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Abstract—This study assesses the accuracy of Emer-
ency Medicine (EM) residents in detecting the size and
resence of abdominal aortic aneurysms (AAAs) using EM
ltrasound (EUS) compared to radiology measurement
RAD) by computed tomography (CT) scan, magnetic res-
nance imaging (MRI), angiography, or operative findings.
here were 238 aortic EUS performed from 1999–2000; 36
ere positive for AAA. The EUS finding of “AAA” had a

ensitivity of 0.94 (0.86–1.0 95% confidence interval [CI])
nd specificity of 1 (0.98–1.0 95% CI). Mean aortic diam-
ter among patients with AAA identified by EUS was 5.43

1.95 cm and by RAD was 5.35 � 1.83 cm. The mean
bsolute difference between EUS and RAD diameters was
.4 mm (95% CI 3.7–5.5 mm). Regression of EUS on RAD
iameters is strongly correlated, with R2 � 0.92. EM resi-
ents with appropriate training can accurately determine
he presence of AAA as well as the maximal aortic
iameter. © 2005 Elsevier Inc.

Keywords—ultrasound; emergency medicine; abdomi-
al aortic aneurysm
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INTRODUCTION

n the United States, there are approximately 11,000
ases of ruptured abdominal aortic aneurysm (AAA)
er year (1). Of these, it has been estimated that 30%
re misdiagnosed (2). The overall mortality rate for
atients with ruptured AAA is 80 –95% (3,4). Among
hose who survive to the hospital, the mortality rate is
0 – 80% (5,6). Once patients present to the emergency
epartment (ED), early diagnosis significantly de-
reases mortality from 75% to 35% (7). The sensitivity
f the clinical evaluation in the detection of unrup-
ured AAA is only 50 – 65% (8). Its accuracy in pa-
ients with rupture has not been studied, but is likely to
e lower, because many of these patients are hypoten-
ive or unconscious. Less than half of the patients with
ruptured AAA will present with the classic triad of

bdominal pain, hypotension, and a pulsatile abdom-
nal mass (9). For these reasons, it is essential to have
rapid and accurate diagnostic test for patients at risk

or AAA presenting with symptoms suggestive of this
isease.

The present study investigates the ability of emer-
ency medicine (EM) residents to determine the pres-
nce of an AAA as well as the accuracy of AAA mea-
urement by ultrasound as compared to measurements
ade by computed tomography (CT) scan, magnetic

avid H. Adler, MD, and Barry Simon, MD, of the University of
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456 T. G. Costantino et al.
esonance imaging (MRI), or angiography conducted by
he Department of Radiology.

MATERIALS AND METHODS

his study was conducted at two urban tertiary care
cademic medical centers with a combined annual ED
olume of 60,000 patients, between October 1999 and
ctober 2000. Patients were included if they were older

han 55 years and had at least one of the following
ymptoms: abdominal, back, flank or chest pain, or hy-
otension, as well as clinical suggestion of AAA. Pa-
ients who presented with a known, stable AAA were
xcluded. EM residents sought to determine whether an
AA was present based on the criterion of a maximal

ortic diameter in the transverse plane of � 3.0 cm
Figure 1). If no AAA was identified, EM residents were
sked to make a qualitative assessment to identify other
mergent aortic abnormalities.

All emergency ultrasound (EUS) scans were per-
ormed by 3rd year EM residents who had learned EUS
uring their residency and had completed at least 150
mergency ultrasound scans of any type defined by
CEP (10). The residency training curriculum includes a

igure 1. Transverse view of an abdominal aortic aneury
ransverse dimensions.
andatory 23-day ultrasound rotation in the second year
f a PGY 1–3 program. The rotation consists of didactic/
ognitive and experiential components. The didactic/
ognitive training is comprised of lecture, videotape re-
iew, and structured reading from ultrasonography
extbooks and journal articles. Hands-on training re-
uires the completion of 150 EUS scans. The rotation
rovides basic training in six of the “primary applica-
ions” of EUS, as described elsewhere (10). All scans
erformed by residents were subject to quality assurance
eview by experienced emergency ultrasonographers at a
ater time. In the absence of complete visualization of the
ntire abdominal aorta, the largest viewed diameter was
aken as the maximal aortic diameter. Emergency med-
cine faculty supervision ranged from very limited expe-
ience with ultrasound to quite extensive and was not
ontrolled for in the study.

