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A ruptured abdominal aortic aneurysm (AAA) is one of the
most lethal conditions encountered in emergency medicine
practice. Even when a diagnosis is made rapidly in the emer-
gency department (ED) and the patient quickly is taken to the
operating room, mortality rates in excess of 70% are
reported.1,2 The rate of initial misdiagnosis or delays in diag-
nosis are reported to be 30-
60%;1-3 this further complicates
the care of these patients.
Despite recent advances in
diagnostic imaging modalities,
including bedside ultrasound
and helical computed tomogra-
phy (CT), misdiagnosis and
mortality rates remain high.
This is, in large part, due to the
frequency with which patients
with ruptured AAAs report
“atypical,” or non-classic
symptoms.

Classic teaching has been that
the patient with a ruptured AAA
presents with the triad of abdominal pain, hypotension, and a pul-
satile abdominal mass. In reality, this triad is present in fewer
than one-half of patients. Abdominal pain is present in only 70-
80% of these patients, hypotension in as few as 70%, and a pul-
satile abdominal mass in as few as 26% in some studies.1,2 In con-
trast, many patients will present with atypical symptoms and
signs, including isolated back or flank pain, testicular pain, groin
or thigh pain, gastrointestinal bleeding, or lower extremity neu-
ropathy. Patients also rarely present with evidence of peripheral
embolization or spinal cord ischemia. A particularly common mis-
diagnosis is renal colic because of the frequency with which these
patients present with flank pain and microscopic hematuria.
Diverticulitis is another common misdiagnosis because of frequent
left lower quadrant pain. Both of these misdiagnoses can be
avoided through the use of current radiological imaging studies.

The most common radiological imaging studies used in the
evaluation of patients with suspected AAAs are plain radio-
graphs, ultrasound, and CT scan. Plain radiographs of the
abdomen have limited utility in the diagnosis of AAAs. Although
they may demonstrate aortic calcifications and, therefore, sug-
gest the presence of an aneurysm, absence of calcifications can-

not exclude the diagnosis. Plain
films will miss approximately
30% of aneurysms. Further-
more, plain films cannot identi-
fy the presence or absence of
rupture. 

The use of bedside ultra-
sound by emergency physicians
has increased significantly dur-
ing the past several years.
Ultrasound is proving to be an
important adjunct in the rapid
evaluation of these patients. It
has excellent sensitivity for
detecting the presence of AAAs,
although it is insensitive for

detecting rupture. Nevertheless, the visualization of an
aneurysm by ultrasound in an unstable patient with abdominal
or back pain often provides enough evidence to justify emergent
surgery. 

CT has been the most common imaging study used to evalu-
ate patients with suspected AAAs. There are several advantages
to CT. Aneurysm size can be determined reliably, as can the
presence of rupture. Advanced generation “helical” CT scan
allows three-dimensional reconstruction of images, providing
excellent anatomic details for vascular surgeons in planning
surgery. However, the patient must leave the ED for a CT scan,
which is not feasible in unstable patients.

Patients who are found to have unruptured, asymptomatic
AAAs during a work-up of another medical disorder should be
referred to a vascular surgeon for elective repair. There is sig-
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nificant controversy regarding the optimal timing of elective
surgery. Follow-up and surgical planning should be discussed
with the surgeon and the primary care physician.

The AAA represents a “high-risk” clinical entity for emer-
gency physicians. Any elderly patient who presents to the ED
complaining of abdominal pain, back pain, or symptoms con-
sistent with renal colic or diverticulitis should be considered
to have a ruptured AAA until proven otherwise. Misdiagnosis
and delays in diagnosis are catastrophic. Emergency physi-
cians must maintain vigilance for this entity and obtain early
surgical consultation to achieve the best possible outcome for
these patients.

— The Editor

Introduction
Evaluation of abdominal pain in the elderly population can

be a challenging and time-consuming endeavor for the emer-
gency physician. Physicians who care for older patients are well

aware that patients older than ages 55-60 who present with a
complaint of acute abdominal pain often have serious intra-
abdominal pathology, with significant, associated morbidity and
mortality rates. One of the most lethal disease entities in this
patient population is a ruptured AAA. Mortality rates in excess
of 70% often are reported, even with rapid surgical
intervention.1,2 The frequency with which delays in diagnosis or
misdiagnosis occur (often in excess of 30%) further complicates
the care of these patients.1 Patients with suspected or document-
ed ruptured AAAs must be managed aggressively. Large bore
intravenous access should be obtained, and patients should be
volume-resuscitated if they are unstable. Blood should be sent
for type and crossmatch early in the patient’s presentation. A
vascular surgeon should be consulted immediately and operat-
ing room personnel should be mobilized rapidly. The prevalence
of AAAs can be expected to grow as the median age of our soci-
ety increases. Emergency physicians, therefore, must have a
heightened sense of awareness for this catastrophic disease.
Through familiarity with common and uncommon presentations
of AAAs, emergency physicians will be better able to improve
the outcome in elderly patients with ruptured or leaking AAAs.

Anatomy and Pathogenesis
The aorta enters the abdominal cavity at the level of the

12th thoracic vertebra. Intra-abdominal aortic branches include
the celiac trunk, superior and inferior mesenteric arteries, and
the renal arteries. The abdominal aorta then courses inferiorly
along the retroperitoneum and bifurcates into the common
iliac arteries at the level of the umbilicus. Most abdominal
aneurysms are located below the renal arteries. Many struc-
tures, including the intestines, ureters, nerves, and bony struc-
tures, are in close proximity to the aorta. The proximity of
these structures to the aorta is responsible for many of the
atypical symptoms associated with AAAs (e.g., renal colic,
gastrointestinal bleeding, neuropathy, etc.).3

