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Abstract

Superior Mesenteric Artery Aneurysms (SMAAs) are a rare type of Visceral Artery Aneurysm (VAA) in the abdomen; aneurysms
in this region are most often abdominal aortic aneurysms. In this report, we discuss the case of a 52-year-old male brought in by
ambulance for a 3-day history of severe abdominal pain radiating to the back. CT imaging of the abdomen confirmed a superior
mesenteric artery aneurysm approximately 7 cm in diameter. He was subsequently hospitalized, and endovascular repair of the
aneurysm was performed. We explore the diagnosis, treatment, and outcomes of superior mesenteric artery aneurysms in general

and as related to our patient.

Introduction

A true aneurysm is a dilation of all three layers of the blood
vessel which include the tunica intima, tunica media, and tunica
externa. A pseudoaneurysm, also known as a false aneurysm, is
a rupture of the tunica intima and media layers of a blood vessel
that usually causes leakage of blood into surrounding tissue. A
dissection is a separation within the blood vessel wall due to blood
entering through a tear in the intima layer [1]. This case revolves
around the superior mesenteric artery, which is a branch of the
aorta that supplies the small intestine to the splenic flexure of the
large intestine [2]. In addition, visceral artery aneurysms include
aneurysms of the celiac, mesenteric, hepatic, splenic, and renal
arteries. Therefore, superior mesenteric artery aneurysms are a
subset of visceral artery aneurysms.

There are numerous risk factors that can lead to an aneurysm.
These risk factors primarily involve some form of injury to the

arterial vessel wall. Damage to the vessel wall may range from
direct trauma to chronic conditions such as atherosclerosis, in
which the high serum levels of cholesterol or glucose damage the
elastic fibers of arteries and lead to stiffening [3]. Rarer conditions
that involve non-inflammatory, non-atherosclerotic obstructive
arterial disease, such as fibromuscular dysplasia, affect mid-size
arteries that lead to severe narrowing of the arterial lumen [4].
Connective tissue disorders such as Ehlers-Danlos syndrome may
also weaken the collagen fibers in the tunica intima layer of arteries
leading to aneurysm and rupture [5]. Furthermore, infection
can weaken a vessel wall due to hematogenous spread of septic
emboli, causing a mycotic aneurysm. Pathogens can spread to the
vasa vasorum of an artery and cause infectious arteritis. Patients
at higher risk of bacterial infection, including those with cardiac
valvular abnormalities or prosthetic valves, intravenous drug
abuse, and immunosuppressed conditions such as HIV infection are
more prone to aneurysm development and rupture [6]. In addition,
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there have been case reports on vasculitis as a potential instigator
of visceral artery aneurysms as well. One case report discussed a
67-year-old woman with an ANCA-positive vasculitis of the anti-
PR3 subtype who demonstrated multiple visceral abdominal
aneurysms, particularly in the inferior and superior mesenteric
arteries [7].

Visceral artery aneurysm diagnoses are becoming more
common with the implementation of radiological imaging such
as ultrasound, Computed Tomography (CT) scan, and Magnetic
Resonance Imaging (MRI). However, visceral artery aneurysms
are overall rare; in contrast, approximately 95% of all abdominal
aneurysm are aortic or renal in nature [8]. Superior mesenteric
artery aneurysms, or SMAAs, are even more rare and are estimated
at making up 3-9% of all visceral artery aneurysm cases [8]. Due
to the rare nature of SMAAs, the understood causes of SMAAs are
changing. Previously, an estimated 60% of SMAAs were thought to
be due to mycotic causes; however, recent research suggests that
vascular wall degeneration, inflammation of surrounding arteries
from pancreatitis, and trauma are more likely the cause [8,4]. SMAA
rupture is also high at 38-50% with a high chance of mortality,
which is the reason immediate surgical intervention is usually
indicated for patients instead of monitoring the aneurysm first.
SMAA symptoms include but are not limited to severe abdominal
pain, nausea, vomiting, bloody bowel movements, constipation, and
a pulsating mass in the abdomen. In this case report, the patient
presented with several of these nonspecific symptoms which led
the care team to first consider abdominal aortic aneurysm.