All patients received a further imaging study from the
epartment of Radiology (RAD) unless the patient was
etermined to be unstable and needed immediate opera-
ive repair. In these circumstances, no further imaging
tudies were performed. All RAD studies were inter-
reted by board-certified radiologists. There were no
estrictions placed on the treating clinician about the type
f imaging study performed after EUS.

asuring approximately 6 cm in the antero-posterior and
Scans were performed using either a Sonosite 180plus
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Accuracy of EM Ultrasound for AAA 457
Bothell, WA) with abdominal probe (2.0–5.0 MHz) or
Siemens Adara (Erlangen, Germany) with abdominal

robe (2.0–5.0 MHz). The aortic diameter as measured
y EUS and RAD was compared for all aortas with
aximal diameter � 30 mm by either method. Aortas
ith diameter � 30 mm by both methods were not

ompared with respect to measured diameter. All EUS
can data were recorded with a custom EUS database
eveloped by two of the authors (N.H. and A.D.). Studies
f AAA were extracted from this database. This study
as approved by the IRB.
Statistics were performed with Microsoft Excel (Mi-

rosoft Inc., Redmond, WA) and Stata (College Station,
X); categorical variables were compared with chi
quare statistics and continuous variables were compared
ith Student’s t-test statistics and linear regression.

RESULTS

here were 238 patients enrolled in the study. Follow-up
ata were obtained on all of them. EUS identified aortic
bnormalities in 36 patients: 34 with AAA, one with

igure 2. Transverse view of an abdominal aortic aneurysm w
lot led to the mistaken caliper placement by the resident
neurysm, which was closer to 4.5 cm in AP diameter.
ortic dissection, and one with “large intraluminal clot.” 5
US identified the remaining 202 patients as being with-
ut emergent abnormalities of the aorta. The criterion
tandard identified 36 AAA (in the same 36 patients
dentified as “abnormal” by EUS); 31 of these patients
ere identified by RAD and 5 in the operating room. The
AD studies performed on this group were 28 CT scans,
nd one each of MRI, ultrasound, and aortography. There
ere two patients considered to have significant qualita-

ive abnormalities by the EM residents in whom AAA
as not diagnosed. In one patient the EUS diagnosis was

ortic dissection, which was confirmed by RAD, but a
ildly aneurysmal aorta of 40 mm was also identified on
T scan. In the second case, EUS correctly identified
large intraluminal clot,” but the measurement calipers
ere incorrectly placed so that the aortic diameter was
easured at 30 mm (Figure 2). The actual aortic diam-

ter was 45 mm by aortography. Subsequent quality
ssurance review of the images also demonstrated this
ortic diameter. EUS had a sensitivity of 1.0 for aortic
bnormality and 0.94 (95% CI 0.86–1.0) for AAA. Spec-
ficity was 1.0 (95% CI 0.984–1.0) for both endpoints.

Among patients with AAA who had both EUS and
AD, mean aortic diameter was 5.43 � 1.95 by EUS and

calipers misplaced to measure only 2.9 cm. The intraluminal
cian. The arrow marks the true anterior wall of the aortic
ith the
.35 � 1.83 by RAD. The measured values for aortic
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458 T. G. Costantino et al.
iameter for the 31 patients with both EUS and RAD are
hown in Figure 3. The mean discrepancy between EUS
nd RAD was 0.44 cm (95% CI 0.37–0.55 cm) and a range
f 0–1.5 cm. Linear regression of EUS on RAD diameters
evealed strong linear correlation (R2 � 0.92) with a linear
odel of EUSdiameter � 1.0222 � RADdiameter � 0.046

ignificant by F test p � 0.0001.
Five of the patients with AAA found on EUS had

emodynamic compromise and were taken to the oper-
ting room without RAD, where operative findings con-
rmed the presence of ruptured AAA in all five.

DISCUSSION

arious imaging modalities have been used to evaluate
or the presence of AAA. Cross-table lateral plain radio-
raphs were once the most widely used test to evaluate
or AAA, but are not sufficiently accurate for a poten-
ially catastrophic disease (11). Abdominal computed
omography (CT) is nearly 100% sensitive and specific
nd may also serve to identify alternative diagnoses. The
isadvantage of CT is expense, in terms of time, person-
el, and financial resources; and it necessitates the re-
oval of potentially unstable patients from the resusci-

ation area (12). Magnetic resonance imaging (MRI) has
o advantages over CT scan in the evaluation of AAA,
nd has additional logistical disadvantages, especially
ith unstable patients (13). Arteriography provides in-

igure 3. Range of aortic measurements. EUS is the measurem
s the measurement by the Department of Radiology (imagin
ormation about vascular anatomy, but is also cumber- c
ome. Its use has been relegated to selected stable pa-
ients. The accuracy of ultrasound in the evaluation of the
orta and AAA has been studied extensively in a variety
f ways. Ultrasound performed by radiologists has been
hown to measure AAA to within 3 mm of surgical
easurements (14). Accuracy has also been compared to
T scan with assessment of intra- and inter-observer

eproducibility (15–18).
In 1988, Shuman et al. investigated the accuracy of

ltrasound performed by radiologists who were called to
he ED by radio before the arrival of patients with
uspected acute AAA. They demonstrated that an “ab-
reviated” ultrasound examination at the bedside accu-
ately diagnosed AAA in most patients presenting with
ypotension, abdominal or back pain, and pulsatile ab-
ominal mass (19). They correctly identified 21 of the 22
atients who needed emergency surgery. This protocol
pproximated typical Emergency Medicine practice pat-
erns and answered the exigencies of this time-sensitive,
nstable, and potentially catastrophic disease.