The normal intra-abdominal aorta is approximately 2 cm in
diameter, and is considered aneurysmal if it is greater than 3
cm. An alternative definition that allows for anatomic variabil-
ity among patients is to define an aneurysm as anything
greater than 1.5 times the adjacent normal aorta. Most AAAs
are true aneurysms (i.e., they involve all layers of the vessel
wall; see Figure 1). There are three primary layers of the aortic
wall: the intima, the media, and the adventitia. The media is
composed of connective tissue components such as collagen,
elastin, and various enzymes. Increasing evidence suggests
that the pathophysiology behind AAA formation, expansion,
and rupture relate to the complex interplay between these
structural components and their degradation by matrix-degrad-
ing enzymes known as metalloproteinases.4 Atherosclerosis
was formerly thought to be the major risk factor for the devel-
opment of aneurysm formation. However, recent evidence
indicates that atherosclerosis plays a lesser role.5-8 The litera-
ture from the last several years indicate that increased metallo-
proteinase activity in the aortic wall leads to connective tis-
sue—especially elastin—breakdown and eventual aneurysm
formation.9,10 Hypertension is another contributing factor, as
elevated blood pressure places a greater burden on the colla-
gen once it is weakened by connective tissue degradation.11
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Prevalence, Natural History, and Mortality
The prevalence of AAAs increases with age. As the median

age of our population increases, emergency physicians will be
faced with this challenging disease with increasing frequency.
It is estimated that AAAs are four-fold as common and 10-fold
more fatal in men than in women.8,12 Women tend to develop
AAAs an average of 10 years later than their male counter-
parts. AAAs typically occur in the sixth and seventh decades
of life.12 The reported prevalence of AAA in men older than
age 65 ranges from 4% to 8%.9,13 The average age range at the
time of diagnosis is 65-70 years.14

The risk of rupture of an AAA is related to size, and the
risk dramatically increases as the aneurysm grows in diame-
ter. It should be emphasized, however, that small aneurysms
can and do rupture. For aneurysms less than 4 cm in diameter,
the yearly risk of rupture is about 0.5-1.0%. For AAAs of 4-5
cm in diameter, the yearly risk is 5-20%. For aneurysms
greater than 10 cm in diameter, the yearly risk of rupture is as
high as 60%. The rate of aneurysm expansion also correlates
with the aneurysm size. The rate of expansion usually is esti-
mated to be 3-5 mm per year, but there is individual variation.
Factors that increase the risk of expansion and rupture include
hypertension, tobacco use, and the presence of peripheral vas-
cular disease.15-17

Both morbidity and mortality are high in patients with an
AAA. It is estimated that rupture of an AAA leads to 10,000-
15,000 deaths annually in the United States—ranking AAA as
the 13th leading cause of death.18 Nearly 40% of patients die
before they reach the hospital.19 Several studies show an aver-
age mortality rate of about 80% for ruptured AAAs. High

morbidity and mortality rates in patients
undergoing emergent repair are attributable
to perioperative and postoperative compli-
cations, such as myocardial infarction
(MI), renal failure, and sepsis.20,21

Risk Factors
Several risk factors have been shown to

be associated with AAA formation. (See
Table 1.) These include male sex,
advanced age (mean age of diagnosis, 67
years) hypertension, tobacco use, and fami-
ly history.22 Patients with connective tissue
disorders such as Marfan’s disease are rare,
but are at high risk for AAA development.
Connective tissue laxity in these patients

leads to AAA development at younger ages than the classic
elderly AAA patient.23,24 Although chronic obstructive pul-
monary disease was once thought to be a risk factor, it seems
more likely that comorbid conditions, including hypertension,
tobacco use, and peripheral vascular disease, play a greater
role. There does appear to be a familial tendency for develop-
ment of AAAs. As many as 20% of first-degree relatives of
patients with an AAA also will have an AAA. The prevalence
of AAAs is higher in the brothers of patients with aneurysms,
with a concurrent prevalence as high as 25%. It has been pro-
posed that patients in this high-risk group undergo periodic
screening to detect aneurysm formation.25

Clinical Presentations
Unruptured Aneurysms. Unruptured abdominal

aneurysms represent a large portion of clinical presentations.
Unruptured AAAs may be asymptomatic or symptomatic.
Asymptomatic AAAs often are discovered during a routine
screening examination of the asymptomatic patient, or during
the work-up of a patient who presents with abdominal or back
complaints and eventually is diagnosed with an alternative
condition.26-29 It is important to note that the diagnosis of alter-
native conditions as the cause of the patient’s symptoms is
best left to a vascular consultant. In other words, any patient
with an AAA and symptoms possibly related to it should be
treated as if they have a rapidly expanding or ruptured AAA.
Surgical intervention may be needed to truly rule out whether
AAA is the cause of his or her symptoms.

Unruptured abdominal aneurysms may cause painful symp-
toms, and this usually indicates rapid expansion and impend-
ing rupture. Patients with symptomatic, unruptured AAAs typ-
ically present with abdominal, back, or flank pain. They also
may present with a sensation of pulsations in the abdomen or
abdominal “fullness.”27 It should be emphasized that isolated
back pain is a common presentation; therefore, the absence of
abdominal pain should not exclude consideration of an AAA.
Abdominal pain may be diffuse and poorly localized, or it may
be localized and simulate other intra-abdominal conditions,
such as cystitis, peptic ulcer disease, renal colic, and divertic-
ulitis. Symptoms may be vague and nonspecific. As renal colic
is the most frequent misdiagnosis for symptomatic AAA,
emergency physicians should have a high index of suspicion

Table 1. Risk Factors for the Development 
of Abdominal Aortic Aneurysm7

• Male sex
• Age older than 60 years
• Hypertension
• Tobacco smoking
• Coronary artery disease
• Marfan’s syndrome
• Ehlers-Danlos syndrome
• First-degree relative with AAA

Figure 1. Types of Aortic Aneurysms

Reproduced with permission from: LaRoy LL, Cormier PJ, Matalon TAS, et al. Imaging
of abdominal aortic aneurysms. AJR Am J Roentgenol 1989;152:785-792.
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for a rapidly expanding or ruptured AAA when evaluating
anyone older than age 55 years who presents with flank pain
and hematuria. These patients often are misdiagnosed by the
unwary physician with renal colic, despite the absence of any
prior history of nephrolithiasis. 

