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Introduction: Increased use of computed tomography (CT) during injury-related Emergency Department (ED)
visits has been reported, despite increased awareness of CT radiation exposure risks. We investigated national
trends in the use of chest CT during injury-related ED visits between 2012 and 2015.
Methods: Analyzing injury-related ED visits from the 2012–2015 United States (U.S.) National Hospital Ambula-
toryMedical Care Survey (NHAMCS),we determined the percentage of visits that had a chest CT and the diagnos-
tic yield of these chest CTs for clinically-significant findings. We used survey-weighted multivariable logistic
regression to determine which patient and visit characteristics were associated with chest CT use.
Results: Injury-related visits accounted for 30% of the 135 million yearly ED visits represented in NHAMCS. Of
these visits, 817,480 (2%) received a chest CT over the study period. The diagnostic yield was 3.88%. Chest CT uti-
lization did not change significantly froma rate of 1.73% in 2012 to a rate of 2.31% in 2015 (p=0.14).Multivariate
logistic regression demonstrated increased odds of chest CT for patients seen by residents versus by attendings
(adjusted odds ratio [AOR] 2.08, 95% confidence interval [CI] 1.41–3.08). Patients aged 18–59 and 60+ had
higher AORs (5.75, CI 3.44–9.61 and 9.81, CI 5.90–16.33, respectively) than those b18 years of receiving chest CT.
Conclusions: Overall chest CT utilization showed an increased trend from 2012 to 2015, but the results were not
statistically significant.

© 2018 Elsevier Inc. All rights reserved.
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1. Introduction

Injuries and trauma are among themost common reasons for visits to
United States (U.S.) emergency departments (EDs). The use of computed
tomography (CT) during visits to EDs has climbed steadily over the past
15 years. Although CT is exquisitely sensitive for detecting injury, most
patients undergoing CT imaging have no clinically significant injury, lead-
ing to very low yields of current trauma CT protocols [1-3]. Increased CT
use is associated with a number of problems, including greater exposure
to ionizing radiation and increased healthcare costs [1,4].

Chest CT is one of the most commonly utilized CT modalities in the
evaluation of patients presenting with traumatic injuries [2,5]. With
the primary goal of guiding clinicians towards a paradigm of selective,
rather than universal imaging, a number of clinical decision rules have
been developed [5,6]. The NEXUS Chest CT decision instruments were
uite 3B, Boston, MA 02114, USA.
prospectively derived and validated in cohorts consisting of over
12,500 adult patients and subsequently published in October 2013 [5].
While it will likely be years before the impact of these decision instru-
ments is fully realized, currently, there is no baseline rate of chest CT
use in trauma with which to compare this potential impact.

Up until 2012, national database information recorded CT use infor-
mation only by general torso region without specific delineation of
chest, abdomen and pelvis CT [1,4,7]. Examining this old data, Hussein
et al. found that non-head CT use for injury-related visits significantly
increased from 5.5% in 2007 to 7.3% in 2010, a relative increase of
47.3% [7]. Beginning in 2012, non-head CTs were differentiated by
chest, abdomen/pelvis, and other/unknown, providing an opportunity
to measure the utilization of specific imaging types. With this newer
specific data, we sought to determine the baseline use of chest CT in
injury-related visits nationally and to characterize trends in chest CT
utilization over time. This information will help describe themagnitude
of the issue of chest CT use in trauma, and gauge the potential impact of
the NEXUS Chest CT decision instruments on this chest CT use.
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2. Methods

2.1. Study design, setting and population

We used data collected from the National Hospital Ambulatory
Medical Care Survey (NHMACS) for the time-period between 2012
and 2015. NHAMCS is an annual, national probability sample of ambula-
tory visits to hospital-based EDs in the U.S. [8]. NHAMCS uses a four-
stage probability sampling design, collecting a nationally representative
sample of ED visits [8]. At each sampled hospital, trained hospital staff
members monitored by the U.S. Census Bureau's agents complete a
patient record form of each sampled visit abstracted from patient
records during a randomly assigned 4-week reporting period. The
study met criteria for exemption by our Institutional Review Board.
2.2. Study protocol

We restricted our analysis to visits thatwere related to an injury due
to trauma, a variable that became available in NHAMCS starting in 2012.
NHAMCS defined an injury-related visit based on the reason for visit,
diagnosis, and cause of trauma.We abstracted several patient character-
istics from NHAMCS including patient age (b18, 18–59, and N59 years),
sex, race, insurance status, region, and provider type. Insured was
defined as having private health insurance coverage, Medicare,
Medicaid, or worker's compensation. Uninsured was defined as self-
pay, no charge, charity, other, or unknown. Provider type was catego-
rized as having been seen by an attending physician, resident physician
(defined as intern or resident), or an advanced practice provider (phy-
sician assistant or nurse practitioner).
Table 1
Relationship between patient and visit characteristics and chest computed tomography
use during injury-related Emergency Department (ED) visits.

