-
sion in the use of advanced radiography, particularly
CT scanning. CT use increased by sixfold from 1995 to
2007 across U.S. EDs.11 A 2010 study in the Journal of
the American Medical Association found that CT use
increased from 6% to 15% from 1998 to 2007 in patients
with acute traumatic injury using national data from the
Centers of Disease Control and Prevention (CDC).10 No
studies to our knowledge have explored in detail the
national growth trends in advanced imaging in injured
patients after 2007. Our objective was to continue the
analysis with more recent data.

METHODS

Study Design
This was a retrospective cohort study using data from
the National Hospital Ambulatory Medical Care Survey
(NHAMCS), from 2007 through 2010. NHAMCS data
are collected annually by the National Center for Health
Statistics (NCHS) at the CDC. NHAMCS is a deidenti-
fied, publicly available data source, and as such, this
study was determined to be exempt from institutional
board review at the George Washington University

Study Setting and Population
NHAMCS uses a multistage probabilistic sample of hos-
pital-based ED visits in the United States to generate
national-level estimates of ED utilization. Specific data
collected in NHAMCS include patient demographics,
payment source, diagnoses, services provided, and
patient disposition. NHAMCS also includes hospital-level
information about each visit, including the geographic
region, metropolitan status, and hospital funding source.
NHAMCS data are abstracted from patient records by
hospital staff and submitted to NCHS.

Study Protocol
Some analyses included in this study examined these
years separately, while others group all 4 years
together. We restricted analyses to patients for whom
an injury was indicated using the question “Is this visit
related to an injury?,” a variable available in NHAMCS.
Data were tabulated for several categories, including
age (<18, 18 to 34, 35 to 64, and >65 years), sex, race
(white and nonwhite, using the imputed race variable
available in NHAMCS), payment source, hospital
region, metropolitan status, hospital type, hospital

teaching status, the provider’s level of training, and the
patient’s disposition. Based on these categories, we tab-
ulated the survey-weighted proportions of visits for
injury in each category that received CT.

Prior to 2007, CT data did not differentiate by body
region. Starting in 2007, CTs were differentiated by
head, nonhead, and unknown region. In this study, CTs
of unknown region were grouped with nonhead CTs.

The International Classification of Diseases, 9th Revi-
sion (ICD-9), code ranges for both “CT-positive” head
and nonhead injuries were listed with by group
(Table 1). We tabulated the proportion of injury-related
visits in which patients receiving CT received one of
these severe injury diagnoses to calculate diagnostic
yield.

Data Analysis
Survey-weighted chi-square tests were conducted to
assess for differences across categories in the propor-
tion receiving CT. Survey-weighted logistic regression

Table 1
The ICD-9 Codes of “CT-positive” Diagnosis for Head and
Nonhead Injuries

ICD-9 Codes
“CT-positive” Diagnoses for Head and

Nonhead Injuries

Severe head injury
800.xx Fracture of vault of skull
801.xx Fracture of base of skull
802.xx Fracture of face bones
803.xx Other and unqualified skull fractures
804.xx Multiple fractures involving skull or face with

other bones
851.xx Cerebral laceration and contusion
852.xx Subarachnoid subdural and extradural

hemorrhage following injury
853.xx Other and unspecified intracranial

hemorrhage following injury
854.xx Intracranial injury of other and unspecified

nature
900.xx Injury to blood vessels of head and neck
925.xx Crushing injury of face scalp and neck
950.xx Injury to optic nerve and pathways
951.xx Injury to other cranial nerve(s)

Severe nonhead injury
805.xx Fracture of vertebral column without mention

of spinal cord injury
806.xx Fracture of vertebral column with spinal

cord injury
808.xx Fracture of pelvis
860.xx Traumatic pneumothorax and hemothorax
861.xx Injury to heart and lung
862.xx Injury to other and unspecified intrathoracic

organs
863.xx Injury to gastrointestinal tract
864.xx Injury to liver
865.xx Injury to spleen
866.xx Injury to kidney
867.xx Injury to pelvic organs
868.xx Injury to other intraabdominal organs
869.xx Internal injury to unspecified or ill-defined

organs
901.xx Injury to blood vessels of thorax
902.xx Injury to blood vessels of abdomen and pelvis
926.xx Crushing injury of trunk

ICD-9 = International Classification of Diseases, 9th Revision.
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was used to assess for trends across the study period,
with year serving as the independent variable. To deter-
mine predictors of receiving head and nonhead CT sep-
arately, combining years 2007 through 2010, we

conducted survey-weighted logistic regression analyses.
Using these data, we report adjusted probabilities of
receiving a CT (overall, head, and nonhead) in each year
from 2007 through 2010 (Figure 1). We tabulated the

Figure 1. Adjusted probability of imaging in injured patients.