The physical examination in patients with AAAs is associ-
ated with a high percentage of both false-positive and false-
negative findings, and thus frequently can be misleading.
Patients without an AAA may be noted to have a pulsatile
aorta. Conversely, patients with an AAA may be noted to have
a completely normal abdominal exam. The aorta should be
non-tender in patients with asymptomatic AAAs. Tenderness
is indicative of either rapid expansion or rupture. Palpation in
asymptomatic patients can be performed without fear of pre-
cipitating rupture.30 Classically, it is taught that the abdominal
exam in patients with an AAA should be notable for the pres-
ence of a pulsatile, abdominal mass. However, small
aneurysms or aneurysms in obese patients may not be easily
detected. Further complicating matters, thin patients and
patients with tortuous aortas often are mistakenly diagnosed
with an AAA based on physical exam. The most clinically
useful aspect of the physical exam probably is the detection of
abnormal widening of the aortic pulsation.31 Although abdom-
inal palpation of the aorta has only a moderate sensitivity in
the detection of AAA, the sensitivity increases as the diameter
of the aorta increases. The sensitivity of physical exam is
reported to be 29% for AAAs of 3.0-4.0 cm in diameter, 50%
for AAAs of 4.0-4.9 cm, and 76% for AAAs of 5.0 cm or
greater.31 Other studies note an even higher physical exam
sensitivity.32

Abdominal bruits occur in approximately 10% of patients
with AAA. Pulses in the femoral region as well as the entire
lower extremity should be examined. Ilioaortic occlusive dis-
ease, a ruptured AAA, or aortic thrombosis may lead to dimin-
ished pulses. Physicians should, however, realize the limita-
tions of this part of the examination. Normal pulses do not
exclude the presence of an AAA.33 In one study, the presence
of abdominal or femoral bruits and the absence of femoral
pulses had no predictive value for the presence of AAAs.
Bruits may be caused by stenosis of renal or mesenteric arter-
ies. The performance of these physical exam maneuvers is
important in the detection of complications of an AAA; they
may lead to the discovery of other etiologies, such as renal
artery stenosis, but they do not seem to be helpful for the
detection of AAAs.28

Ruptured Aneurysms. It is estimated that approximately
40% of patients with AAAs present for the first time with frank

rupture of the aneurysm.34-36 Only a minority of patients with a
ruptured AAA will have been diagnosed previously with an
AAA.8 It is classically taught that patients with ruptured AAAs
present with abdominal pain and distension, a pulsatile abdomi-
nal mass, and hypotension. In reality, only 30-50% of patients
will present with this triad.37 Physicians should be wary of the
patient who presents with abdominal pain and reports a history
of diaphoresis and/or syncope. Abdominal pain and syncope in
the older patient represent a high-risk clinical encounter; this
presentation should be considered an AAA rupture until proven
otherwise. Early consideration and rapid evaluation of a sus-
pected AAA based on history may help minimize morbidity
and mortality. (See Table 2.)

AAAs also can present with acute onset of back or flank
pain, especially when associated with retroperitoneal rupture.
Hypotension initially may be absent when rupture occurs into
the left retroperitoneal space because hematoma expansion
may be contained by tamponade. Nearly 65-70% of patients
initially may be normotensive, presumably from this mecha-
nism.34 Retroperitoneal rupture is more common than
intraperitoneal rupture. Intraperitoneal rupture leads to rapid
hemodynamic deterioration causing most patients to die before
reaching the hospital. Retroperitoneal bleeding occurs in about
80% of cases, and typically causes back pain. Patients may
present in extremis from rapid bleeding or may present days to
weeks later with a chronic, contained retroperitoneal rupture.

There may be a delay in diagnosis of chronic, contained
ruptures due to consideration of more common diagnoses such
as herniated lumbar discs and renal colic. Patients with chron-
ic, contained ruptures may present with back pain due to ero-
sion into lumbar vertebral bodies; lower extremity neuropathy
due to impingement on peripheral nerves; and rarely, obstruc-
tive jaundice due to compression of biliary vessels.21 Thus,
some patients may present without a history of acute abdomi-
nal or back pain. Even when the pain is sudden and severe in
onset, the pain may radiate to the inguinal region, testicles, or
thigh, simulating renal colic.38,39 All of these presentations fre-
quently lead to misdiagnosis, with resulting increased morbidi-
ty and mortality.

Misdiagnosis
Misdiagnosis of ruptured AAAs is quite common, with

some studies reporting misdiagnosis rates as high as 60%.40-42

Patients who initially are misdiagnosed have almost twice the
risk of mortality as patients who are correctly diagnosed.8,20

Ruptured AAAs are well known for producing atypical symp-
toms and signs, which are responsible for the high rate of mis-
diagnosis. (See Tables 3 and 4.) The classic triad of abdomi-
nal pain, pulsatile abdominal mass, and hypotension is present
in fewer than 50% of patients.37 Only a minority of these
patients will have a known diagnosis of AAA when they pre-
sent with an acute rupture.42 As a result, many physicians will
tend to attribute the patient’s presentation to a more common
and perhaps more benign diagnosis. For example, hypoten-
sion may be attributed to sepsis,41 and not AAA rupture.
Because imaging modalities are accurate for the presence of
AAAs in patients, the key to avoiding misdiagnosis often is to
think of and look for AAAs in elderly patients being diag-

Table 2. History and Physical Exam Findings 
in Symptomatic AAA34

• Prominent, pulsatile aorta
• Abdominal bruit
• Unexplained hypotension or “sepsis” appearance
• Hematuria
• Signs of peripheral embolization (”blue toe syndrome”)
• Syncope
• Diaphoresis 
• Left lower quadrant abdominal mass
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nosed with renal colic, diverticulitis, appendicitis, pancreati-
tis, acute coronary syndromes, or musculoskeletal back pain.
None of the alternative diagnoses need treatment as aggres-
sive as that required for a ruptured AAA—so the worst diag-
nosis should be ruled out first in these patients.

Further confounding diagnostic efforts, many patients pre-
sent without acute abdominal pain. A large number of patients
will present with acute back pain, leading the unwary physi-
cian to make a diagnosis of musculoskeletal pain. Patients also
may present with acute flank pain. When the aneurysm com-
presses the ureter, the pain may radiate toward the groin and
also may be associated with microscopic hematuria, simulat-
ing ureterolithiasis. Indeed, renal colic is the most common
misdiagnosis in patients with ruptured or rapidly expanding
AAAs. An elderly patient who presents with symptoms that
are typical of renal colic should be considered to have a rup-
tured AAA until proven otherwise.

