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Abstract

Objectives—Using computed tomography (CT) to evaluate patients with chest symptoms is 

common in emergency departments (EDs). This article describes recent trends of CT use in U.S. 

EDs for patients presenting with symptoms common to acute pulmonary embolism (PE).

Methods—The 2001–2009 National Hospital Ambulatory Medical Care Survey (NHAMCS), a 

nationally representative survey of U.S. ED encounters, was used for data collection. Patients with 

at least one of three complaints (chest pain, dyspnea, or hemoptysis) were categorized into the 

chest symptom study (CSS) group. The yearly increases in CT use for the complaints were 

tabulated first, then linear regression analysis was used to calculate average rates of increases in 

CT use between 2001 and 2007, the years where CT use increased, for the overall population and 

among specific subgroups. The ratios of the number of visits when CT was ordered and there was 

a target diagnosis relative to the total number of visits with CT in the CSS group (diagnosis/CT 

ratio) were calculated for PE and pneumonia.

Results—Annual CT rates for the CSS group increased from 2.6% in 2001 to 13.2% in 2007, 

subsequently leveling off at approximately 12.5% in 2008 and 2009. The average growth rate of 

CT use for the CSS group was 28.1% (95% confidence interval [CI] = 20.9% to 35.7%) per year 

between 2001 and 2007. Testing rates for all subgroups increased. The lowest growth rate was 

among Hispanic patients, whose CT rates grew 14.2% (95% CI = 5.7% to 23.5%) per year. The 

highest growth rate was in nonurban hospitals, at 43.1% (95% CI = 15.2% to 77.8%) per year. 

Patients triaged as nonurgent received the fewest CTs, compared to those who should be seen in 2 

hours or less. With regard to sources of payment, the self-pay subgroup experienced the highest 

rate of increase at 35.1% (95% CI = 18.6% to 53.9%). The PE diagnosis/CT ratio from 2002 to 

2009 was 2.7% for the CSS group. The pneumonia diagnosis/CT ratio grew from 5.8% in 2002 to 

2005 to 7.8% in 2006 to 2009.
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Conclusions—Computed tomography use in ED visits by patients with chest symptoms 

increased dramatically from 2001 to 2007 and seems to have leveled off in subsequent years. The 

low PE diagnosis-to-CT ratio suggests that EDs may need to promote evidence-based use of CT.

Diagnosing pulmonary embolism (PE) in emergency department (ED) patients is 

challenging because the cardiopulmonary symptoms common to PE can mimic other clinical 

entities such as pneumonia, respiratory conditions such as asthma, and nonrespiratory 

conditions such as acute coronary syndrome.1 D-dimer assays are highly sensitive but poorly 

specific initial tests for low-risk PE patients and may reduce the need for computed 

tomography (CT) pulmonary angiography; however, this is not always the case in 

practice.2,3 Some physicians rely on CT as an initial test in cases of suspected PE. In 

addition, testing very low-risk patients with nonspecific D-dimer assays can lead to high 

rates of false-positive D-dimers, and ultimately negative CT scans. CT is the test of choice 

to diagnose PE in the ED, but overuse of CT is a concern because it can be associated with a 

small number of serious adverse events such as contrast-induced nephropathy, reactions to 

intravenous contrast dye, and radiation-induced cancer.4–13

Rates of CT use in U.S. EDs have risen dramatically over the past two decades, from 2.7 

million in 1995 to 16.2 million in 2007.10,14–17 A similar rise has been observed in ED 

patients with chest pain: in 1995, 1.2% received CTs; the rate increased to 13.7% by 2007.14 

Previous chart-based studies also reported up to 13-fold increases in use of PE-protocol CT 

scans over several years.18,19 The benefits of the observed proliferation of CTs on PE care is 

mixed, however. One study of U.S. EDs found that increases in PE diagnoses did not 

coincide with increases in CT use, comparing 1997 through 1999 to 2005 through 2007.20 

“Overdiagnosis” is also a concern, as there is evidence of increased diagnosis of low-risk or 

asymptomatic PE, while absolute deaths have remained the same, resulting in a diminishing 

case fatality rate for PE.21,22 Most recently, the American College of Physicians included 

CT use as an initial test for patients at low risk for PE on a list of low-value practices that 

should be discouraged.23 Thorough understanding of these issues is critical during this 

period of health reform, as the nation is looking for ways to cut costs, reduce waste, and 

improve quality.