Figure 2. Changes in CT use and diagnostic yield for injured patients in U.S. EDs from 2007 through 2010. CT = computed tomog-
raphy.
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percentage of visits where a head CT or nonhead CT
were documented and report a yearly diagnostic yield
for head CT and nonhead CT. Per NCHS guidelines,
analyses were conducted and reported only where cell
sizes met or exceeded 30 visits per cell. A p-value < 0.05
was considered significant. All analyses were performed
using Stata, version 12.

RESULTS

For the years 2007 through 2010, NHAMCS included a
total of 139,502 visits, which represented an estimated
506,478,992 visits nationally over that time period. Of
these, 47,874 visits were injury-related, representing
171,530,345 national-level visits. Injury-related ED visits
grew about 12.6% over the study period, with an esti-
mated 39,382,612 visits in 2007 and 44,345,774 in 2010.
Overall, between 2007 and 2010, 14.8% of injured
patients received any CT, with 10.5% receiving head CT
and 6.5% receiving nonhead CT. Of all CTs classified as
nonhead, 9.8% (95% confidence interval [CI] = 6.3% to
14.9%) were CTs of unknown region. Of patients receiv-
ing CT between 2007 and 2010, 50.9% (95% CI = 48.9%
to 52.9%), received only head CT, 23.6% (95%
CI = 22.3% to 25.0%) received only nonhead CT, and
20.0% (95% CI = 18.5% to 21.7%) received both head
and nonhead CT. There was significant growth in the
adjusted probability of receiving both head CT and non-
head CT in injured patients between 2007 and 2010
(Figure 2).

Head CT Utilization
Head CT utilization increased from 9.6% in 2007 to
11.6% in 2010, a relative increase of 20.8% (p < 0.001;
Figure 2). The greatest growth was observed in patients
aged 35 to 64 years (8.1% to 11.4%; p < 0.001), patients
with private insurance (8.9% to 12.2%; p < 0.001),
patients seen at government hospitals (6.4% to 11.0%;
p < 0.001), and patients seen at teaching hospitals (8.6%
to 14.3%; p = 0.012; Table 2). The diagnostic yield of
head CTs between 2007 and 2010 was unchanged, with
the proportion of patients receiving head CT who were
subsequently diagnosed with severe head injury 4.9% in
2007 and 3.4% in 2010 (p = 0.093).

Several factors were associated with higher odds of
receiving head CT, including increasing age, being seen
at an urban hospital, being seen by a resident or intern,
hospital admission, and admission to an intensive care
unit (ICU). Factors associated with lower odds of receiv-
ing head CT included female sex, having Medicaid or
private insurance, and being seen at a government hos-
pital (see Table 3 for adjusted odds ratios).

Nonhead CT Utilization
Between 2007 and 2010, the use of nonhead CT
increased from 5.5% of injured patients to 8.1%, a rela-
tive increase of 47.3% (p < 0.001; Figure 2). The greatest
growth in nonhead CT was among patients aged
65 years or older (9.4% to 16.7%; p < 0.001), patients in
the northeastern United States (4.7% to 9.1%;
p = 0.003), and patients seen at teaching hospitals (6.0%
to 10.4%; p = 0.011; Table 4). The proportion of visits
where there was a diagnosis of a severe nonhead injury

following nonhead CT declined from 6.4% in 2007 to
3.3% in 2010 (p = 0.04).

There were several factors associated with increased
odds of receiving nonhead CT, including being seen at
an urban hospital, being seen by a resident or intern,
hospital admission, and admission to an intensive care
unit ICU. Factors associated with lower odds of receiv-
ing CT nonhead included female sex, Medicaid as the
primary source of payment, and being seen at a govern-
ment hospital (Table 3).