As SMAAs are rare, abdominal aortic aneurysms are often
initially suspected due to its more common occurrence. Abdominal
aortic aneurysms, or AAAs, are defined as abdominal aortic dilation
of 3cm or greater. AAAs with a dilation of greater than 5cm are
indicated for surgery. AAAs have a much higher incidence in males
with an estimated incidence of 4-7% in men compared to 1% in
women [9]. Other risk factors for AAA include age greater than 65
years old, smoking, hypertension, hypercholesterolemia, obesity,
arterial disease such as atherosclerosis and coronary artery
disease, history of other vascular aneurysms, as well as a family
history of AAAs [10]. Factors that decrease the likelihood of an AAA
include African American race, Hispanic ethnicity, and diabetes.
The majority of AAAs are asymptomatic and are found incidentally
on abdominal imaging such as with ultrasound or CT angiography.
Symptoms classically associated with AAAs include abdominal pain
with radiation to the back [11].

In this paper, the patient’s case details will be presented along
with a discussion of the patient’s rare superior mesenteric artery
aneurysm and complications.
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Case Details
Patient Details

The patient was a 52-year-old Spanish speaking male who
was brought in by ambulance to the emergency room with a
three-day history of severe abdominal pain radiating to the back.
Patient denied pertinent past medical and surgical history. He had
a positive urine test for methamphetamines despite his denial of
drug or alcohol use. The patient also reported smoking cigarettes
daily, while the pack year history was unknown. The patient was
noted to be without permanent housing, and overall, the history
was limited due to a language barrier and the patient being a poor
historian.

Case Presentation

The patient was brought in by ambulance for severe abdominal
pain thatstarted three days prior. The pain was getting progressively
worse and was located mainly in the epigastrium with radiation
to his back. The patient also felt nauseous and had vomited one
day prior but had not vomited on the day of presentation. He did
not notice blood in the vomit. The patient denied chest pain or
shortness of breath. The initial differential diagnoses upon arrival
to the ED included pancreatitis, gastritis, or perforation.

Physical Examination and Other Investigations

The patient was hypertensive in the 180-190s en route to
the hospital per the EMS. After arriving at the ED, the patient’s
vital signs were taken: temperature of 98.4°F (36.9°C), heart rate
of 65 bpm, respiratory rate of 28 breaths per minute, and blood
pressure of 176/94 mmHg. Gastrointestinal examination revealed
soft, moderate to severe epigastric tenderness with guarding. The
patient’s lungs were clear to auscultation, and his respirations
were non-labored upon respiratory examination. Other physical
examination results were unremarkable.

The patient's chemical panel revealed hyponatremia
(131mMol/L, normal range: 135-145mMol/L), hypocapnia
(19mMol/L, normal: 23-29mMol/L), hyperglycemia (150mg/dL,
normal: 70-105mg/dL), hypocalcemia (4.3mg/dL, normal: 8.5-10.5
mg/dL). The CBCrevealed microcytic anemia (normal Hgb: 14-18g/
dL) and lymphocytopenia (normal WBC: 4.5-11k/mcL). In addition,
the patient’s liver enzymes (ALT: 59U/L, normal: 4-43U/L; AST:
66U/L, normal: 9-35U/L), were elevated, providing suspicion for
alcohol abuse although the patient denied any alcohol or drug use.
The patient’s urine drug screen was positive for methamphetamines.
The electrocardiogram results were unremarkable with no signs of
ST Segment Elevation (STE) or T-Wave Inversion (TWI). The chest
x-ray was negative for acute disease. A contrast CT scan was done
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of the patient’s abdomen and pelvis. The CT revealed a very large
aneurysm arising from the left aspect of the superior mesenteric
artery measuring approximately 6.7cm x 7.1cm. Inflammation
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around the aneurysm was seen, indicating infection, vasculitis, or
early signs of rupture. In addition, severe stenosis of the origin of
the celiac artery was found (Figure 1).

