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High-Value Multidetector CT An-
giography of the Superior Mes-
enteric Artery: What Emergency 
Medicine Physicians and Interven-
tional Radiologists Need to Know

The superior mesenteric artery (SMA) provides vital blood sup-
ply to the midgut, and an acute abnormality can rapidly precipitate 
bowel ischemia and infarction and lead to morbidity and mortality. 
Vascular diseases that acutely compromise the SMA threaten its 
tributaries and include occlusion, dissection, aneurysm rupture, 
pseudoaneurysm, vasculitis, and SMA branch hemorrhage into 
the bowel. Emergency medicine physicians rely on the radiologist 
to identify SMA abnormalities, to characterize them, and to detail 
findings that guide the appropriate triage of these patients. As such, 
radiologists must be cognizant of the features that influence patient 
treatment to assist vascular surgeons and interventional radiolo-
gists in decision making. Some patients can be treated medically, 
while clinical and radiographic findings may suggest the need for 
interventional or surgical repair of the artery. In the latter case, 
multidetector CT findings aid in determining which of the various 
surgical and endovascular treatment options is optimal, and both 
vascular and gastrointestinal sequelae of acute SMA abnormalities 
contribute to these determinations. The authors review acute life-
threatening conditions involving the SMA including acute occlu-
sion, dissection, aneurysm, pseudoaneurysm, and hemorrhage and 
discuss the vascular and gastrointestinal multidetector CT findings 
in each of these conditions that help to guide surgical and interven-
tional management.
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After completing this journal-based SA-CME 
activity, participants will be able to:

 ■ Distinguish different forms of acute 
SMA abnormalities.

 ■ Recognize multidetector CT findings 
indicative of acute life-threatening com-
plications.

 ■ Describe multidetector CT findings 
that guide interventional and surgical 
planning.

See rsna.org/learning-center-rg.

SA-CME LEARNINg ObjECTIVES

Introduction
The superior mesenteric artery (SMA) provides vital blood supply 
to the midgut and is important to evaluate at every abdominal CT 
examination to identify acute, chronic, or unsuspected abnormali-
ties that may be associated with substantial morbidity and mortality. 
Acute abnormalities such as occlusion and dissection can rapidly 
precipitate bowel ischemia and infarction. Emergency medicine phy-
sicians rely on radiologists to identify and characterize SMA abnor-
malities and prioritize findings that guide the appropriate triage of 
these patients. As such, radiologists must be cognizant of the features 
that guide patient treatment to assist vascular surgeons and interven-
tional radiologists in decision making.

Vascular diseases that acutely compromise the SMA and threaten 
its tributaries include occlusion, dissection, aneurysm rupture, 
pseudoaneurysm, vasculitis, and SMA branch hemorrhage into the 
bowel. Clinical evaluation and imaging are both essential to deter-
mine whether a patient should be treated conservatively or requires 
a surgical or interventional procedure. In patients who require an 
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When an acute SMA abnormality is suspected, 
narrow detector sections (<1 mm), thin recon-
struction sections (3 mm for axial images and 
0.75 mm for two- or three-dimensional (3D)
rendering), rapid infusion of intravenous contrast 
material (5 mL/sec), and imaging in the arte-
rial and venous phases are necessary to identify 
lesions in the SMA and to characterize the extent 
of vascular, gastrointestinal, and mesenteric 
complications. Postprocessed sagittal and coro-
nal two-dimensional multiplanar reformations 
(MPRs) should be rendered routinely, and 3D 
rendering at an independent workstation facili-
tates identification and characterization of SMA 
abnormalities that are missed on axial images, 
particularly in the more distal branches (Figs 
2, 3). The celiac and SMA origins should be 
inspected on sagittal MPR images, and the distal 
branches of the SMA should be examined on 
coronal MPR images (1,2).

