Increased Emergency Department Computed
Tomography Use for Common Chest Symptoms
Without Clear Patient Benefits
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Objective: The aim of this study was to examine changes in the utilization of computed tomography
(CT) in the evaluation of common chest symptoms and the rate of clinically significant diagnoses in
emergency departments after 2004.
Methods: This study analyzed the National Hospital Ambulatory Medical Care Survey, comparing
1997 to 1999 and 2005 to 2007. Set in US emergency departments, individuals older than 14 years old
were eligible. The main outcome was proportion of common chest symptom-related visits (n ⴝ 17,098)
associated with a CT order before 2000 and after 2004. Secondary outcomes were the proportion of
these visits associated with a clinically significant diagnosis (pulmonary embolism, acute myocardial
infarction, acute coronary syndrome, heart failure, pneumonia, and pleural effusion); an incidental diagnosis such as lung mass; and a clinically nonsignificant diagnosis such as nonspecific chest pain.
Results: The proportion of common chest symptom-related visits associated with a CT order increased from 2.1% in 1997 to 1999 to 11.5% in 2005 to 2007 (P < .001), whereas the overall proportion of these visits associated with a clinically significant diagnosis decreased from 23.6% in 1997 to
1999 to 19.1% in 2005 to 2007 (P < .001).The rate of acute myocardial infarction diagnosis decreased
from 6.6% to 3.3% (P < .001), whereas the rate of pulmonary embolism diagnosis did not change
(0.33% vs. 0.47%; P ⴝ .24) from 1997 to 1999 to 2005 to 2007. The rate of incidental diagnoses did
not change (0.13% vs. 0.17%; P ⴝ .69), whereas the rate of clinically nonsignificant diagnoses increased
from 35.6% to 45.8% (P < .001) from 1997 to 1999 to 2005 to 2007.
Conclusions: CT ordering in emergency departments for the evaluation of common chest symptoms
has increased dramatically without improving the rate of pulmonary embolism or other clinically significant diagnoses. Overuse of CT exposes patients to radiation and increases health care costs without any
apparent diagnostic benefit. (J Am Board Fam Med 2012;25:33– 41.)
Keywords: Computed Tomography, Emergency Treatment, Radiation

Computed tomography (CT), although a useful
diagnostic tool, is not without potential risks when
overly utilized. Several studies suggest that, overall,
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the number of CT scans ordered since the early
1990s has increased greater than 3-fold, likely, in
part, because of its widespread availability as well as
the rapidity with which an evaluation can be completed.1,2
With 10 million of the more than 110 million
patients seeking care in emergency Departments in
the United States annually who present with complaints of dyspnea, chest pain, or both,3 physicians
are challenged with the daunting task of evaluating
patients with symptoms most concerning for acute
coronary syndrome, acute aortic syndrome, or pulmonary embolism (PE). Most patients presenting
with these symptoms do not have a life-threatening
condition; however, they often require additional
testing to evaluate for these concerning conditions.
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ORIGINAL RESEARCH