Unweighted
ED visits

Weighted ED visits
(thousands)

Adjusted odds
ratio (95% CI)

Age
b18 years 7072 9591 Reference
18–59 18,934 25,187 5.75 (3.44–9.61)
N59 4152 5462 9.81

(5.89–16.33)
Sex
2.2.1. Objective measures
We investigated national trends in the use of chest CT during

injury-related visits to the ED during a 4-year period (2012–2015)
with utilization rate as the primary objective. As secondary objectives,
we determined diagnostic yield, defined as the proportion of injury-
related visits in which patients receiving a chest CT had a significant
chest injury diagnosis, and whether patient or visit characteristics
were independently associated with chest CT use.

We defined “significant chest injury” diagnoses according to the In-
ternational Classification of Diseases, 9th Revision (ICD-9) codes includ-
ing: Closed fracture of three or more ribs (807.03–807.09), open
fracture of rib(s) (807.10–807.19), open fracture of the sternum
(807.3), fracture of flail chest (807.4), traumatic pneumothorax and he-
mothorax (860.xx), injury to heart and lung (861.xx), injury to other
and unspecified intrathoracic organs (862.xx), injury to blood vessels
of thorax (901.xx), and crushing injury of trunk (926.xx).
Male 15,881 20,775 Reference
Female 14,277 19,467 0.93 (0.69–1.24)

Race
Non-Hispanic
White

18,900 25,245 Reference

Non-Hispanic Black 5726 7722 0.91 (0.63–1.31)
Other 5532 7274 1.02 (0.72–1.44)
Insurance

Uninsured 7759 10,459 Reference
Insured 22,399 29,782 1.18 (0.85–1.65)

Provider
Attending 20,302 27,433 Reference
Resident/intern 2619 2990 2.08 (1.41–3.08)
PA/NP 6479 8842 1.06 (0.71–1.59)

Region
Northeast 6403 7402 Reference
Midwest 7365 9526 0.74 (0.44–1.27)
South 9986 14,244 1.06 (0.62–1.80)
West 6404 9069 1.43 (0.82–2.51)

Total 30,158 40,242

PA = physician assistant; NP = nurse practitioner.
2.3. Data analysis

We calculated unweighted raw number of ED visits along with
weighted national representative size and proportions. We assessed
the yearly trends of chest CT utilization for injury-related visits. We
used survey-weighted chi-square tests to assess for differences in the
proportion of visits receiving chest CT across categories, and performed
a survey-weighted multivariable logistic regression to assess whether
patient or visit characteristics, such as age, were independently associ-
ated with chest CT use for injury-related visits.

We conducted all analyses using SAS 9.4 (Cary, NC) and incorpo-
rated NHAMCS complex survey design features including cluster, strata,
and probability weights to produce nationally representative estimates.
As recommended, we only provided estimates and analyzed data in
which the cell sizes were equal to or exceeded 30 samples per cell [9].
A p-value b 0.05 was considered statistically significant.
3. Results

3.1. Study cohort

From 2012 to 2015, the NHAMCS included an unweighted total of
99,135 ED visits, representing a weighted sample of 135 million yearly
ED visits. Of these, 40,242,437 yearly visits were injury-related. Overall,
in the years 2012 to 2015, 817,480 (2%) of injury-related patient visits
included at least one chest CT. Patient and visit characteristics are re-
ported in Table 1.

3.2. Chest CT utilization and yield

Chest CT utilization for injury-related ED visits showed an increased
trend during the study period (2012: 1.73%, confidence interval [CI]
1.17–2.30, 2015: 2.31%, CI 1.73–2.91, p = 0.14), but the results were
not statistically significant (Fig. 1).

The diagnostic yield of chest CT for a significant chest injury diagno-
sis over the 4-year period was 3.88%. Because the number of significant
chest injuries in each year had cell sizes b30 samples, we did not calcu-
late yields for individual years.