In this study, we explored longitudinal trends in the use of CT scans in U.S. EDs for three 

PE-related symptoms (chest pain, dyspnea, and hemoptysis) from 2001 through 2009 using 

a nationally representative sample: the National Hospital Ambulatory Care Survey. Recent 

studies have explored increases in CT use using national data, but our study is novel in 

several ways. First, we analyzed national trends in ED CT use beyond 2007, using data from 

2008 and 2009. Second, we assessed the proportion of visits with PE diagnoses where CT 

may have contributed to the diagnostic process; for this we estimated the ratio of the number 

of visits with CTs and diagnoses, relative to the number of visits with CTs in our chest 

symptom study (CSS) group (diagnosis/CT ratio). This allowed us to compare the ratio for 

PE—a diagnosis that is usually sought on CT scans—with pneumonia, a diagnosis that can 

be captured on plain radiography but is sometimes found on CT in a search for suspected 

PE.24
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METHODS

Study Design

This was a retrospective cohort study using the ED component of the National Hospital 

Ambulatory Medical Care Survey (NHAMCS) from 2001 through 2009. The institutional 

review board at the George Washington University found that this study was not human 

subjects research, as all data were from the NHAMCS.

Data Source

The NHAMCS is a nationally representative survey of hospital outpatient encounters in the 

United States administered by the National Center for Health Statistics, Centers for Disease 

Control and Prevention. NHAMCS uses a complex design to sample ED visits in 

noninstitutional general and short-stay hospitals in the 50 states and the District of 

Columbia, excluding federal, military, and Veterans Administration hospitals. Information 

collected includes patient demographics; hospital characteristics; times of arrival and seen 

by physician; expected sources of payment; the patient’s cited reasons for visit (RFV; up to 

three are recorded); whether selected imaging tests, including CT, were administered; and a 

principal and up to two additional International Classification of Disease, 9th revision; 

Clinical Modification (ICD-9-CM) diagnosis codes. Additional details of NHAMCS are 

described elsewhere.25

Inclusion and Exclusion Criteria

Patient visits with one or more RFV involving chest pain (RFV 1050.0–3), dyspnea (RFV 

1415.0, 1420.0, 1430.0–2), or hemoptysis (RFV 1470.1) were categorized as the CSS group. 

The CSS group broadly captures possible PE cases. Patient visits for all other complaints 

were regarded as the non-CSS comparison group.

Primary outcomes of interest were CT use among ED visits for the two visit groups. Over 

the study period, there were some differences in the way that CT was coded in NHAMCS. 

From 2001 through 2004, CT and magnetic resonance imaging (MRI) were reported 

together; however, we assumed that CTs and MRIs for the CSS group were CTs. This 

assumption is likely valid in most cases because in 2005 and 2006 there were 12 and 18 

MRI observations in our cohort, compared to 356 and 415 CTs, respectively. From 2007 

through 2009, four categories of CT were available, “any [unspecified anatomic location] 

CT,” “CT head,” “CT other than head,” and “unknown.” Of all CTs from 2007 through 2009 

associated with chest symptoms, approximately 50% were coded as any CT, 30% CT other 

than head, 13% CT head, and 5% unknown. There were no specific variables indicating 

chest or pulmonary CTs.

We may have overestimated CT use prior to 2007 as we excluded head CTs from 2007 

through 2009. We also assumed all other CTs associated with the CSS group were chest CT. 

This is an assumption that has important implications for the analysis because we cannot 

determine whether CTs were used to diagnose or rule out PE, because NHAMCS does not 

report the test indication for CTs. We included all CTs to calculate the CT rate for the 

comparison group.
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Variables

Emergency department visits were grouped by patient and hospital characteristics to enable 

stratified analysis of CT use. Visit categories by patient age group included <18, 18 through 

39, 40 through 64, and ≥65 years. Race and ethnicity categories were non-Hispanic white, 

non-Hispanic black, and Hispanic; other groups were not reported separately due to small 

numbers. Expected payer statuses were private insurance, Medicare, Medicaid, and self-pay. 