DISCUSSION

In this study, we report a greater than 20% relative
increase (from 9.6% to 11.6%) in head CT and greater
than 47% (from 5.5% to 8.1%) in nonhead CT scan use
for injury visits to the ED from 2007 through 2010
across U.S. hospitals. Several previous studies have
documented greater use of CT in the past decade across
U.S. EDs for a variety of conditions, including injury
and noninjury conditions.12–15 These increases have not
been accompanied by increases in the prevalence of dis-
ease, indicating that the diagnostic yield for these high
cost studies has been declining over time. Diagnostic
yield fell by nearly half over the study period for non-
head CT, although it was unchanged for head CT. The
most recent study that reported data on increases in CT

Table 2
Changes in Head CT Utilization Rates Among Injured Patients in
the U.S. EDs in 2007 and 2010

Characteristics
Rate in
2007

Rate in
2010

Relative %
Change p-value

Patient
Age (yr)
<18 5.9 7.6 28.8 0.091
18–34 8.2 9.0 9.8 0.538
35–64 8.1 11.4 40.7 0.001
65+ 23.1 25.1 8.7 0.288

Sex
Male 9.4 11.4 21.3 0.004
Female 9.9 11.8 19.2 0.03

Race
White 9.9 11.8 19.2 0.004
Nonwhite 8.7 10.8 24.1 0.026

Source of payment
Private insurance 8.9 12.2 37.1 0.001
Medicaid 8.4 8.9 6.0 0.776
Medicare 19.2 21.6 12.5 0.209
Self-pay 10.4 11.0 5.8 0.559

Hospital
U.S. region
Northeast 8.7 11.1 27.6 0.165
Midwest 11.4 11.3 -0.9 0.758
South 9.2 12.2 32.6 0.002
West 9.2 11.2 21.7 0.217

Location
Urban 10.0 12.3 23.0 0.001
Nonurban 7.7 8.4 9.1 0.432

Type
Nonprofit 10.2 12.1 18.6 0.006
Government 6.4 11.0 71.9 0.001
For-profit 9.4 8.7 -7.4 0.985
Teaching 8.6 14.3 66.3 0.012
Nonteaching 9.8 11.0 12.2 0.028

Overall 9.6 11.6 20.8 0.001
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use for patients with injury included the years 1998 to
2007.10 Over this period, CT use increased by threefold,
from 6% to 15%. Our study demonstrates that this
trend toward higher imaging rates has continued to
increase. In addition, we used more detailed data that
became available after 2007 that divides type of CT into
head versus nonhead scans, which increased by 21%
and 47%, respectively, from 2007 to 2010. Other studies
reporting data on noninjury CT utilization in the ED
after 2007 using the same data set have noted that
increases in CT utilization after 2007 started to level off
and even decrease, particular for indications such as
noninjury chest pain.16

Several factors are possible explanations for the
increased reliance on CT scans, including the easy
access to CT in the ED (and in many hospitals its close
proximity to the ED17) and the greater sensitivity of CT
to detect injury than other modalities such as plain radi-
ography and ultrasound.18,19 It is possible that physi-

cian- and training-related factors may contribute,
including possibly less reliance on physical examina-
tions or greater fear of malpractice litigation in the case
of missed diagnosis.20 In addition, as patients have
come to expect CT scans as part of their ED evaluations,
they may directly request these examinations from phy-
sicians.21

The use of head CT grew less than that of nonhead
CT; however, certain groups of patients experienced
greater relative increases, including the <18- and 35- to
64-year groups, patients with private insurance, patients
seen in the Northeast and Southern United States, and
patients seen in government and teaching hospitals. For
age, the 65 years and older group had the highest CT
rate overall, with more than a quarter receiving head
CT scans by 2010, and it is possible that this group may
have already been topped out and the younger groups
are starting to catch up. The growth of head CT in
younger patients, particularly pediatric patients, is of

Table 3
Predictors in Head CT and Nonhead CT in the U.S. EDs (2007–2010)