Ruptured AAAs also are frequently misdiagnosed as vari-
ous gastrointestinal disorders. Because abdominal pain from
AAAs often occurs in the left lower quadrant, patients often
are thought to have diverticulitis. Right lower quadrant pain
may lead the physician to make the diagnosis of appendicitis.
If an aortoenteric fistula forms, patients may develop gastroin-
testinal bleeding, which also may mislead the treating physi-
cian. The sudden nature of the pain may simulate a perforated
viscus. The severity of the pain may simulate pancreatitis.

Ruptured AAAs may be misdiagnosed as acute cardiac
conditions as well. Patients with a ruptured AAA may present
with syncope. As a result, these patients are sometimes misdi-
agnosed as having acute coronary syndromes or acute dys-
rhythmias. The additional presence of hypotension and/or
tachycardia also may mislead the treating physician into
believing the patient has an acute cardiac condition. However,
some patients may have both—an acute coronary syndrome
precipitated by acute AAA rupture. Hypotension from the
leaking AAA can cause acute coronary ischemia. Often the
acute MI will be diagnosed first, but patients complaining of
abdominal or back pain should have AAA rupture or thoracic
aortic dissection ruled out as a cause of their MI.

AAA also can cause neuromuscular symptoms and signs.
Expansion, rupture, or thrombosis of the aneurysm may cause
spinal cord ischemia in the T10-T12 region due to interruption
of blood flow to the greater radicular artery (artery of
Adamkiewitz).43 Patients rarely may present with a femoral
neuropathy caused by compression of the femoral nerve
against the iliopsoas muscle by retroperitoneal blood. This

may cause hip or thigh pain. Femoral nerve dysfunction also
may cause quadricep weakness, decreased sensation over
anteromedial thigh, and a diminished patellar reflex.44,45

Complications of Unruptured Aneurysms
Unruptured AAAs may be associated with several rare

complications that generally are relevant to the vascular sur-
geon during the operative repair. However, emergency physi-
cians should be aware of two specific complications that may
cause atypical presentations: peripheral embolization and gas-
trointestinal bleeding. 

Intramural thrombus within the aneurysm may cause
peripheral embolization and the “blue toe syndrome.” This
mechanism, surprisingly, may be responsible for up to 10% of
all peripheral emboli. Nearly 5% of patients with an AAA will
present with evidence of peripheral embolization.8 Any patient
who presents with embolic phenomenon should be evaluated
for the presence of an AAA. 

In some patients, erosion of an aneurysm into the intestines
may lead to massive upper or lower gastrointestinal (GI)
bleeding. It is important to note that some patients will present
with massive GI bleeding, but that others will have minimal
bleeding. Any patient with GI bleeding and a history of AAA
repair should be consulted and evaluated for aortoenteric fistu-
la as the cause. The duodenum is the area of intestine most
commonly involved, but this may occur at any point in the
gastrointestinal tract, including the esophagus. These “aortoen-
teric fistulas” usually occur following surgical repair of a rup-
tured AAA. Misdiagnosis and delays in diagnosis contribute to
the greater than 50% mortality associated with this complica-
tion.8,22 Treatment requires hemodynamic support for the
unstable patient and prompt surgical consultation for graft
replacement.

Radiological Evaluation
Plain Abdominal X-Rays. Plain films have been used for

years as an initial screening tool for the detection of many
abdominal diseases, including AAA. It is estimated that evi-
dence of an AAA is seen in 55-68% of plain x-rays.8 Calcifi-
cation of the aortic wall is the most common abnormality
found in plain radiographs. (See Figure 2, x-ray of AAA calci-
fications.) Physicians should remember, however, that the
outer rim of the aneurysm might not be calcified. Failure to
account for this may lead to an underestimation of aneurysm
size. The presence of a paravertebral soft-tissue mass and loss

Table 4. Common Misdiagnoses of AAA41

MISDIAGNOSIS PERCENTAGE

Renal colic 23%
Gastrointestinal bleed 13%
Diverticulitis 12%
Musculoskeletal pain 9%
Acute myocardial infarction 9%
Sepsis 7%
Other GI disorders 7%

(e.g., perforated viscus, 
appendicitis, pancreatitis)

Table 3. Atypical Presentations of AAA

• Flank pain mimicking renal colic
• Left lower quadrant pain mimicking diverticulitis
• Testicular pain
• Isolated back pain
• Groin/thigh pain
• Spinal cord ischemia
• Aortic thrombosis with embolization
• Lower extremity radiculopathy
• Gastrointestinal bleeding
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of the psoas or renal shadows are other abnormalities associat-
ed with AAA on plain radiographs. 

Advantages of plain radiographs include low cost and rapid
availability. The studies also can be obtained without requiring
the patient to leave the ED. The main disadvantage is the low
sensitivity. In addition, plain x-rays are unable to detect
aneurysm rupture and are unable to delineate detailed aortic
branch anatomy. Plain radiographs should be obtained in the
elderly patient with severe abdominal pain to evaluate for the
presence of other causes of intra-abdominal disorders (e.g.,
ruptured viscus, bowel obstruction). The presence of aortic
calcifications should strongly suggest the diagnosis, but their
absence also clearly does not exclude the diagnosis.46-50 Thus,

plain films are not indicated in patients
who are considered to have high suspi-
cion of AAA rupture unless ultrasound
or CT is not readily available.

Ultrasound. Ultrasound has been
used to detect AAAs for many years.
Ultrasound scanning for AAAs is rapid,
highly sensitive, inexpensive, noninva-
sive, and relatively easy for even an
inexperienced user to perform. Ultra-
sound appears to have a strong role as
an adjunctive imaging modality in the
diagnosis of AAA. It can be used as a
screening tool in patients who are con-
sidered to be high-risk and in patients
who present with symptoms that are
compatible with an AAA. Recently, an
increasing number of EDs and emer-
gency medicine residency programs
across the country have been using
ultrasound for the detection of AAAs.
In one study, interpretation of 68 total
scans was 100% accurate in the detec-
tion of AAAs.51 In another, similar

study, 31 of 32 patients were correctly identified as having an
AAA. In the study, rapid, bedside ultrasound was performed
by ultrasonographers who were readily available to the ED.52

Evidence is mounting that even relatively new ultrasound
users can accurately identify AAAs.51 In addition to its speed
and ease of use, ultrasound also is desirable because it can be
performed at the patient’s bedside and will not interfere with
ongoing resuscitative efforts. Ultrasound also is very accurate
for measuring the size of the aneurysm. (See Figure 3, ultra-
sound of AAA.)