Figure 1: The patient’s abdomen and pelvis CT scan with contrast before surgery.

Treatment Plan and Management

The patient was admitted due to his unstable condition
and a vascular surgeon was consulted. The patient was given 1V
fentanyl for pain, IV zofran (ondansetron) for his nausea, and a
normal saline bolus in the ED. Inpatient medications included:
famotidine, docusate sodium, acetaminophen, and bisacodyl. 1V
orders included: hydralazine, saline solution, hydromorphone,
ondansetron, metoclopramide, and fentanyl.

The patient did not have bowel movement or flatulence for three
days, but the patient’s physician noted no evidence of peritonitis or
bowel ischemia. This was monitored and addressed with bowel rest
and frequentambulation. Toaddresshis hypertension, nitroprusside
drip was administered to maintain a systolic blood pressure below
150mmHg. Liver function was continually monitored due to signs
of transaminitis, likely due to chronic alcohol use. Magnesium was
repleted as needed and the patient’s hyponatremia, hyperglycemia,
and anemia were monitored. Protonix was given daily for
prophylaxis and a sequential compression device was used for the

prevention of deep vein thrombosis.
Surgical Intervention

After imaging, the patient was confirmed to have a visceral
artery aneurysm in the superior mesenteric artery as well as celiac
artery stenosis. Upon consultation with a vascular surgeon, surgical
repair of the SMAA was requested. An endovascular approach
through femoral access was performed and a GORE® VIABAHN®
VBX balloon expandable stent (8mm x 59mm) was deployed in
the proximal SMA. Attempts to canalize the celiac artery from the
femoral approach were unsuccessful. After the endovascular repair,
a fluoroscopy of the aneurysm showed some retrograde filling or a
possible bowel artifact. The patient was prescribed clopidogrel and
a CT angiography of the aorta with bilateral extremity runoffs was
ordered to assess postoperative aneurysm changes. The patient
appeared stable and was moved from the ICU to a hospitalist
service. With the unsuccessful canalization of the celiac artery from
a femoral approach, the patient was scheduled for a brachial artery
approach (Figure 2).
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Figure 2: The patient’'s abdomen and pelvis CT scan with contrast after SMA surgical repair.

The recanalization of the celiac artery was followed by a covered
VBX balloon expandable stent (6mm x 19mm), coil embolization
of the distal pancreaticoduodenal artery outflow from the SMAA,
and coil embolization of the proximal jejunal artery supplying the
SMAA. Static contrast following the embolization looked promising
for aneurysm thrombosis, and collateral flow from another jejunal
branch supplied the territory of the recent embolization, lowering
concern for bowel ischemia. The patient was then prescribed
clopidogrel, heparin, amlodipine, and lisinopril to reduce clotting
risk and help control the patient’s blood pressure.

Post operation, the patient’'s arm became swollen at the
brachial access point and a hematoma with tracking up the arm
was found during an ultrasound. The patient denied any arm
pain or numbness but did complain of epigastric pain. A pressure
dressing was placed on the arm at the site of swelling. The patient
was monitored for bowel ischemia and was placed on a clear liquid
diet in case of ileus. A follow up CT angiography was performed on
the patient to check for ileus and to reexamine the SMAA. Based on
imaging, internal flow of the SMAA had been successfully stopped
by the coil embolization procedure and the patient was not found to
have ileus, so the physician recommended advancing the patient’s
diet.

The following day, the patient reported still having some
epigastric pain, and he passed gas but had no bowel movements.
The patient was anemic with hemoglobin of 7g/dL, hematocrit of
21.1%, mean corpuscular volume of 78.9fL, and mean corpuscular
hemoglobin of 26.3pg/cell. Physician recommendation was to
have the hemoglobin raised to 8g/dL through infusions. Red cell
distribution width was high with Coefficient of Variation (CV) at

19% and Standard Deviation (SD) at 55.3 fL. The patient was also
hyponatremic (125mMol/L), hypochloremia (93mMol/L, normal:
95-105mMol/L), hypo uremic (BUN 6mg/dL, normal: 7-18 mg/
dL), and hypocalcemia (8.2mg/dL). Two days after CT angiography,
the patient’s epigastric pain had improved with mild tenderness on
palpation. Hemoglobin was raised to 10.3 g/dL and the patient was
tolerating PO intake.