Characteristics

Head CT Nonhead CT

% aOR 95% CI % aOR 95% CI

Patient
Age (yr)
<18 7.1 Ref Ref 2.8 Ref Ref
18–34 9.1 1.22 1.07–1.40 6.5 2.27 1.91–2.73
35–64 9.4 1.19 1.05–1.37 7.3 2.36 1.99–2.86
65+ 22.7 2.67 2.28–3.12 11.2 2.82 2.22–3.60

Sex
Male 10.7 Ref Ref 6.6 Ref Ref
Female 10.3 0.87 0.80–0.95 6.4 0.91 0.83–1.00

Race
White 10.8 Ref Ref 6.6 Ref Ref
Nonwhite 9.6 0.93 0.83–1.03 6.0 0.94 0.82–1.07

Source of payment
Private insurance 10.2 0.87 0.79–0.97 6.5 0.96 0.86–1.08
Medicaid 8.8 0.85 0.75–0.94 4.9 0.80 0.67–0.93
Medicare 19.6 1.12 0.99–1.27 10.5 1.12 0.94–1.31
Self-pay 10.7 Ref Ref 6.8 Ref Ref

Hospital
Geographic region
Northeast 10.4 Ref Ref 6.5 Ref Ref
Midwest 11.3 1.14 1.00–1.29 6.9 1.11 0.90–1.35
South 10.4 1.10 0.94–1.31 6.1 1.00 0.82–1.25
West 9.9 0.94 0.81–1.08 6.7 0.99 0.80–1.19

Location
Urban 11.0 1.37 1.17–1.66 6.9 1.39 1.16–1.76

Nonurban 8.3 Ref Ref 4.7 Ref Ref
Type
Nonprofit 10.8 0.93 0.76–1.17 6.5 0.82 0.64–1.01

Government 9.0 0.80 0.62–0.97 6.1 0.78 0.55–0.99
For-profit 10.6 Ref Ref 7.0 Ref Ref

Teaching status
Teaching 11.7 1.11 0.75–1.03 7.6 1.16 0.72–1.06
Nonteaching 10.3 Ref Ref 6.3 Ref Ref

Provider level of training
Attending 10.4 Ref Ref 6.4 Ref Ref
Midlevel 8.6 0.85 0.74–0.97 4.9 0.76 0.65–0.90
Resident/intern 15.1 1.56 1.31–1.85 10.3 1.67 1.37–2.02

Disposition
Treated and discharged 9.0 Ref Ref 5.5 Ref Ref
Admitted (non-ICU) 25.2 2.42 2.09–2.63 17.2 2.91 2.38–3.26
ICU 41.5 5.25 4.08–6.29 23.2 4.05 2.93–5.08

Overall 10.5 6.5

aOR = adjusted odds ratio; ICU = intensive care unit; Ref = reference category.
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concern due to the higher risk of radiation-related
malignancy.22 In addition, for both the pediatric and the
adult population younger than 65 years, validated clini-
cal decision rules exist to help differentiate patients who
require head CT scans.23 Increases in the Northeast and
South were the greatest; however, by 2010, the rate
across U.S. regions had narrowed, indicating perhaps a
convergence in standards of care, as the Midwest had
the highest use at the beginning of the study period. A
similar effect may explain the convergence of CT rates
in government versus nongovernment hospitals. Rea-
sons for these convergences in practice standards are
not clear and deserve further study. Head CT increased
dramatically more in teaching hospitals, with a fivefold
higher relative increase over nonteaching hospitals,
with patients at teaching hospitals being 30% more
likely to receive CT scans than in nonteaching hospitals.
While more critically ill patients are seen in teaching
hospitals than nonteaching hospitals, which may explain
some of this effect, it is also likely that residents rely
more heavily on imaging than attending physicians.24,25

For nonhead CT, the largest increase was among the
older adult population (65 + years), followed by the 35-
to 64-year age group. Higher use in the older popula-
tions, which was also accompanied by a large increase
in patients with Medicare insurance, may be explained
by the lower relative rate of nonhead CT scanning in

2007 compared to head CT. In addition, over the past
decade there has been a change in practice with lower
use of cervical spine plain radiography in favor of CT
scan because of the higher sensitivity of CT for detect-
ing neck fractures.6 Higher use in the older populations
may reflect higher cervical spine imaging in a popula-
tion at higher risk of fracture because of osteoporosis.26

Other findings in the nonhead CT population are similar
to the head CT increases and may reflect a convergence
of standards of care for several variables such as race,
geographic region, and hospital type. For example, non-
white patients experienced a larger increase, but the CT
rates in white versus nonwhite in 2010 were very simi-
lar. There was a similar finding for teaching hospitals as
with head CT.