Methods
Study Design and Administration
Data for this study was compiled from the 1997 to
1999 and 2005 to 2007 NHAMCS. The survey is
administered by the National Center for Health
Statistics (NCHS) for the Centers for Disease Control and Prevention. It is designed to meet the need
for objective, reliable information about ambulatory medical care services in hospital outpatient and
emergency departments in the United States.
The NHAMCS measures utilization and provision of ambulatory care services at US hospitals. Using a 4-stage probability sample design,
NHAMCS collects a nationally representative
sample of all visits to hospital outpatient depart-
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ments and emergency departments based in general and short-stay hospitals, excluding federal
hospitals. Only data from emergency departments
was used in this study. NHAMCS data are collected
by hospital staff members and monitored by ﬁeld
representatives. Visit information is collected during a randomly assigned 4-week reporting period.
The basic sampling unit used throughout the survey is patient visit. The sample of hospitals is randomly divided into subsets of equal size, and each
subset is granted a 4-week period in a cycle such
that each subset is not measured at the same time
each year and that each subset is not measured in a
given year. The NCHS institutional review board
approved the protocol for the NHAMCS, including a waiver of the requirement for informed consent. More detailed description of the NHAMCS
methodology is available from the NCHS.12
Study Sample: Episodes of Care Associated with a
Common Chest Symptom
Up to 3 “complaints, symptoms, or other reason(s)
for visit” are abstracted as free text and then coded
centrally using a standard reason for visit classiﬁcation (RVC) system.12 Visits with symptoms of
chest pain (RCV code 1050), shortness of breath
(RCV code 1415), and labored breathing (RCV
code 1420) were identiﬁed and coded as a CC
symptom–related visit.
Covariates
Patient age of 15 years and older (collapsed to
15– 44 years, 45– 64 years, ⱖ65 years); sex; race
(categories collapsed to white, black, and other);
and insurance status (categories collapsed to private, Medicare, Medicaid, or self pay/other) are
recorded for each visit. Geographic region is recorded as well.
Comparative Time Periods
Visits associated with a CT order were available
from 1997 to 1999 and 2005 to 2007. From 2000 to
2004, CT ordering was combined with magnetic
resonance imaging (MRI) ordering and not available as an individual variable. The data were stratiﬁed into two 3-year periods: 1997 to 1999 and
2005 to 2007. To assess for increasing CT utilization within the 2005 to 2007 study period, six
6-month time periods were created for a trend
analysis: January-June and July-December for each
of the 2 years.
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Concern for acute aortic syndrome or PE often
leads to CT ordering. Interestingly enough, of patients who present to emergency departments with
complaints of chest pain, PE and aortic dissection
were diagnosed only 0.4% and 0.3% of the time,
respectively.4
One study looking at trends at an academic medical center suggested that the increased use of chest
CT scans has enabled earlier recognition of PE5;
however, controversy exists over whether all identiﬁed patients had clinically signiﬁcant lesions requiring anticoagulation. A more recent study
showed that 24% of patients who had a CT ordered
to evaluate for PE had a clinically signiﬁcant incidental ﬁnding diagnosis and 33% had ﬁndings that
supported an alternative diagnosis.6 However, an
accompanying editorial concluded that the data
also could be interpreted as demonstrating that
CTs have been adopted too quickly, without adequate consideration of the beneﬁts and risks.7
The risks of radiation and contrast exposure are
important considerations in CT scan utilization.8,9
Patients are particularly at risk for contrast-induced
nephropathy and cancer of the breast, thyroid, and
lung.10 Given these factors, as well as additional
costs to patients and the health care system,11 it is
important to document the extent of increased CT
utilization for common chest symptoms and its
effect on diagnostic patterns.
We analyzed the National Hospital Ambulatory
Medical Care Survey (NHAMCS) to determine
changes in utilization of CT for common chest
symptoms as well as changes in the rates of associated diagnoses after 2004.

4. Other diagnostic image (other than CT, radiograph, ultrasound, or MRI): Visits were included that were coded with a positive response
to the survey item “other diagnostic imaging”
(1997–1999) or “other imaging” (2005–2007).
Ventilation-perfusion scans are included, but
not differentiated, in this category.

Secondary Outcomes: Common Chest Diagnoses
Up to 3 diagnoses are recorded for each visit as free
text and then coded by survey staff using the International Classiﬁcation of Diseases, Clinical Modiﬁcation, Ninth Revision (ICD-9-CM).13 Clinically signiﬁcant CC diagnoses included acute myocardial
infarct (ICD-9-CM code 410.0), acute coronary syndrome (ICD-9-CM code 411.0), pulmonary embolism and infarction (ICD-9-CM code 415.1), heart
failure (ICD-9-CM code 428.0), pneumonia, organism unspeciﬁed (ICD-9-CM code 486), and unspeciﬁed pleural effusion (ICD-9-CM code 511.9). The
sample of visits associated with diagnoses of aortic
dissection, cardiomegaly, pericarditis, emphysema, or
hiatal hernia was not adequate for evaluation.
Incidental ﬁndings included diagnoses of intrathoracic lymph nodes (ICD-9-CM code 196.1), swelling,
mass, or lump in chest (ICD-9-CM code 786.6), abdominal mass (ICD-9-CM code 789.3), and coin
lesion lung (ICD-9-CM code 793.1). Clinically nonspeciﬁc diagnoses included general symptoms (ICD9-CM code 780) and respiratory system/other chest
symptoms (ICD-9-CM code 786).

Data Analysis
The weights, strata, and primary sampling unit
design variables provided by NCHS were used for
all analyses. The proportion of CC symptom–related visits associated with a CT order, a clinically
signiﬁcant diagnosis, a clinically nonsigniﬁcant diagnosis, and with another diagnostic imaging order
were evaluated with the 2 test. Linear regression
was used to test for time trends, with calendar year
included as a linear predictor. A multivariate logistic regression model was developed to predict associations with a CT order in CC symptom–related
visits. All analyses used the svy command provided
in Stata version 11 (StataCorp, College Station,
Texas). All P values are 2-tailed; P ⬍ .05 was considered statistically signiﬁcant.