Patient sex and the immediacy of the visit were also variables of interest. Hospital and 

regional characteristics included location in an urban setting and hospital ownership.

Visits with any diagnosis of PE were identified using ICD-9-CM codes 415.11 or 415.19. 

Diagnosis of pneumonia was captured using ICD-9-CM codes 480.9, 481.x, 482.9, and 

486.x. Other potential alternative diagnoses that may be found on chest CT, such as aortic 

aneurysm or dissection, had insufficient numbers of observations to permit reliable 

estimates; therefore, we did not include them as alternative diagnoses that may have been 

detected on CT during the visit.

Data Analysis

Estimates were calculated using the weighting and sample design variables in NHAMCS. 

Annual estimates of total ED visits and percentage of visits with one or more of the 

complaints were derived. We calculated the percentage of CT use associated with visits with 

these complaints overall and stratified by patient, hospital, and geographic subgroups.

To assess the trend, we used linear regressions to determine the average rates of percentage 

increase of CT use between 2001 through 2007 (Equations 1 and 2). Visual inspection of the 

unadjusted annual data past 2007 suggests a plateau of CT rates, so 2008 and 2009 were not 

included in the regression. We chose to use a linear model to fit data from 2001 to 2007 

because it allows for straightforward interpretation of differences in growth rates overall and 

for specific subgroups. A p ≤ 0.05 was considered significant. The following formulas were 

used to report the average percentage increase per year:

(1)

Average rate of percent increase = (exp(β) – 1) × 100.

(2)

The diagnosis/CT ratio from 2002 through 2009 was calculated using the number of visits 

where there was a CT and diagnosis of PE divided by the total number of visits where a CT 

was performed within the CSS group (Equation 3).

(3)

Due to insufficient observations and complex survey requirements (i.e., 30 observations are 

required per cell to make a stable estimate), we were unable to examine values in separate 
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periods. Observations from 2001 were not used because differences in sampling strategy 

from subsequent years made estimates of standard errors not comparable. The diagnosis/CT 

ratio for pneumonia in the same group was calculated for comparison. A sufficient number 

of observations in NHAMCS allowed us to pool pneumonia into two periods—from 2002 

through 2005 and 2006 through 2009—and assess changes in the diagnosis/CT ratio over 

time. All data coding and analysis were conducted using Stata 11.1 (StataCorp, College 

Station, TX).

RESULTS

Sample Characteristics and Overall CT Use

There were 322,745 observations sampled during 2001–2009 that represented a weighted 

estimate of 1.05 billion ED visits (increasing from 107.5 million in 2001 to 136.1 million in 

2009). About 12% of ED visits each year involved chest pain, dyspnea, or hemoptysis.

Figure 1 and Table 1 show CT use in all ED visits increased from 6.3% in 2001 to 13.9% in 

2007 and then leveled off in 2008 and 2009 at approximately 14.5%. For the CSS group, CT 

use increased fivefold, from 2.6% in 2001 to 13.2% in 2007, and then plateaued at 

approximately 12.5%. Rates of CT use in the comparison group of non-CSS visits were very 

similar with rates in the overall ED population.

CT Use in the CSS Group Visits by Subgroups

CT use for the CSS group increased in all subgroups (Table 2). Use in white non-Hispanics 

increased from 2.6% in 2001 and leveled off at approximately 14% after 2007. However, not 

all subgroups had the same pattern of CT rate increase from 2001 to 2007 and plateauing 

afterward as did the overall ED or CSS groups. Rates of CT use in adults older than 65 years 

increased at 2.6% in 2001 to 14.7% in 2007 and then peaked at 17% in 2008, before 

decreasing to 15.6% in 2009. Among the race and ethnicity subcategory, Hispanics had the 

highest percentage of ED visits with CTs in 2001, 4.3%, but the lowest percent for most of 

the following years. Medicare patients had a low frequency of 1.9% CTs in 2001, peaking at 