Recent technical advances have improved the detail
nd resolution of ultrasound images whereas equipment
as become easier to operate, lighter, more mobile, and
ncreasingly affordable. As a result, ultrasonography has
een appropriated by increasing numbers of clinicians as
component of their practice domain. In EM, ultrasound
as the potential to provide real-time information about
nstable diseases at the bedside, concurrent with other

y Emergency Medicine resident-performed ultrasound. RAD
ies vary).
omponents of evaluation and resuscitation. Due to these
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Accuracy of EM Ultrasound for AAA 459
ualities, it has been advocated that practicing emer-
ency physicians should develop skill in EUS: the ability
o both obtain ultrasound images and interpret them at
he patient’s bedside (10). EUS seems particularly well-
uited to the evaluation of acute AAA, especially in view
f the practical impediments to obtaining timely ultra-
ound evaluation by ultrasound technicians and radiolo-
ists who are not present in most hospitals for most of the
68 h of the week. The intuitive benefits of rapid bedside
onographic diagnosis of AAA have been corroborated
mpirically (20). EUS of the aorta is listed as a “primary
pplication in emergency ultrasound” in the American
ollege of Emergency Physicians guidelines on this

opic (10).
Despite these developments, little is known about the

raining requirements necessary for emergency physi-
ians to attain proficiency in EUS. In 2000, Kuhn et al.
emonstrated that emergency physicians with only a
-day ultrasound course and 2 h of practice scanning
ould correctly identify the presence of AAA in patients
n the ED, resulting in improved accuracy, decreased
dditional diagnostic tests, and expedited transfer to sur-
ery (21). The present study extends these findings to
M residents, showing that they can be trained to per-

orm EUS with accurate recognition and measurement of
he aorta. The ultrasound training program consisted of a
elatively short dedicated rotation that included exposure
o a number of other focused emergency ultrasound
pplications.

In the present study, EM residents were able to iden-
ify clinically significant aortic abnormalities with a sen-
itivity of 1.0, confirming previous published reports of
igh sensitivity for sonographic identification of both
ortic abnormality and AAA. The sensitivity of 0.94
ound in this study for detecting AAA is not significantly
ifferent from that reported by Shuman (0.97, 95% CI
ot reported) and Kuhn (1.0, 95% CI 0.87–1.0) and
ayal (1.0, 95% CI 0.895–1.0) (19,21,22).

Because the likelihood of aortic rupture is propor-
ional to aortic diameter, accurate measurement is essen-
ial in determining whether an elderly patient’s abdom-
nal or back pain is due to acute AAA or some other
isease (23). In the present study, EM residents were
ble to measure aortic diameters to within 4.4 mm of
ther imaging studies. This degree of accuracy is con-
istent with numerous previous studies investigating the
ccuracy of measurement of the aorta by both CT scan
nd ultrasound. One such study, which examined the
ccuracy of radiologists, found that in more than 15% of
ases, an individual radiologist using CT and ultrasound
ad a � 5-mm discrepancy between measured maximal
ortic diameters as determined by ultrasound and CT
14). Several other studies have shown a variance in

ortic measurements of up to 10 mm when comparing
onographic measurements with CT scan, surgical find-
ngs, or a repeat ultrasound (15–17). These findings
omport with those of the present study, and confirm the
eliability of bedside sonographic measurements per-
ormed by resident emergency physicians.

Finally, this study confirms the accuracy of ultrasound
n a large group of patients with a lower prevalence of
isease than those investigated by Kuhn et al. (19). This
etting reflects typical emergency practice in which large
umbers of elderly patients are evaluated with non-
pecific abdominal and back complaints, many of which
re due to etiologies other than AAA. Despite the fact
hat specificity might have been anticipated to be low-
red in this milieu, this was not borne out by the data.

LIMITATIONS

o mechanism existed to determine if all eligible pa-
ients were enrolled, so it is uncertain what proportion of
atients who met the entry criteria was not enrolled. This
ay have led to selection bias. Our residents received
ore extensive training than may currently be the case in

he average Emergency Medicine residency program,
hich may limit extrapolation of these results to all EM

esidents. There may have been some input by attending
mergency physicians into EUS findings and this was not
pecifically controlled for, although we feel this did not
hange the resident measurements. Future prospective
tudies of this topic might investigate the results of EUS
n an intention to treat basis.

CONCLUSION

mergency Medicine residents with appropriate training
an accurately determine the presence of AAA. Similar
o previous investigations of ultrasound in the hands of
onography technicians and radiologists, EUS accurately
easures aortic diameter in patients with AAA.
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