SMA Anatomy, Embryology, and 
Physiology

The SMA is the second major branch of the 
abdominal aorta, arising inferior to the origin of 
the celiac artery. It initially courses anteroinferi-
orly, passing anterior to the left renal vein and the 
third portion of the duodenum. The first major 
branch of the SMA is the inferior pancreatico-
duodenal artery. Within the mesenteric root, the 
SMA branches into approximately four to six 
jejunal and nine to 13 ileal arteries arising on the 
left side (3). The right-sided branches include 
the middle colic, right colic, and ileocolic arter-
ies (Fig 4). The branching pattern of the colonic 
arteries often varies, although the middle colic 
artery commonly arises from the proximal SMA, 
and the ileocolic artery represents the terminal 
branch (3). The SMA provides blood supply from 
the ampullary region of the second portion of the 
duodenum to the distal transverse colon near the 
splenic flexure. The artery also supplies a portion 
of the pancreatic head through the pancreatico-
duodenal arcade.

Several anatomic variants have been described 
and must be considered when planning for a 
surgical or endovascular procedure. The most 
common variant is a replaced right hepatic artery, 
with an incidence of 10%–17%, in which the 
right hepatic artery arises as a proximal branch of 
the SMA (4). Less common hepatic artery–SMA 
variants include a replaced left hepatic artery 
from the SMA (2%–4%) and the common he-
patic artery originating from the SMA (1%–3%) 
(5). An accessory hepatic artery arising from the 
SMA that supplies a lobe of liver in addition to 
the branch from the celiac artery also has been 
described in the literature (4). An uncommon 

interventional procedure, imaging findings aid 
in determining which of the various surgical 
and endovascular treatment options are optimal. 
Vascular and gastrointestinal sequelae of acute 
SMA abnormalities contribute to these determi-
nations. In this article, we review a range of acute 
life-threatening pathologic conditions involving 
the SMA and the vascular and gastrointestinal 
multidetector CT findings that help to guide the 
medical, surgical, and interventional manage-
ment of these conditions.

Multidetector CT Protocol  
Design and Imaging Technique

In some patients with acute abdominal pain, 
SMA abnormalities may not be suspected, and 
a single venous phase scan is performed. This 
does not obviate the need to evaluate the SMA, 
because the spatial resolution of current-genera-
tion multidetector CT scanners enables iden-
tification of SMA abnormalities in the venous 
phase if the artery is inspected carefully in all 
imaging planes (Fig 1).

TEACHINg POINTS
 ■ In a hemodynamically stable patient who presents early with 

favorable vascular and bowel CT findings in the setting of 
acute SMA occlusion, endovascular treatment may be the 
best option. In a meta-analysis, Salsano et al evaluated and 
compared the outcomes of seven studies and showed that 
endovascular therapy had better outcomes, with significantly 
lower mortality and bowel resection.

 ■ The presence of an aneurysm or dissection involving SMA 
branches at preprocedure CT angiography is important to  
note to limit the risk of further dissection or rupture when 
wires or catheters are passed subselectively. Similarly, vessel 
tortuosity shown at CT angiography often allows for easier 
and safer manipulation of wires and catheters during inter-
ventions.

 ■ Certain multidetector CT findings must be considered in 
planning an intervention and should be detailed in the CT 
interpretation. Placing a stent for proximal SMA stenosis 
most commonly due to calcified atherosclerotic disease is 
best achieved with a noncovered balloon-expandable stent 
as opposed to a self-expandable nitinol stent. In this scenario, 
the rigidity and hoop-strength of the balloon-expandable 
stent make it better at preventing elastic recoil from the ath-
erosclerotic plaque. However, self-expandable stents are of-
ten placed in distal stenoses of SMA branches, because they 
are generally more flexible and more likely to accommodate 
greater vessel tortuosity.

 ■ In patients with acute SMA dissection, the presence of a he-
matoma in the mesentery and hemorrhagic ascites are critical 
findings that should alert the emergency physician to engage 
the respective interventional and surgical management teams 
rapidly.