3.3. Characteristics associated with chest CT

Several factors were significantly associated with an increased ad-
justed odds ratio (AOR) of a patient receiving a chest CT, including in-
creasing age. Patients 18–59 years of age and 60 years and older had a
higher AOR of receiving chest CT than patients b18 years of age (AOR
5.75, CI 3.44–9.61 and AOR 9.81, CI 5.90–16.33, respectively) of receiv-
ing a chest CT. In addition, patients seen by residents also had a higher
odds ratio than patients seen primarily by an attending of receiving a
chest CT (AOR 2.08, CI 1.41–3.08).

4. Discussion

In this analysis of national survey data, we delineated baseline chest
CT use for the years 2012 to 2015, finding that 817,480 (2%) of injury-



Fig. 1. Yearly computed tomography (CT) utilization for injury-related visits to Emergency Departments from 2012 through 2015 with 95% confidence intervals.
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related visits included chest CT. We also found that there was no statis-
tically significant increase in chest CT utilization for injury-related ED
visits from 2012 compared to 2015, which was different than the in-
creased rate of non-head CT use described in previous years [1,7].

The fact that we examined all injury-related visits and not just
trauma activations explains the relatively low rate of chest CT use.
Chest CT use may be plateauing due to several factors. Clinicians may
be more aware of the costs and risks of CT imaging, especially the con-
cerns related to radiation exposure. Clinicians may be incorporating a
decision rule, such as theNEXUS Chest, to reduce unnecessary chest im-
aging in patients who suffered trauma [5]. In addition, even in severe
trauma, there is research interest in determining which patients
would benefit from selective CT scanning rather than whole body CT
scanning in order to reduce radiation exposure [10,11].

The diagnostic yield of chest CT was 3.88% during the study period.
Prior studies had shown increased utilization in advanced imaging
with little to no change in diagnostic yield for certain disease processes
[1,4,7]. However, our study shows that chest CTutilization has remained
steady. The chest CT diagnostic yieldwas similar to another studywhich
found a diagnostic yield for non-head CTs of 3.3–6.4% [7]. These rela-
tively low diagnostic yields are in contrast to the higher yields (28.8%)
of injury found in the NEXUS Chest study [5]. These differences likely
arise from the different definitions of injury in the two studies, and
spectrum bias in that the NEXUS Chest study cohort was primarily
trauma activations – a more injured population. We were unable to
compare trends in diagnostic yield of chest CTs from year to year due
to small unweighted cell sizes for each year. However, this is the first
analysis of nationally representative data which specifically looked at
the diagnostic yield for chest CT among injury-related ED visits.

While insurance, race, and sex did not significantly effect chest CT
utilization, patients seen by residents were more likely to receive a
chest CT than patients seen primarily by an attending physician. While
residents are supervised by attendings, residentsmay ordermore initial
tests such as imaging than would attending physicians [12]. Other stud-
ies have also found that residentswere associatedwith increased CT im-
aging utilization [1,7]. One potential explanation for this finding is that
residents are primarily located in teaching hospitals.

Older patients had a higher AOR of receiving a chest CT than younger
patients. This could be due to a lower threshold for ordering imaging by
clinicians as older patients have limited cardiovascular reserve and
more comorbidities, placing them at higher risk for complications asso-
ciated with trauma [13]. Cancer risk due to radiation exposure is also of
lessor concern for older patients. Finally, many decision rules use an age
cutoff criteria [5,14,15]. TheNEXUSChest noted that a patient older than
60 years cannot be designated by the decision instrument as having
very low risk for intrathoracic injury.

4.1. Limitations

Our analysis is subject to the limitations intrinsic to data derived
from the NHAMCS database, which provides visit-level data without
the specific clinical characteristics necessary to adjust for severity of ill-
ness. As a result, wewere unable to estimate only those trauma cases in-
volving the chest. Although chest CT usemay have been underreported,
the rigor of the NHAMCS sampling framework makes this unlikely. In
addition, it is unclear how many of these traumatic diagnoses could
have been diagnosed by chest x-ray alone. It is also possible that clini-
cally significant injuries discovered later during the hospital course
and not recorded may have caused us to underestimate the diagnostic
yield of chest CT. Despite these limitations, NHAMCS provides the best
available data source to analyze practice variations and trends at a na-
tional level.

5. Conclusions

We have established a baseline use of chest CT in injury-related
visits in the NHAMCS database of 2.0%. In contrast to statistically signif-
icant increases in general utilization of CT imaging during the time-
period of 2007–2010 [1,7], chest CT use among injury-related ED visits
has not significantly increased between 2012 and 2015. The diagnostic
yield of chest CT for finding clinically significant injury was 3.88%.
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