Although ultrasound has excellent sensitivity for detecting
the presence of an AAA, it has poor sensitivity for detecting the
presence of rupture. Difficulty with obtaining adequate images

in obese patients or in patients
with excessive bowel gas is
another drawback of ultrasound.
Other vascular structures adja-
cent to an AAA and the detailed
aortic branch anatomy, both
important to vascular surgeons,
also are not visualized.51-55

Despite these limitations,
however, performance of rapid
bedside ultrasound is becoming
more common in the evaluation
of elderly patients who present
with abdominal, back, or flank
pain. Ultrasonography serves as
an excellent screening test for
patients with a suspected AAA.
Demonstration of an aneurysm
by ultrasound in the hypoten-
sive patient with abdominal
pain often is enough to prompt

Figure 3. Longitudinal and Transverse Sonograms 
of an Abdominal Aortic Aneurysm

A, Longitudinal. B, Transverse. 
The markers denote the outside of the aneurysm wall. The central patent lumen is surrounded 
by echogenic mural thrombus. (Courtesy of Dr. Richard Renslo.)
Reprinted with permission from: Bessen HA. Abdominal aortic aneurysms. In: Rosen P, ed.
Emergency Medicine: Concepts and Clinical Practice. 4th ed. St. Louis: Mosby; 1998.

Figure 2. Anteroposterior and Lateral Views of Large Aortic
Aneurysm with Calcification of the Aortic Wall

A, Anteroposterior view. B, Lateral view. 
Reprinted by permission of the Mayo Foundation from: Spittell JA Jr, Wallace RB.
Aneurysms. In: Juergens JL, Spittell JA Jr, Fairbairn JF II. Peripheral Vascular Diseases.
5th ed. Philadelphia, PA: W.B. Saunders; 1980:415-439.

A B
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rapid mobilization of the operating team and an emergency
surgery. Early bedside ultrasound, therefore, should be used
when it is available for all patients with AAA risk factors who
present with either abdominal or back pain and hypotension, or
in stable patients with unexplained abdominal or back pain.54

Computerized Tomography. Abdominal CT scanning is
the most reliable diagnostic modality for detection of an AAA.
(See Figure 4, CT of AAA.) It is highly sensitive for detecting
aneurysms (nearly 100%) and rupture (> 90%). In most cen-
ters, it is easy to obtain as well. There are many other advan-
tages to using CT scanning in patient management. Recent
technological improvements in abdominal CT scanners have
made them very fast. These new “helical” CT scanners can
provide three-dimensional reconstruction of images, allowing
vascular surgeons to see detailed anatomy and involvement of
aortic branches.55,56 Problems inherent to ultrasound, such as
interpreting abnormalities in the presence of excessive bowel
gas, do not exist with CT scanning. 

There are, however, several disadvantages to using CT for
the detection of an AAA. CT is more expensive than plain
radiography or ultrasound. Accurate delineation of aortic
branch involvement requires administration of intravenous
contrast material, with the inherent risk of contrast nephrotoxi-
city and allergic reactions to the dye. CT also can produce
false-negative results. Case reports of patients who had scans
that showed no rupture or hematoma but who later decompen-

sated from a ruptured AAA are scattered through-
out the vascular surgery literature.57 Thus, with
these patients in mind, all patients with sympto-
matic AAAs but no evidence of rupture on CT scan
should have emergency consultation by a vascular
surgeon. Surgical intervention may be required to
truly rule out AAA rupture. Perhaps the greatest
disadvantage to performing a CT scan on the
patient is that it requires the patient to physically
leave the ED and travel to the radiology depart-
ment or CT suite for the study. The patient, there-
fore, must have relatively stable vital signs before
transport. Ideally, the patient also should be
accompanied by a physician or experienced nurse
with monitoring and resuscitation equipment.
Despite this risk, CT scanning still is the most
commonly used diagnostic modality for detection
of an AAA, detection of rupture, and preoperative
planning.55,57

Angiography. Angiography has been a tradi-
tional imaging modality performed by vascular
surgeons for years, but it is not a useful screening
tool in the ED. Angiography provides good
anatomic detail, and is helpful in the evaluation of
aortic branch involvement and surgical planning.
However, angiography has several drawbacks.
This modality has a sensitivity for detection of
aneurysm and rupture less than that of CT (80-
90%). Because mural thrombus formation is com-
mon in patients with an AAA, angiography can
underestimate aortic diameter. Other disadvantages
include the high cost, the invasive nature of the

procedure, a long set-up time, and the risk of contrast nephro-
toxicity and allergic reactions.3,8,47

Magnetic Resonance Imaging. Magnetic resonance imag-
ing (MRI) is an accurate imaging modality for the detection
and evaluation of AAAs. The sensitivity of MRI for detecting
aneurysms approaches 100%, and the accuracy for detecting
rupture also is greater than 90%.8 Furthermore, MRI is report-
ed to be superior to ultrasound and CT for detection of aortic
branch vessel involvement and for detection of visceral
involvement.42 MRI is noninvasive and exposes the patient to
no ionizing radiation or contrast dye.

There are several important disadvantages to the use of
MRI for evaluation of the suspected AAA. As with CT,
patients must be transported out of the ED to the MRI suite for
the study, making MRI impractical in the unstable patient. In
addition, the study takes significantly more time to perform
than either ultrasound or CT. Claustrophobic patients require
sedatives to tolerate the procedure. These medications may
compromise an already tenuous blood pressure. MRI also is
significantly more expensive than other imaging studies, and is
less widely available. Finally, patients who have implanted
metallic objects (e.g. pacemaker, surgical clips) or are con-
nected to metallic monitoring equipment cannot be imaged.
From a practical standpoint, the use of MRI generally is
reserved for the stable outpatient undergoing preoperative
evaluation for elective repair of an AAA.42,58

Figure 4. CT Scan of a Ruptured Abdominal Aortic
Aneurysm with Calcification of the Aortic Wall 
and Intraluminal Thrombus