LIMITATIONS

First, NHAMCS data are based on a probabilistic sam-
pling of some EDs across the United States, and there-
fore these numbers are estimates; however, NHAMCS
is explicitly designed through its sampling methodology
to make national estimates. Estimates become less pre-
cise when there are a small number of observations. In
this study, injured patients represented a high propor-
tion of the overall ED visits; however, in some of the
subcategories, the number of actual observations was
low. In addition, due to the limited clinical information
in the NHAMCS data report forms, we were unable to
adjust for disease severity, the nature of the injury, and
patient outcomes especially after admission, so some of
these results may be confounded by unmeasured fac-
tors. However, our numbers represent aggregate rates
across the United States by year, and to our knowledge
there are no data to suggest that injury severity
increased across U.S. hospitals from 2007 through 2010.
In addition, we were unable to assess the CT indication,
or in the case of nonhead CT, which body area was
scanned. This limits our ability to make conclusions
about specific types of CT beyond head CT. We also
included CT “unknown” as nonhead CT, which may
have systematically overcounted nonhead CT and un-
dercounted head CT. In addition, we report the data
separately as head CT and nonhead CT. Some of the
same patients (approximately 20%) received both tests.
It is important for readers not to view the rates of head
CT and nonhead CT as additive; rather, the goal was to
assess the growth in the use of each modality. Finally,
our estimates of diagnostic yield were based on specific
diagnoses that were identified in the ED. It is possible
that diagnoses could have been identified later after ED
admission, which may have caused us to underestimate
diagnostic yield. In addition, while NCHS staff are
trained to abstract data for specific diagnoses included
in the numerator, we were not directly able to verify
these diagnoses based on reviewing radiology reports
ourselves.

CONCLUSIONS

From 2007 through 2010, computed tomography scan
use has continued to increase for injured patients in
U.S. hospitals. Higher computed tomography rates were

Table 4
Changes in Nonhead CT Utilization Rates Among Injured
Patients in the U.S. EDs in 2007 and 2010

Characteristics
Rate in
2007

Rate in
2010

Relative %
Change p-value

Patient
Age (yr)
<18 2.3 3.2 39.1 0.321
18–34 5.9 7.2 22.0 0.001
35–64 6.0 9.2 53.3 0.001
65+ 9.4 16.7 77.7 0.001

Sex
Male 5.7 8.1 42.1 0.001
Female 5.4 8.2 51.9 0.001

Race
White 5.9 8.3 40.7 0.001
Nonwhite 4.6 7.7 67.4 0.002

Source of payment
Private insurance 5.8 8.4 44.8 0.002
Medicaid 4.1 6.4 56.1 0.006
Medicare 9.1 14.7 61.5 0.001
Self-pay 6.0 6.7 11.7 0.195

Hospital
U.S. region
Northeast 4.7 9.1 93.6 0.003
Midwest 7.4 7.1 -4.1 0.838
South 4.9 7.9 61.2 0.001
West 5.6 8.7 55.4 0.048

Location
Urban 5.7 8.7 52.6 0.001
Nonurban 4.5 5.6 24.4 0.453

Type
Nonprofit 5.7 7.9 38.6 0.002
Government 5.0 8.7 74.0 0.001

For-profit 5.4 9.2 70.4 0.008
Teaching 6.0 10.4 73.3 0.011
Nonteaching 5.5 7.7 40.0 0.001

Overall 5.5 8.1 47.3 0.001
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accompanied by a fall in diagnostic yield for nonhead
computed tomography over the same period. Further
studies are needed to assess how variation in radiogra-
phy use contributes to costs, quality, and outcomes for
patients as provisions of the Affordable Care Act of
2010 are implemented.
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