Proportion of Common Chest Symptom–Related
Visits Associated With Another Diagnostic Imaging
Order
Under the survey question, Were any diagnostic/
screening services ordered or provided at this visit?:
1. Radiograph: Visits were included that were
coded with a positive response to the survey
item “chest radiograph, extremity radiograph,
or other radiograph” (1997–1999); or “radiograph” (2005–2007).
2. Ultrasound: Visits were included that were coded
with a positive response to the survey item “ultrasound” (1997–1999) and (2005–2007).
3. MRI: Visits were included that were coded
with a positive response to the survey item
“MRI” (1997–1999 and 2005–2006) or “any
MRI” (2007).

doi: 10.3122/jabfm.2012.01.110039

Results
During the 6 survey years (1997–1999 and 2005–
2007), NHAMCS collected data on 136,751 emergency department visits for individuals older than
14 years of age: 53,145 in 1997 to 1999 and 83,606
in 2005 to 2007. A CC symptom–related RVC code
was recorded for 17,098 of these visits. Using survey weights and averaging over our study period,
we estimated that 11 million (95% CI, 10 –12 million) CC symptom–related visits were made annually to US emergency departments, representing
13.0% (95% CI, 12.7%–13.4%) of all emergency
department visits within the age criteria. The proportion of CC symptom–related visits was similar
in 1997 to 1999 and 2005 to 2007 (12.9% vs 13.3%;
P ⫽ .22).
Whites made 76% of all CC symptom–related
visits; blacks, 21%; and Asians/others, 3% (Table 1).
Patients making CC symptom–related visits in
1997 to 1999 were more likely to be older than 65
years old and have private or Medicare insurance
compared with those patients making visits in 2005
to 2007. Other differences in visit and patient characteristics were not large.
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Primary Outcome: Proportion of Common Chest
Symptom-Related Visits Associated With a CT Order
Visits were included that were coded with a positive
response to the survey item computed axial tomography scan (1997 to 1999) or CT scan (2005 to
2006) or any CT scan (2007) under the question,
Were any diagnostic/screening services ordered or
provided during this visit?

Characteristic
Sex
Female
Male
Age (years)
15–44
45–64
⬎65
Race
White
Black
Other
Insurance
Private
Medicare
Medicaid
Self-pay/other
Geographic region
Northeast
Midwest
South
West

Overall Proportion
of Visits (%)

Proportion of Visits,
1997 to 1999 (n ⫽ 6,851) (%)

Proportion of Visits,
2005 to 2007 (n ⫽ 10,247) (%)

55
45

54
46

56
44

.17

38
30
32

37
28
35

39
33
29

⬍.01

76
21
3

78
20
2

74
23
3

.04

35
31
17
17

36
34
13
17

33
29
20
17

⬍.01

20
24
38
18

21
26
35
18

19
22
41
18

.65

P

*Common chest symptoms are chest pain, shortness of breath, or labored breathing.

These sample records represented a total of
4829,656 CC symptom–related visits associated
with a CT order, of which 654,518 (95% CI,
527,568 –781,467) occurred in 1997 to 1999 and
4,175,138 (95% CI, 3543,498 – 4,806,778) occurred
in 2005 to 2007.
CT Utilization
The proportion of CC symptom–related visits associated with a CT order was signiﬁcantly higher in
2005 to 2007 for each individual CC symptom as
well as for all symptoms combined, which increased
from 2.1% in 1997 to 1999 to 11.5% in 2005 to
2007 (P ⬍ .001) (Figure 1). Furthermore, the rate
of CT ordering almost doubled from 8.6% in the
ﬁrst 6 months of 2005 to 15.8% in the last 6
months of 2007 (Figure 2).
CC Symptom–Related Diagnoses
When adjusted for the demographic variables in
Table 1, CC symptom–related visits from 1997 to
1999 were more likely to be associated with a clinically signiﬁcant diagnosis (23.6% vs 19.1%; P ⬍
.001) when compared with visits in 2005 to 2007
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(Figure 3). Acute myocardial infarction was the
largest contributing diagnosis to the rate discrepancy between time periods. In addition, among the
17,098 visits associated with CC symptoms, a total
of 82 encounter records, or 0.41% (95% CI,
0.30%– 0.52%), showed an association with a PE
diagnosis. The proportion of CC symptom–related
visits associated with a PE diagnosis did not change
between study periods, varying from 0.33% in 1997
to 1999 to 0.47% in 2005 to 2007 (P ⫽ .21). There
were 30 of 6851 CC symptom–related visits
(0.38%) associated with an incidental diagnosis in
1997 to 1999 and 55 of 10,247 of these visits
(0.49%) in 2005 to 2007 (P ⫽ .18). CC symptom–
related visits from 2005 to 2007 were more likely to
be associated with the clinically nonsigniﬁcant diagnosis (45.8% vs 35.6%; P ⬍ .001) when compared with visits in 1997 to 1999.
Other Diagnostic Imaging
CC symptom–related visits after 2004 were as
likely to be associated with a radiograph order
(68.4% vs 66.0%; P ⫽ .09) and more likely to be
associated with an ultrasound order (1.8% vs 1.0%;
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Table 1. Characteristics of Common Chest Symptom-Related* Visits to United States Emergency Departments, 1997
to 1999 and 2005 to 2007 (n ⴝ 17,098)