15.7% in 2008, and decreasing slightly to 14.6% in 2009, the highest among the payers 

subgroup. Midwest hospitals also experienced the same trend from a low percentage in 

2001, 2%, to the highest in 2009, 14.3%. For most years, patients triaged to be seen within 

15 minutes received more CTs than patients triaged to be seen more than 1 hour after arrival 

in the ED. Throughout the period, urban hospitals performed more CTs compared to 

hospitals in nonurban areas. Nonprofit hospitals had the greatest absolute increase between 

2001 and 2009, 11.1%, compared to government-owned and for-profit hospitals.

CT in the CSS group increased by an average growth rate of 28.1% (95% confidence 

interval [CI] = 20.9% to 35.7%) per year. This rate of increase was higher than the rates for 

all ED visits, 13.8% (95% CI = 12.5% to 14.0%), and for visits without these complaints, 

12.7% (95% CI = 11.0% to 14.3%; Table 1). Rates increased for every subgroup, but were 

lowest among Hispanics (Table 2). CT use grew more rapidly in nonurban hospitals, where 

rates of CT use were relatively low in 2001.
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Diagnosis of PE and Pneumonia

There were an estimated 10,683,293 visits with CT for the CSS group in 2002 through 2009. 

Of the total, 291,642 had diagnoses of PE. The aggregate PE diagnosis/CT ratio over the 8 

years was 2.7% in the CSS group. Further analysis stratifying the CSS group by RFV found 

the diagnosis/CT ratio was 2.0% for those with only chest pain and 3.7% for the CSS group 

once chest pain was excluded.

To investigate the potential alternate diagnoses, we examined the pneumonia diagnosis/CT 

ratio. Table 3 shows that the overall diagnosis rate of pneumonia of about 1.8% did not 

change from 2002 through 2005 to 2006 through 2009. However, pneumonia diagnosis/CT 

ratios in patients who underwent CTs were 5.8% in 2002 through 2005 and 7.8% in 2006 

through 2009. Due to the limited number of PE diagnoses across the entire sample, we were 

not able to compare PE diagnosis/CT ratios for the same two periods. For a symmetrical 

comparison, we report the aggregate pneumonia diagnosis/CT ratio from 2002 through 2009 

of 7.1%, more than twice that of PE.

DISCUSSION

CT Rates of Use

Our analysis shows dramatic increases in the use of CT in the ED from 2001 through 2007, 

as well as a leveling off after 2007. Average growth rate of CT use in the ED from 2001 

through 2007 was 13.8% overall and 28.1% for the CSS group. By 2009, CT was used in 

12.5% of CSS visits, up from 2.6% in 2001. The increase was seen in all subgroups, some 

more than others. Nonurban hospitals with low baseline rates experienced the highest rate of 

increase. Rates among Hispanics grew the slowest over time but had the highest 2001 

baseline rate. Most other subgroups had average annual increases of approximately 20%, 

consistent with previous studies.14,26 Notably, subgroups of older adults and Medicare 

beneficiaries experienced similar percentages and growth over the years, which is expected 

for these overlapping populations. Urban and nonprofit hospitals appear to order 

proportionately more CTs, which may point to a culture of teaching hospitals where less 

experienced trainees may favor objective testing.

Increases in CT use of this magnitude, while rates of symptoms largely remained constant, 

indicate a change in ED practice patterns. Determining whether these changes are specific to 

diagnosing PE requires important considerations. First, total CT use in the ED was greater 

than use for the subset of visits in the CSS group throughout the period, although the rate of 

increase was greater in the CSS group. This suggests that there would likely have been 

substantial increases over time in the use of CT for ED patients with chest symptoms even if 

physicians had not been using CT to specifically look for and diagnose PE. For the purposes 

of this analysis, it may be reasonable to assume the majority of the nonhead CTs in the CSS 

group were likely chest CTs. Consequently, we conclude that increased use of chest CT may 

be driving CT use for the CSS group.