The patent lumen enhances with contrast but the periaortic hematoma (see
arrow) does not. (Courtesy of Dr. Richard Renslo.) 
Reprinted with permission from: Bessen HA. Abdominal aortic aneurysms. In:
Rosen P, ed. Emergency Medicine: Concepts and Clinical Practice. 4th ed. St.
Louis: Mosby; 1998.
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Management 
Patients who present with acute onset of back, flank, or

abdominal pain should have a rapid bedside ultrasound (if
available). If an aneurysm is detected by ultrasound in such a
patient, the patient should be assumed to have a ruptured AAA
and a vascular surgeon should be consulted immediately.
Patients with a previous, known history of an AAA with suspi-
cious symptoms also should be assumed to have a ruptured
AAA. In EDs that do not have available rapid bedside ultra-
sound, patients with stable vital signs and no obvious evidence
of an abdominal aneurysm by physical exam may be sent for
radiographic imaging (e.g., abdominal CT). The patient should
receive continuous monitoring, have well-established intra-
venous access, and have airway equipment nearby in case dete-
rioration ensues. Physicians should consult a vascular surgeon
as soon as strong clinical suspicion of an AAA is entertained,
even before diagnostic imaging has confirmed the diagnosis.

Ruptured Aneurysms. Management of the patient who
presents with a ruptured AAA often begins in the prehospital
arena. Paramedics may arrive on the scene and obtain informa-
tion regarding a previously known diagnosis of an AAA. For
symptomatic patients with a known history of an AAA, or for
patients with a pulsatile distended abdomen, hypotension, and
abdominal or back pain, a vascular surgeon should be notified
immediately and operating room personnel should be mobi-
lized. This prehospital alert allows ED and operating room
staff to be ready for the patient’s arrival.

Treatment in the ED should begin with rapid assessment of
the airway and respiratory status. Supplemental high-flow
oxygen should be administered to maintain good arterial satu-
ration. Early stabilization of the airway with intubation is war-
ranted in patients who are rapidly decompensating. Two large
bore intravenous lines should be obtained, and blood should be
typed and cross-matched for at least 10 units of blood. Rapid
measurement of hematocrit and other preoperative labs should
be performed. Intravenous fluids and blood, when available,
should be administered to maintain a sufficient blood pressure.
Adequate blood pressure will be different in each patient, and
should be measured clinically by signs of end organ perfusion.
Goals include maintenance of mentation and prevention of
cardiac ischemia. Lower blood pressures are advantageous as
less bleeding will occur from the aneurysm, whereas higher
pressures will increase blood loss. Unstable patients should be
rapidly transported to the operating room without delay. It is
both unwise and dangerous to transport hemodynamically
unstable patients to the CT suite in cases in which the diagno-
sis is fairly certain. Unstable patients have an increased mor-
tality rate when surgery is delayed for preoperative testing.22,59

Hemodynamically stable patients with suspected ruptured
or expanding AAA generally are diagnosed definitively with
an imaging study before operative repair. However, a vascular
surgeon should be notified promptly so that arrangements can
be made for immediate surgical repair. This surgical consulta-
tion should be made as soon as the diagnosis is strongly con-
sidered, even before definite diagnosis is made. Physicians
should not be reassured by temporary hemodynamic stability;
these patients can deteriorate rapidly, and should be treated as
potentially unstable. 

Unruptured Aneurysms. Many patients present to the ED
or a physician’s office and are found to have asymptomatic
AAAs that are detected by radiographic imaging during the
evaluation of another complaint. Patients with asymptomatic
AAAs can be referred to a vascular surgeon and their primary
care physician for close follow-up. Strict instructions about
warning signs that should prompt emergent return to the ED
should be given. Other patients are found to have unruptured
aneurysms during the evaluation for abdominal or back pain or
urologic complaints. Proper management involves urgent con-
sultation with a vascular surgeon. As no test is 100% accurate
for identification of rupture or leak in an AAA, all sympto-
matic AAAs should be treated carefully. Evidence of rupture
may not be found until the time of surgery, and the vascular
surgeon needs to be involved in patient care at an early stage.
Unruptured aneurysms that are considered to be expanding are
treated very differently than asymptomatic, unruptured
aneurysms. The decision to surgically repair the aneurysm
generally is based on the aneurysm size and the patient’s
symptoms. Because of the presence of other comorbid medical
problems such as coronary artery disease and obstructive lung
disease, further preoperative testing may be necessary. 

Controversy still exists regarding the size of the aneurysm at
which elective surgical repair is indicated.50,53 Some surgeons
advocate early repair for even small aneurysms (3-5 cm) based
on the probability that they will increase in size and eventually
rupture. They argue that waiting until the aneurysm grows in
size is associated with greater surgical risk because of the
increase in the patient’s age.60 Others argue that these patients
should be followed with serial ultrasound examinations; elec-
tive repair should occur when the aneurysm diameter is 5-6 cm,
if acute expansion is suspected, or if the patient develops symp-
toms.61,62 Most aneurysms have an average expansion rate of 3-
5 mm per year.15 The timing of surgery generally is left to the
discretion of the consulting vascular surgeon.

Surgical Repair
Most patients who are found to have ruptured aneurysms or

rapidly expanding aneurysms will undergo open abdominal
repair, which involves cross clamping of the aorta and interpo-
sition of a vascular graft. Mortality estimates vary, but the risk
of death with emergent surgical repair generally is estimated to
be approximately 50%.63 One study found intraoperative mor-
tality to be 21% and overall mortality to be 57%.36 Factors
related to an increased mortality were age, severity of initial
shock, amount of blood transfused, and location of rupture.
Although surgeons traditionally have used open abdominal
aneurysm repair, endovascular repair is becoming more com-
mon and has a growing role in patients who are very unstable
or have many comorbid medical conditions.64-66

Complications of Surgical Repair. Although the estimat-
ed five-year survival rate after repair is approximately 75%,
patients may present weeks, months, or years after repair with
certain complications of which physicians should be aware.67

Patients may present with new aneurysm formation. The most
common site tends to be above the level of the repair.

Patients also may present with graft infection. This should
be suspected in patients who recently have undergone repair
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and who present with fever and/or sepsis. This entity has a
high mortality rate without prompt recognition and treatment.
Antibiotic therapy aimed at the most common pathogen,
Staphylococcus epidermidis, and prompt graft excision are
required.