14
12

% of Visits

10
8

1997-1999

6

2005-2007

4
2
0

Overall Symptoms
of PE N=17,098*

Chest Pain
N=10,953

Shortness of Breath
N=6,647

Labored Breathing
N=3,143

Symptom

P ⬍ .01), other image order (2.6% vs 1.9%; P ⫽
.04) or MRI order (0.3% vs 0.1%; P ⫽ .02) when
compared with visits in 1997 to 1999.
Associations With CT Order
In multivariable logistic regression modeling, independent predictors of a CC symptom related–visit
associated with a CT order were 2005 to 2007 time
period versus 1997 to 1999 time period, age more
than 65 years versus age 15 to 44 years, Medicaid
versus private insurance, and western region versus
northeast region (Table 2).

Discussion
In recent years, patients presenting to US emergency departments with CC symptoms were almost
6.5 times more likely to have undergone a CT
examination, and by 2007 the likelihood had increased further. In many ways this is not surprising
given the advancements in multidetector technology, rapidity of the test, and widespread access. A
rise in the prevalence of certain conditions and
illnesses enhanced by the utilization of imaging
may be expected given this increased utilization.

Figure 2. Trend in the proportion of common chest (CC) symptom–related visits associated with a computed
tomography order in US emergency departments, 2005 to 2007. P < .001 for trend.
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Figure 1. Comparison of the proportion of common chest (CC) symptom–related visits associated with computed
tomography orders in US emergency departments between 1997 to 1999 and 2005 to 2007. P < .0001 for all
comparisons. *Individual symptom totals do not total overall CC symptom–related visit total because some visits
were associated with one than one CC symptom.

First, such an escalating rate of CT utilization
might be expected to result in a commensurate
increase in PE diagnoses, as suggested by prior
literature. Somewhat unpredictably, our results do
not support this assumption; the rate of PE diagnosis did not change from the time period before
2000 to the time period after 2004, results that are
similar to a single institution study where a drop in
PE detection occurred.14 This, however, markedly
differs from a previous study that suggests that CT,
through earlier diagnosis of PE, has reduced associated morbidity and mortality.1 Instead, our results point to CTs being ordered unselectively for
patients with chest pain or breathing problems in
2005 to 2007, as evidenced by the increase in the
nonspeciﬁc diagnoses of respiratory system/other
chest symptoms and general symptoms.
In addition, the high resolution associated with
increased CT utilization also has been demonstrated in previous studies to diagnose an increased
number of pneumonias over chest radiograph
alone.15,16 Our study does not reproduce these
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ﬁndings, with pneumonia being diagnosed as often
despite increased utilization in CT. With increases
in the number of nonspeciﬁc diagnoses and no
improvements in clinically signiﬁcant diagnoses
such as PE and pneumonia among patients presenting with CC symptoms, increased utilization seems
to provide little to add in the diagnostic work-up
and certainly is not altering treatment in the setting
of inappropriate ordering.
Furthermore, with the escalating rates of CT
utilization, a high number of clinically signiﬁcant
incidental ﬁndings have been reported,6 which has
led some physicians to argue that CT is useful in
patients even when clinical suspicion of more concerning diagnoses (eg, PE) is high.17,18 However,
our results differ from previous studies in that no
signiﬁcant change in incidental ﬁndings was discovered during the period of increased CT utilization.
Our results are not directly comparable with other
ﬁndings, however, because they probably represent
a lower risk population and are derived from a
national sample versus a single institution where
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Figure 3. Comparison of proportion of diagnostic categories of CC symptom–related visits in US emergency
departments between 1997 to 1999 and 2005 to 2007 (n ⴝ 17,098). Results have been adjusted for sex, age, race,
insurance, and region.
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Characteristic
Time period
1997–1999
2005–2007
Sex
Female
Male
Age (years)
15–44
45–64
⬎65
Race
White
Black
Other
Health insurance
Private
Medicare
Medicaid
Self-pay/other
Geographic region
Northeast
Midwest
South
West