Given limitations of the available data, we do not know what proportion of the CTs 

associated with one or more of these complaints were ordered to rule out PE, as these 

symptoms could also result from other conditions or diseases where CT might be used (i.e., 
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a CT coronary angiogram, aortic dissection, or traumatic injury). We also do not know if 

CTs to diagnose PE were given to patients outside of our CSS group. Finally, it is entirely 

possible that someone with one or more of the chest symptoms received a CT for reasons 

unrelated to PE.

Diagnosis/CT Ratio

Accounting for the increases in CT use, the estimated PE diagnosis/CT ratio of 2.7% for PE 

was lower than the 7% to 10% previously reported diagnostic yields in chart review-based 

studies from single institutions.18,24,27,28 Our estimate may be lower than actual diagnostic 

yield because specific CT indications were unavailable. Also, previously reported diagnostic 

yields might have been lower if representative samples of facilities were studied.

Although chest pain is one of the standard signs and symptoms of acute PE, the diagnostic 

yield for patients presenting with chest pain is low. Previous research has suggested that 

chest pain in isolation may not actually be as strong an indicator of PE as other symptoms, 

such as dyspnea. Specifically, among nine symptoms and clinical signs of PE or deep vein 

thrombosis reported for ED patients, two (chest pain and syncope) showed no significant 

positive likelihood for a diagnosis of PE.29

The effect of CTs for PE on alternative diagnoses such as pneumonia has been documented 

in previous studies.30–33 Even though CT is not typically used to rule out pneumonia, the 

detection of pneumonia may be an ancillary benefit of using CT to rule out PE. A recent 

study found that 77% of CTs suspected but negative for PE had alternative diagnoses; 

pneumonia was present in 14% of the CTs.30 We reported an increase in the pneumonia 

diagnosis/CT ratio from 5.8% in 2002–2005 to 7.8% in 2006–2009. Diagnoses of 

pneumonia may or may not have been incidental, as we do not know the indications for the 

CTs or if CTs accompanied chest x-rays. Future studies could determine if CTs are 

substituting for chest radiography or whether CT is increasing the detection rate for small 

pneumonias undetected on standard two-view chest x-rays.

LIMITATIONS

There are limitations to NHAMCS data that have important implications for our study. 

Although it is consistent with previous studies, the method we used to construct our cohort 

using RFVs and identified PE and pneumonia diagnoses have not been validated. In addition 

to combining CT and MRI data from 2001 through 2005, NHAMCS also did not specify the 

body region where the CT was performed until 2007. By excluding head CTs after 2007, we 

may have overestimated the number of CTs in the prior years. Further, it is possible that 

some of the CTs associated in the CSS population were not chest-related as we assumed.

We assumed that in a visit with a CT and a PE or pneumonia diagnosis, the diagnosis was 

based on the CT result, and that an absence of the diagnosis meant the test was negative for 

the two diseases. We may have undercounted PE, as we did not take into account diagnoses 

of deep vein thrombosis, which require the same treatment but can be diagnosed using 

ultrasound. While we reported a nationally representative estimate of the PE diagnosis/CT 

ratio, insufficient yearly observations made it impossible to analyze changes over time or 
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compare directly with the pneumonia ratio. Further, NHAMCS data do not capture the 

patients’ risk factors for PE or the physicians’ decision-making processes.

Other limitations to this study are common to studies reliant on facility-based health care 

encounter data. However, ICD-9 diagnostic codes in NHAMCS are more standard than in 

hospital discharges because coding is done directly from abstracted charts by survey staff. 

The data also do not specify CT test indication, so we may have overestimated both the 

number of patients who received chest CTs and those at clinical risk for PE.