Discussion
Causes and Risk Factors

One of the possible causes for superior mesenteric artery
aneurysm is infection. Bacterial infection is thought to be a less
common cause of SMAAs compared to other causes including
vascular wall degeneration, surrounding organ inflammation,
or trauma. In this case, infection was considered as a possible
cause of the patient’s SMAA due to his methamphetamine use [8].
Symptoms of mycotic aneurysm of the superior mesenteric artery
include abdominal pain, low grade fever, malaise, weight loss, and
nausea and vomiting. This patient had severe epigastric pain as
well as nausea and vomiting but no fever and lymphocytopenia.
However, only 60% of mycotic SMAA cases in a recent literature
review presented with low-grade fever [12]. Besides intravenous
drug use, septic embolization from subacute endocarditis was
found to be another common cause of mycotic SMAAs. There were
also single case instances found of mycotic SMAAs from suppurative
hidradenitis, infected heart device implants, and rheumatic heart
disease [12]. Recent literature points to Streptococcus viridans
as the most causal organism of SMAA and inferior mesenteric
artery aneurysms, with the next most likely to be Staphylococcus
aureus [12,13]. Furthermore, conditions that weaken the tunica
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intima layer of blood vessels, including vascular wall degeneration
and atherosclerosis, can predispose people to infection from
Staphylococcus and Streptococcus, compounding the risk of a
SMAA [12].

In the case of this patient, some of the major risk factors
leading to the development of an SMAA were likely the use of
methamphetamines and uncontrolled hypertension leading to
atherosclerosis. Atherosclerosis is a risk factor for SMAAs and other
VAAs, however it has been shown to possibly play either a primary
or secondary role in the development of these aneurysms [14,15].
Methamphetamine use can lead to atherosclerosis through multiple
proinflammatory pathways. In a study on mice, methamphetamine
use was shown to increase endothelial expression of intercellular
adhesion molecule-1, vascular adhesion molecule-1, and monocyte
chemoattractant-1 [16]. Furthermore, methamphetamine use
elicited a proinflammatory response from macrophages through
noticeably increased production of ROS, IL-6, and IL-1 beta, all of
which are atherogenic factors [16]. These atherogenic cytokines
and chemokines can induce macrophages to release MMP-2 and
MMP-9, which are metalloproteinases that can contribute to arterial
wall degradation and aneurysm dilation [17].

Imaging and Diagnoses

Although initial suspicion of an SMAA can be raised based
on an abdominal ultrasound examination, the presence of an
SMAA can be more precisely detected using CT angiography or
MRI. On duplex ultrasound of an aneurysm, turbulent flow can be
noted by observing spectral broadening waveforms which reflect
heterogeneous velocities of red blood cells [18,19]. There has been
contention on the use of digital subtraction angiography (DSA) over
CT angiography for diagnosing aneurysms; however, recent studies
have demonstrated CT angiography is capable of diagnosing small
aneurysms less than 3 cm with DSA as the reference standard
[20]. In addition, the high cost and length of DSA have limited its
widespread use in detecting aneurysms despite its high diagnostic
value [21]. In this particular patient case, emergent mesenteric CT
angiography was performed on the patient and a 6-7 cm saccular
aneurysm was visualized upon imaging. Magnetic resonance
angiography (MRA) is another powerful tool for detecting
aneurysms, and compared to CT angiography, it lacks ionizing
radiation and uses less toxic contrast dyes. It is an especially robust
technique in vascular systems because of reduced T1 relaxation
times and therefore higher contrast resolution [22]. Multi-Detector
Computed Tomography (MDCT) can yield a highly accurate
representation of SMA course and caliber so that the diameter of
the aneurysm can be measured [23]. Aneurysm diameter is a key
element in determining optimal treatment. Smaller visceral artery
aneurysms, those less than 2 cm in diameter, are sometimes subject
to “watchful waiting” and checked periodically for any signs of
growth. In addition, calcified arterial walls on x-rays might raise
the suspicion of an aneurysm [24]. Coupled with abnormal changes
in the surrounding organs and tissues, such as signs of chronic
pancreatitis along with stomach or flank pain, suggest the presence
of a VAA.