 ■ Colonic diverticulosis and angiodysplasia can be differentiated 
readily at multidetector CT, which is of prognostic impor-
tance, because bleeding will recur in up to 85% of untreated 
patients with angiodysplasia while 25% of untreated patients 
with diverticulosis experience recurrent bleeding.



RG  •  Volume 39  Number 2  Ghodasara et al  561

the pathophysiology of SMA abnormalities. For 
example, nonocclusive acute mesenteric isch-
emia (AMI)associated with hypotension or use 
of vasopressors is a consequence of widespread 
vasoconstriction or vasospasm, causing redirec-
tion of blood flow.

SMA Abnormalities

Acute Mesenteric Ischemia

Diagnosis.—AMI is a vascular emergency associ-
ated with substantial morbidity (70%–90%) and 
mortality (8–10). Often considered a rare entity, 
AMI is a more common cause of acute abdomi-
nal pain than is acute appendicitis or a ruptured 
abdominal aortic aneurysm in elderly patients 
(11). Early diagnosis with contrast-enhanced 
multidetector CT followed by revascularization 
is crucial to lower associated morbidity. An acute 
arterial embolus is the main cause (40%–50%) 
followed by arterial thrombosis (15%–30%) 
(12,13), mesenteric venous thrombosis (20%) 
(9), and nonocclusive mesenteric ischemia 
(10%–20%) (14). Embolic material originat-
ing from the heart is usually lodged in the SMA 
a few centimeters distal to the origin, near the 
location of the middle colic artery origin. Smaller 
emboli can travel farther and occlude more distal 
branches (Fig 2). In comparison, thrombosis sec-
ondary to rupture of an unstable atherosclerotic 
plaque often occurs in the proximal 2 cm of the 
SMA. Nonocclusive ischemia occurs in patients 
with hypotension, such as those with cardiogenic 
shock and hypoperfusion, which result in severe 
mesenteric vasoconstriction.

Clinically, the classic presentation is acute on-
set of severe abdominal pain worse than expected 

variant in which the celiac artery and the SMA 
arise from a common trunk is referred to as a ce-
liacomesenteric trunk and is important to recognize 
when evaluating the mesenteric vasculature and 
describing SMA abnormalities (6).

Multiple collateral pathways between the 
mesenteric arteries allow secondary and continu-
ous vascular supply to several abdominal organs. 
Knowledge of these pathways is imperative when 
performing surgical or endovascular treatment 
of the various SMA abnormalities. The celiac 
artery and the SMA share a pathway through the 
gastroduodenal artery and pancreaticoduodenal 
arcade (3). This collateral pathway is important 
in a patient with a high-grade proximal celiac ar-
tery stenosis or occlusion, because the gastroduo-
denal artery supplies the common hepatic artery 
and the blood flow to the pancreas, duodenum, 
and liver. In a patient with proximal SMA occlu-
sion, collateral blood flow in the reverse direc-
tion provides blood supply to the distal SMA. In 
addition, the SMA and inferior mesenteric artery 
have collateral blood flow through the marginal 
artery of Drummond and the arc of Riolan to 
supply the distal colon (3).

The mesenteric arteries are dynamic vessels 
and have substantial vasoreactivity when the 
patient is under stress. Multiple intrinsic and 
extrinsic mechanisms exist to regulate blood 
flow in the splanchnic circulation. Intrinsic au-
toregulatory mechanisms during ischemic stress 
include the local effect of adenosine and smooth 
muscle relaxation secondary to production of 
nitric oxide (7). Extrinsic mechanisms include 
the autonomic nervous system and hormonal 
regulation (7). Vasoconstriction and dilatation 
that occur in response to various pharmacologic 
agents and physiologic stresses are important to 