CONCLUSIONS

In ED patients with complaints of chest pain, dyspnea, or hemoptysis, this analysis 

documented dramatic increases in computed tomography use from 2001 through 2007, 

which leveled off in 2008 and 2009. We found increases in computed tomography use in our 

comparison group, patients without the chest symptoms in the chest symptom study group, 

although to a smaller extent. The more rapid increase in computed tomography use in our 

chest symptom study group could reflect increased awareness and vigilance for detection of 

pulmonary embolism. The best estimate for diagnostic yield, the diagnosis/CT ratio, for 

pulmonary embolism was low overall; however, this estimate should be interpreted in the 

context of how the chest symptom study group was defined and the survey limitations. We 

were unable to determine whether the diagnosis/CT ratio for pulmonary embolism changed 

over time. Higher test use and low diagnosis/CT ratios may suggest the need to promote 

more efficient and evidence-based use of CT in the ED.

Acknowledgments

This research did not receive funding from any institution.

The findings and conclusions in this report are those of the authors and do not necessarily represent the official 
position of the Centers for Disease Control and Prevention. Dr. Pines, who is an associate editor of AEM, had no 
role in the peer review or publication decision for this article.

References

1. Chunilal SD, Eikelboom JW, Attia J, et al. Does this patient have pulmonary embolism? JAMA. 
2003; 290:2849–58. [PubMed: 14657070] 

2. Venkatesh AK, Kline JA, Courtney DM, et al. Evaluation of pulmonary embolism in the emergency 
department and consistency with a national quality measure: quantifying the opportunity for 
improvement. Arch Intern Med. 2012; 172:1028–32. [PubMed: 22664742] 

3. Courtney DM, Steinberg JM, McCormick JC. Prospective diagnostic accuracy assessment of the 
HemosIL HS D-dimer to exclude pulmonary embolism in emergency department patients. Thromb 
Res. 2010; 125:79–83. [PubMed: 19515402] 

4. Huckins DS, Price LL, Gilley K. Utilization and yield of chest computed tomographic angiography 
associated with low positive D-dimer levels. J Emerg Med. 2012; 43:211–20. [PubMed: 21764536] 

5. Jha S, Ho A, Bhargavan M, Owen JB, Sunshine JH. Imaging evaluation for suspected pulmonary 
embolism: what do emergency physicians and radiologists say? AJR Am J Roentgenol. 2010; 
194:W38–48. [PubMed: 20028889] 

6. Weiss CR, Scatarige JC, Diette GB, Haponik EF, Merriman B, Fishman EK. CT pulmonary 
angiography is the first-line imaging test for acute pulmonary embolism: a survey of US clinicians. 
Acad Radiol. 2006; 13:434–46. [PubMed: 16554223] 

Feng et al. Page 8

Acad Emerg Med. Author manuscript; available in PMC 2015 June 03.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



7. Anderson DR, Barnes DC. Computerized tomographic pulmonary angiography versus ventilation 
perfusion lung scanning for the diagnosis of pulmonary embolism. Curr Opin Pulm Med. 2009; 
15:425–9. [PubMed: 19465853] 

8. Mitchell AM, Jones AE, Tumlin JA, Kline JA. Incidence of contrast-induced nephropathy after 
contrast-enhanced computed tomography in the outpatient setting. Clin J Am Soc Nephrol. 2010; 
5:4–9. [PubMed: 19965528] 

9. Stein PD, Fowler SE, Goodman LR, et al. Multidetector computed tomography for acute pulmonary 
embolism. N Engl J Med. 2006; 354:2317–27. [PubMed: 16738268] 

10. Brenner DJ, Hall EJ. Computed tomography–an increasing source of radiation exposure. N Engl J 
Med. 2007; 357:2277–84. [PubMed: 18046031] 

11. Gonzalez AB, Mahesh M, Kim KP, et al. Projected cancer risks from computed tomographic scans 
performed in the United States in 2007. Arch Intern Med. 2009; 169:2071–7. [PubMed: 20008689] 

12. Freeman LM. Don’t bury the V/Q scan: it’s as good as multidetector CT angiograms with a lot less 
radiation exposure. J Nucl Med. 2008; 49:5–8. [PubMed: 18077524] 

13. Amis ES, Butler PF, Applegate KE, et al. American College of Radiology white paper on radiation 
dose in medicine. J Am Coll Radiol. 2007; 4:272–84. [PubMed: 17467608] 