CopyRight@ Ranasinghe Leonard

Management Approaches and Outcomes

While most VAAs are asymptomatic, symptomatic VAAs are at
high risk for rupture and should be treated as soon as possible [14].
SMAAs have been found to be more symptomatic than the other
types of VAAs with symptoms that include vomiting, abdominal
angina, gastrointestinal bleeding, and epigastralgia. SMAA ruptures
are dangerous with a rate of rupture estimated between 38-50%
and an associated mortality of 30-90% [8,25]. The high mortality
rate is related to intestinal ischemia sometimes caused by the
rupture. Specifically, thrombosis from the rupture can lead to
intestinal hypoperfusion, which can lead to ischemia and eventual
death [8,14].

There are many approaches to the management of SMAAs
and VAAs, including open surgery and endovascular therapy.
Endo Vascular Therapy (EVT), like embolization, is minimally
invasive and can be an effective approach for high-risk patients
with comorbidities. Another option, open repair, has been shown
to be effective in allowing surgeons to visualize the necessity of
vascularization during surgery, potentially decreasing the need for
a second operation. Despite these benefits, the indications for EVT
have expanded, makingita potentially more effective approach. This
has led to open surgery being more selected as an option when EVT
is too difficult to perform [8,25,2]. Selection of the specific treatment
approach depends on a variety of factors including location and size
of the aneurysm, available resources, and individual preference of
the surgeon. Other associated symptoms presenting alongside
SMAAs will affect management selection as well. Examples include
septic emboli, pancreatitis, biliary tract disease, polyarteritis
nodosa, atherosclerosis, trauma, and fibromuscular dysplasia [14].

Unfortunately, few studies compare the efficacy of open surgery
versus an endovascular approach regarding VAAs and SMAAs.
However, a recent review of VAA management suggests that an
endovascular approach was associated with a shorter hospital stay
and lower rates of cardiovascular complications [26]. No significant
differences in mortality rates were found when comparing open
surgery and endovascular therapy, but reintervention rates were
higher after endovascular therapy compared to open surgery.
However, procedural complications were more common with an
open approach than with EVT. Some complications listed included
wound infection and respiratory complications. For these reasons,
the review suggested that EVT could be recommended as being a
first choice to treat VAAs [26]. Another study examined 10 patients
with SMAAs, where 5 patients underwent EVT and 2 patients
underwent open surgery. The mean operation time for open
surgery was about 3.6 hours while the mean operation time for
endovascular treatment was about 1.3 hours. The mean hospital
stay after the operation was 20 days in the open surgery group
and 2.2 days in the endovascular group. Although the sample size
is limited, this further suggests the benefits of an endovascular
approach with an associated shorter operation and hospital stay
[25].

Similar to the results found in regard to VAAs, in a study on
AAA repair, there was no significant difference in the long-term
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mortality in the patients with either an endovascular or open
approach. However, there were more secondary procedures needed
in patients that underwent the endovascular repair which was also
seen with VAAs [26,3].

Conclusion

This case contributes to the body of knowledge surrounding
SMAAs due to the rarity of SMAAs and the circumstances of the
patient. This patienthad many potential healthrisk factors, including
homelessness and positive screening for methamphetamine use,
that could have contributed to the inflammatory process seen on
CT imaging. The patient also had a relatively large SMAA at 6.7 x
7.1cm and the endovascular repair used in this case is still being
documented for its efficacy in relation to open repair surgeries.
This patient’s surgical complications and need for a secondary
intervention follow the trend seen in other studies of endovascular
repair of VAAs and AAAs [26,3].
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