One of the most dreaded complications is the development
of an aortoenteric fistula. This complication occurs due to graft
erosion into a portion of the gastrointestinal tract and mani-
fests as gastrointestinal bleeding. Bleeding can be minimal or
extensive. Aortoenteric fistula should be strongly suspected in
patients who have undergone repair that present with any
upper or lower gastrointestinal bleeding.46 The fistula usually
involves the duodenum, but may involve any part of the gas-
trointestinal tract, including the esophagus. Treatment requires
initial supportive care followed by emergent graft replace-
ment. Long-term survival for these patients, even after opera-
tive repair, is poor.22,62,67

Future Treatment
Research in the last several years has shown that the forma-

tion and rupture of AAAs is related to connective tissue degra-
dation by normal tissue enzymes called metalloproteinases. An
interesting approach to the prevention and treatment of AAAs
is the use of medications that inhibit these degradative
enzymes found in the aortic wall. Doxycycline currently is
being investigated for use in the prevention of AAA growth
and expansion. This medication is thought to work by inhibit-
ing metalloproteinase mRNA synthesis.68 Data from animal
studies, human tissue experiments, and limited human studies
show that treatment with doxycycline may benefit patients.
One recent study found that patients pretreated with doxycy-
cline before operative repair of established AAAs had
decreased metalloproteinase production and activity as mea-
sured in their postoperative AAA tissue samples.68 Prospec-
tive, randomized clinical trials are needed to clarify the role of

doxycycline and other similar medications in the early treat-
ment of AAAs.

Risk Management Issues
AAAs represent a “high-risk” clinical entity for the emer-

gency physician. That is, the ruptured AAA is one of the few
presentations in emergency medicine in which prompt recog-
nition and treatment can be associated with a good outcome,
whereas failure to diagnose or delays in diagnosis have cata-
strophic results for the patient. In terms of medicolegal risk to
the emergency physician, a study showed that failure to diag-
nose (or delays in diagnosis of) AAA represents 3% of all
money paid out by emergency physicians and 2% of total
claims.40 Table 5 lists key points that emergency physicians
should remember to minimize both risk to the patient and mal-
practice risk.

Summary
As our population ages, we can expect vascular emergen-

cies such as AAAs to become increasingly common. Ruptured
AAAs are associated with a significant morbidity and mortali-
ty. Delays in diagnosis and misdiagnosis contribute signifi-
cantly to poor outcome. Only sound knowledge of both the
common and the atypical presentations of AAAs will increase
the likelihood of early diagnosis. Bedside ultrasound is being
utilized increasingly to aid in early diagnosis of this deadly
entity. 

Treatment of the patient with a symptomatic or ruptured
AAA requires aggressive supportive care. Large bore intra-
venous lines should be placed and blood should be typed and
crossmatched. A vascular surgeon should be consulted as soon
as the diagnosis is strongly suspected. Prognosis is dependent
on rapid surgical repair.

Debate exists regarding the optimum timing of surgical
repair in patients with asymptomatic, incidentally found
AAAs. Proper management, whether as an inpatient or outpa-
tient, should be coordinated with the consulting vascular sur-
geon and the patient’s primary care physician.

Recent advances have been made in surgical repair tech-
niques for symptomatic AAAs, as well as in possible medical
treatments for asymptomatic AAAs. For now, however, the
best possible patient outcome remains in the hands of emer-
gency physicians. Only through prompt recognition, aggres-
sive supportive treatment, and early surgical consultation can
these patients’ lives be preserved.
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Physician CME Questions
26. What percentage of patients with proven AAA present with 

urologic complaints?
A. 1%
B. 2%
C. 10%
D. 40%
E. 80%
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Emergencies in children with chronic renal failure (CRF),

although uncommon, represent a special clinical entity that

requires rapid recognition and appropriate management by the

emergency physician.
The challenge with these children is to identify both

reversible causes of chronic

renal failure which— if left

untreated—will further compro-

mise their renal function, and

potentially life-threatening con-

ditions that require immediate

interventions.Current practices and recom-

mendations regarding manage-

ment have changed significantly

during the past few years. For

example, intravenous or inhaled

albuterol has been shown to be

an effective, rapid, and safe

treatment for moderate hyper-

kalemia in children.Appropriate management of these emergencies requires a

knowledge of the basic pathophysiology and treatment regimens

currently being used for children with CRF, since many of these

emergencies may be treatment-related.

Emergency department (ED) physicians must be familiar

with advances in dialysis techniques and indications as well as

complications that may be associated with the use of this tech-

nology. In addition, the increasing use and success of renal

transplantation has created a subgroup of pediatric patients

with special needs that must be identified and met in the ED.

Each child with chronic renal failure presenting to the ED

should be carefully evaluated and final disposition made in con-

junction with the nephrologist.
— The Editor

IntroductionChronic renal failure (CRF)

is defined as an irreversible and

progressive reduction in the

glomerulofiltration rate (GFR)

to below 25% of normal level

(decline of 30 mL/min/1.73 m²)

for at least three months. 1
Crea-

tinine clearance (CCr) is a good

indicator of GFR and is helpful

in monitoring renal function of

children in various age groups.

(See Table 1.)The estimated incidence of

CRF ranges from one to three children per million in a popula-

tion younger than 16 years of age. Complications of CRF vary

with the degree of renal insufficiency and the nature of primary

renal disease. In children younger than 5 years, congenital renal

diseases, such as renal hypoplasia, renal dysplasia, and obstruc-

tive uropathy, are the most common cause of CRF. 2
In older

children, hereditary diseases, metabolic diseases and acquired

etiologies occur more frequently. Hereditary diseases include

juvenile nephritis, cystic kidney, and Alport syndrome. The

most frequent metabolic causes are cystinosis and oxalosis, and
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Death from submersion incidents is th
e second leading cause

of accidental death in children, with one-third of all survivors

sustaining significant neurological damage.1
-3 The exact per-

centage of the vast number of minor submersion incidents that

result in a lethal outcome is controversial. A 1977 study in

South Carolina reported that at least 15% of school children

had at least one submersion incident during the prior year.
4

With a reported drowning rate of 7.4 per 100,000 in that state,

the authors calculated that at

least one-half million incidents

per year occurred that presented

a serious risk of drowning in

South Carolina alone. This arti-

cle presents a review of the types

of submersion injuries, manage-

ment strategies, and ways to

prevent these occurrences.