14. Larson DB, Johnson LW, Schnell BM, Salisbury SR, Forman HP. National trends in CT use in the 
emergency department: 1995–2007. Radiology. 2011; 258:164–73. [PubMed: 21115875] 

15. Korley FK, Pham JC, Kirsch TD. Use of advanced radiology during visits to US emergency 
departments for injury-related conditions, 1998–2007. JAMA. 2010; 304:1465–71. [PubMed: 
20924012] 

16. Kocher KE, Meurer WJ, Fazel R, Scott PA, Krumholz HM, Nallamothu BK. National trends in use 
of computed tomography in the emergency department. Ann Emerg Med. 2011; 58:452–62.e3. 
[PubMed: 21835499] 

17. Pines JM. Trends in the rates of radiography use and important diagnoses in emergency department 
patients with abdominal pain. Med Care. 2009; 47:782–6. [PubMed: 19536032] 

18. Weir ID, Drescher F, Cousin D, et al. Trends in use and yield of chest computed tomography with 
angiography for diagnosis of pulmonary embolism in a Connecticut hospital emergency 
department. Conn Med. 2010; 74:5–9. [PubMed: 20175366] 

19. Prologo JD, Gilkeson RC, Diaz M, Asaad J. CT pulmonary angiography: a comparative analysis of 
the utilization patterns in emergency department and hospitalized patients between 1998 and 2003. 
Am J Roentgenol. 2004; 183:1093–6. [PubMed: 15385312] 

20. Coco AS, O’Gurek DT. Increased emergency department computed tomography use for common 
chest symptoms without clear patient benefits. J Am Board Fam Med. 2012; 25:33–41. [PubMed: 
22218622] 

21. Tsai J, Grosse SD, Grant AM, Hooper WC, Atrash HK. Trends in in-hospital deaths among 
hospitalizations with pulmonary embolism. Arch Intern Med. 2012; 172:960–1. [PubMed: 
22473671] 

22. Sheh SH, Bellin E, Freeman KD, Haramati LB. Pulmonary embolism diagnosis and mortality with 
pulmonary CT angiography versus ventilation-perfusion scintigraphy: evidence of overdiagnosis 
with CT? Am J Roentgenol. 2012; 198:1340–5. [PubMed: 22623546] 

23. Qaseem A, Alguire P, Dall P, et al. Appropriate use of screening and diagnostic tests to foster, 
high-value, cost-conscious care. Ann Intern Med. 2012; 156:147–9. [PubMed: 22250146] 

24. Richman PB, Courtney DM, Friese J, et al. Prevalence and significance of nonthromboembolic 
findings on chest computed tomography angiography performed to rule out pulmonary embolism: 
a multicenter study of 1,025 emergency department patients. Acad Emerg Med. 2004; 11:642–7. 
[PubMed: 15175202] 

25. Centers for Disease Control and Prevention. [Accessed Jul 24, 2013] About the Ambulatory Health 
Care Surveys. Available at: http://www.cdc.gov/nchs/ahcd/about_ahcd.htm

26. Broder J, Bowen J, Lohr J, Babcock A, Yoon J. Cumulative CT exposures in emergency 
department patients evaluated for suspected renal colic. J Emerg Med. 2007; 33:161–8. [PubMed: 
17692768] 

Feng et al. Page 9

Acad Emerg Med. Author manuscript; available in PMC 2015 June 03.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.cdc.gov/nchs/ahcd/about_ahcd.htm


27. Costantino MM, Randall G, Gosselin M, Brandt M, Spinning K, Vegas CD. CT angiography in the 
evaluation of acute pulmonary embolus. Am J Roentgenol. 2008; 191:471–4. [PubMed: 
18647919] 

28. Donohoo JH, Mayo-Smith WW, Pezzullo JA, Egglin TK. Utilization patterns and diagnostic yield 
of 3,421 consecutive multidetector row computed tomography pulmonary angiograms in a busy 
emergency department. J Comput Assist Tomogr. 2008; 32:421–5. [PubMed: 18520550] 

29. Le Gal G, Righini M, Roy PM, et al. Differential value of risk factors and clinical signs for 
diagnosing pulmonary embolism according to age. J Thromb Haemost. 2005; 3:2457–64. 
[PubMed: 16241944] 