Odds Ratio† (95% CI) of a Computed
Tomography Order

1.00 (–)
6.41 (5.12 – 8.03)
1.00 (–)
0.92 (0.80 – 1.07)
1.00 (–)
1.09 (0.92 – 1.29)
1.30 (1.04 – 1.61)
1.00 (–)
0.92 (0.77 – 1.11)
0.73 (0.50 – 1.07)
1.00 (–)
0.88 (0.70 – 1.10)
0.71 (0.57 – 0.88)
0.96 (0.77 – 1.19)
1.00 (–)
1.24 (0.90 – 1.70)
0.99 (0.74 – 1.31)
1.51 (1.15 – 1.99)

*Common chest symptoms are chest pain, shortness of breath,
or labored breathing.
†
Adjusted for all other variables in the table.
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radiologists may report differently because of the
local medicolegal environment. Furthermore, incidental ﬁndings discovered on CT are not without
their risks; the dose of radiation from a single CT,
let alone repeated studies to follow pulmonary nodules, increases risk of radiation-induced cancer.19,20
There are also risks associated with repeated intravenous contrast,21 and an emotional burden can be
placed on a patient being informed about a potential diagnosis of cancer.22 Interestingly enough, incidental pulmonary nodules found in patients receiving cardiac CT were found in 81 of 459 patients
and, after 2 year follow-up, none developed lung
cancer.23
A 2004 Intersociety of Radiology summary report on inappropriate ordering suggests that increased utilization is likely secondary to poor un-

derstanding of what study is needed, high public
expectations, medical liability issues, and self referral.24 Subsequent studies largely have conﬁrmed
this opinion because patient self referral,25 the style
and content of clinical education,26 and the fear of
malpractice litigation27 have been shown to contribute to increased ordering. Somewhat troubling
with regard to public expectations and self referral
of patients is that an increasing number of diagnostic imaging studies, including CT scan, have transitioned from inpatient settings to outpatient centers and specialty hospitals.28,29 One study linked
these centers with easier access for individuals with
private insurances, a group that traditionally has
been more willing to pay for advanced diagnostic
procedures.30
In a health care system that is already struggling
and overextended, the cost of unnecessary and repeat imaging creates undue stress.31Medicare
spending for imaging studies between 2000 and
2005 more than doubled, from $6.6 billion to $13.7
billion, which represents an growth rate twice that
of physician fee schedules.32With particular regard
to chest symptoms, evaluation of data from a single
health plan demonstrated that chest CT was among
a short list of anatomic sites with dramatic increases
in cost from 1997 to 2006.33 The increased use of
diagnostic imaging has led to a signiﬁcant increase
in associated costs, estimated to exceed $100 billion
per year in the United States.34
Until recent years, with expanding data on the
use of CT scans, heightened awareness of the risks
of radiation exposure with CT was not well appreciated by physicians ordering and reading these
studies. Physicians were largely unaware of the
dose of radiation and concomitant associated cancer risks.35,36 A longitudinal study of workers in the
nuclear industry, exposed to a radiation dose similar to a standard CT, demonstrated increased mortality from cancer.37 These data are particularly
troublesome, given that a large number of individuals receiving CT scans are middle aged, among
whom the risks of exposure and re-exposure to
radiation could become manifest over time. Further studies are demonstrating increased cancer
risk,38,39 with particular concern in younger adults
and the pediatric population. A recent study using
risk models has suggested that approximately
29,000 future cancers could be related to CT scans
performed in the US in 2007 alone.40 The question
of whether the beneﬁts previously thought to out-

Table 2. Multivariate Logistic Regression Model
Predicting Common Chest Symptom-Related* Visits
Associated with a Computed Tomography Order in
United States Emergency Departments, 1997 to 1999
and 2005 to 2007

Conclusions
This study provides evidence that CT utilization in
the evaluation of CC symptoms has increased signiﬁcantly over time without signiﬁcant changes in
the diagnosis of related disorders. Further studies
are needed to investigate whether evidence-based
clinical guidelines are being used and whether this
affects the proportion of visits during which CT is
ordered. With the radiation risks associated with
CT becoming more apparent, utilization of health
care resources from an evidential and public
health– based approach is warranted.
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