— The Editor

Introduction

Every year, drowning claims between 6000 and 8000 people

in the United States.
5 Most of these victims are young, under the

age of 24.6 (See Table 1.) Drowning is the second largest cause

of injury-related death in people of this age group, and it is t
he

third leading cause of death for 1- to 15-year-olds. At all ages,

boys will drown three times more often than girls. M
ost drown-

ings occur within 10 feet of safety, and two-thirds of the victims

cannot swim.7 Boating accidents and floods are other well-

known scenarios of drowning. 

Adolescents (or parents) using alcohol and drugs not only are

at increased risk of drowning themselves, they also increase the

risk of those around them.8 Whether impaired judgment or loss

of self-protective reflexes is at fault is m
oot. The use of other,

more illicit drugs is th
ought to play a relatively major role in

drownings, but again, the true incidence is not known.

Since all water-related activities increase with warm weather,

the incidence of drownings will naturally increase in warmer

climates and weather. Drowning is a problem in all states,

including the arid desert states.
9

The most common sites of

drownings include home swim-

ming pools, bathtubs, and open

bodies of water. 

About 6% of drownings may

represent child abuse or

neglect.
10-12 In one study, as

many as 67% of bathtub submer-

sion incidents were found to

have a history consistent with

abuse or neglect.
13 Bathtubs are

the usual site of drowning in children younger than 1 year of age.1
4

Definitions

In order to discuss the circumstances of submersion injuries, a

uniform terminology is needed. The following terms are fre-

quently used and have been adapted from Modell and others.
15

Drowning. Drowning is suffocation by submersion in a

fluid, whether or not the fluid is aspirated into the lungs. This is

considered the cause of death if the death occurs within 24

hours of the insult.
16

Pediatric Submersion Injuries
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Though it occurs infrequently, intussusception must be con-
sidered as a possible cause of abdominal pain in the pediatric
age group. Since most children with intussusception are
younger than 1 year of age and non-verbal, the clinician must
maintain a high index of suspicion for this entity in any infant
who presents with vomiting, irritability, and/or lethargy. It is
the most common cause of intestinal obstruction in children
between 3 months and 6 years of
age.1 Intussusception is defined
as an invagination or telescop-
ing of a segment of intestine into
an adjacent portion of bowel.
The goal of the examining physi-
cian is early and accurate
recognition of this condition,
since a misdiagnosis or delay in
diagnosis may result in the need
for surgical reduction or intesti-
nal resection.2

Intussusception is a true
pediatric emergency that may
pose a diagnostic challenge for
even the most experienced physician. Unfortunately, a thorough
physical exam and plain abdominal radiographs often do not
provide sufficient information to reliably eliminate this disease
entity from the differential diagnosis of pediatric abdominal
pain. The diagnosis and management of intussusception has
evolved over time as surgeons and radiologists attempt to
improve the accuracy of diagnosis and the ease and effective-
ness of reduction.3 All physicians caring for infants and chil-

dren should maintain a high level of suspicion for intussuscep-
tion as a cause for pediatric abdominal pain.

— The Editor

Epidemiology
Intussusception has been recognized for hundreds of years,

but was not accurately described until 1793, when John Hunter
described an ileocolic intussus-
ception in a 9-month-old infant
at autopsy.4 While most studies
examining the prevalence of
intussusception are more than
30 years old, the rate constantly
varies between 1.5 and 4.3
cases per 1000 live births.5

Most recently, approximately
2.4 cases per 1000 live births
was reported in the United
States.5 There also may be
annual or seasonal fluctuations
secondary to environmental
influences, but this finding has

not been consistently supported in the literature.6

The condition can occur at any age, but it is estimated that
more than 50% of cases present in children younger than 1 year
of age, and most commonly between those 5 and 9 months of
age.2,5,7 Fewer than 10% of cases occur in children older than 5
years of age. Intussusception has been reported neonatally and
prenatally as a cause of intestinal atresia.8 There is a 2:1 male
predominance ratio.9 The literature has not supported any famil-

Intussusception in Childhood
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27. The most predictive physical exam finding for the presence of an
AAA is:
A. palpation of a pulsatile mass.
B. abnormal widening of the aortic pulsation.
C. decreased or loss of femoral artery pulsations.
D. abdominal bruit.
E. peripheral emboli.

28. The most common site of new aneurysm formation after repair is:
A. below the graft site.
B. at the graft site.
C. above the graft site.
D. in the common iliac arteries.
E. in the thoracic aorta.

29. A patient presenting with gastrointestinal bleeding two months
after repair of an AAA should be assumed to have which of the 
following?
A. Postoperative stress ulcer
B. Gastritis
C. Aortoenteric fistula
D. Colonic arteriovenous malformation
E. Malignancy

30. The presence of fever of unclear etiology in a patient who has
recently undergone repair of an AAA should be considered to have
what until proven otherwise?
A. Urinary tract infection
B. Meningitis
C. Graft infection
D. Osteomyelitis

31. Which one of the following has recently been found to contribute
to aneurysm formation and growth? 
A. Atherosclerosis
B. Metalloproteinases
C. Tobacco use
D. Hypertension
E. Hypercholesterolemia

32. Which one of the following advantages to using ultrasound in the
detection of AAAs is most important in the unstable patient?
A. Better visualization of the retroperitoneum

B. It does not interfere with resuscitative efforts
C. Availability
D. Cost
E. Lack of radiation

33. The most common misdiagnosis of patients with AAA is:
A. diverticulitis.
B. renal colic.
C. appendicitis.
D. musculoskeletal strain.
E. peptic ulcer disease.
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Correction
A portion of the text from the December 2000 (vol. 1, no. 12)

issue of Geriatric Emergency Medicine Reports (GEMR) also
appeared in the Sept. 25, 2000, issue of Emergency Medicine
Reports, GEMR’s sister publication. The reference for the GEMR
article was inadvertently omitted. The GEMR article was written
by Scott T. Wilber, MD. Dr. Wilber is Assistant Professor of
Emergency Medicine, Northeastern Ohio Universities of Medi-
cine, Associate Director, Emergency Medicine Research Center,
Summa Health System, both in Akron. We apologize for the over-
sight and any inconvenience this may have caused.   ■
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