30. Kline JA, Hogg MM, Courtney DM, Miller CD, Jones AE, Smithline HA. D-dimer threshold 
increase with pretest probability unlikely for pulmonary embolism to decrease unnecessary 
computerized tomographic pulmonary angiography. J Thromb Haemost. 2012; 10:572–81. 
[PubMed: 22284935] 

31. van Strijen MJ, de Monye W, Schiereck J, et al. Single-detector helical computed tomography as 
the primary diagnostic test in suspected pulmonary embolism: a multicenter clinical management 
study of 510 patients. Ann Intern Med. 2003; 138:307–14. [PubMed: 12585828] 

32. Tsai KL, Gupta E, Haramati LB. Pulmonary atelectasis: a frequent alternative diagnosis in patients 
undergoing CT-PA for suspected pulmonary embolism. Emerg Radiol. 2004; 10:282–6. [PubMed: 
15290480] 

33. Kim YH, Lee KS, Primack SL, et al. Small pulmonary nodules on CT accompanying surgically 
resectable lung cancer: likelihood of malignancy. J Thorac Imaging. 2002; 17:40–6. [PubMed: 
11828211] 

Feng et al. Page 10

Acad Emerg Med. Author manuscript; available in PMC 2015 June 03.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



DR JEREMY BROWN TO DIRECT NIH OFFICE OF EMERGENCY CARE 
RESEARCH

The National Institutes of Health has announced in a press release that Jeremy Brown, 

MD, has been chosen to be the first permanent director of its Office of Emergency Care 

Research (OECR). Established in 2012 under NIH’s National Institute of General 

Medical Sciences, OECR is a focal point for basic, clinical and translational emergency 

care research and training across NIH. It coordinates, catalyzes, and communicates about 

NIH funding opportunities in emergency care research and fosters the training of future 

researchers in this field. Dr. Brown is currently an associate professor of emergency 

medicine and chief of the clinical research section in the Department of Emergency 

Medicine at The George Washington University (GWU). He works clinically as an 

attending physician at the Washington D.C. VA Medical Center. His NIH appointment 

will begin in July. Dr. Brown will also represent NIH in government wide efforts to 

improve the nation’s emergency care system. Alan E. Jones, MD, president of the 

Society for Academic Emergency Medicine, expressed the satisfaction of the emergency 

medicine community at the establishment of OECR and at Dr. Brown’s selection as its 

first permanent director. “SAEM, along with other emergency medicine organizations, 

has been very involved in efforts to create a dedicated centralized national office for 

emergency care research. We are delighted at the progress that has been made since the 

announcement of OECR’s creation last year, and congratulate Dr. Jeremy Brown on his 

well-deserved appointment as its first director.” Dr. Brown is ready for the challenge of 

heading OECR. “I am excited to join this world-class institution and lead its efforts to 

improve emergency care in the U.S.,” he says. “To pursue this goal, I look forward to 

partnering with all of the NIH institutes and centers, other government agencies, and a 

wide range of researchers and clinicians.” Dr. Brown replaces Walter J. Koroshetz, M.D., 

deputy director of the National Institute of Neurological Disorders and Stroke, who had 

served as OECR’s acting director since its inception.
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Figure 1. 
Trend of CT Use for the CSS and comparison groups, 2001 through 2009. CSS = chest 

symptoms study.
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Table 3

Diagnostic Yield of Pneumonia for the CSS Group, 2002–2005 and 2006–2009

Diagnosis 2002–2005 2006–2009

No. total ED pneumonia
 diagnosis

8,452,423.2
(1.9% out of
 total visits)

9,123,219.4
(1.8% out of
 total visits)

No. CTs in CSS group 3,506,856.4
(0.8% out of
 CSS visits)

7,189,493.6
(1.5% out of
 CSS visits)

No. positive CTs for
 pneumonia

203,242.3 557,955.3

Diagnostic yield 5.8% 7.8%

Diagnostic yield
 2002–2009 7.1%

CSS = chest symptom study.
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