Figure 1. Endocarditis in a 59-year-old woman with abdominal pain. Coronal intravenous contrast material–en-
hanced arterial (a) and venous (b) phase multidetector CT images show a long-segment SMA thrombus (arrow).
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on the basis of the physical examination, but 
patients may also experience nausea, vomiting, 
and/or diarrhea. Physical examination and CT 
angiography are the keys for diagnosis. CT angi-
ography can show a low-attenuation filling defect 
or a vessel cutoff sign in the SMA, which is better 
visualized on MPR images (Fig 5). In addition, 
maximum intensity projection and 3D renderings 
help to facilitate the visualization of distal branch 
occlusions. Imaging should be performed without 
oral contrast material to allow proper visualiza-
tion of bowel wall enhancement and the mesen-
teric vessels. A potential pitfall is inspection of 
only the proximal two-thirds of the artery and 
missing a distal thrombus.

Knowing the cause of AMI helps in determin-
ing if surgical or endovascular treatment is appro-
priate. Several multidetector CT findings are im-
portant to note in the evaluation of a patient with 
AMI and vary depending on the cause. These 
findings can be divided into vascular and gastro-
intestinal findings. The location of SMA occlu-
sion is one of the main differentiating factors in 
the determination of the cause of ischemia. A 
proximal occlusion within 2–3 cm of the origin 
suggests the presence of acute thrombosis, al-
though this is not always the case. Visualization of 

a proximal segment with arterial wall thickening 
and calcification is diagnostic of a preexisting ath-
erosclerotic plaque that likely ruptured to cause 
complete occlusion. A distal occlusion near the 
origin of the middle colic artery likely represents 
a dislodged clot from the heart, commonly in a 
patient with atrial fibrillation. Diffuse narrowing 
of the SMA and branches without focal occlusion 
is suggestive of nonocclusive mesenteric ischemia. 
If mesenteric collateral arteries are visualized, 
SMA thrombosis should be considered, especially 
in a patient with a history of chronic ischemic 
symptoms (1). An embolism in another organ 
and a clot in the heart support the diagnosis of an 
acute embolic phenomenon.

Acute bowel ischemia manifests through a 
variety of CT findings, and the shape and attenu-
ation of the bowel and mesentery can provide 
information about the duration and cause. 
Circumferential bowel wall thickening is the most 
common, albeit nonspecific, sign of mesenteric 
ischemia and can be related to edema, infection, 
or hemorrhage in the wall (1,15). The degree of 
thickening reportedly ranges from 8 mm to 15 
mm, with venous occlusion resulting in more 
severe thickening than that of arterial occlusion 
(1,16). A wall thickness measurement of ap-

Figures 2, 3.  (2) Acute SMA emboli in a 42-year-old man with 
a left ventricular thrombus. Axial (2a) and coronal (2b) contrast-
enhanced arterial phase multidetector CT images show acute 
SMA emboli (arrowheads) involving small distal branches, with 
the coronal view best demonstrating the vessel filling defects. 
(3) Incidentally noted fusiform aneurysmal dilatation of a branch 
of the SMA in a 74-year-old man. On a coronal contrast-enhanced 
arterial phase CT image (3a), it is difficult to identify the aneurysm 
(arrow); however, the coronal maximum intensity projection post-
processed image (3b) clearly shows the finding (arrow).
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proximately 15 mm suggests mesenteric venous 
thrombosis (1). Alternatively, the wall also can be 
normal or thin with acute embolic and throm-
botic ischemia, unless reperfusion has occurred. 
Often the bowel wall is hypoattenuating related 
to hypoperfusion and edema, but also may show 
increased attenuation because of hemorrhage (1).

Nonenhanced scans help in differentiating 
intramural hemorrhage from enhancement (17), 
but nonenhanced scans typically are not per-
formed in patients with acute abdominal symp-
toms, because the low utility does not justify the 
additional radiation. Bowel wall hyperenhance-
ment can be seen in mesenteric venous occlusion, 
nonocclusive bowel ischemia, and postischemic 
reperfusion owing to hyperemia and hyperper-
fusion (17). The classic target or halo appear-
ance secondary to hyperemia with mural edema 
has been described in nonocclusive mesenteric 
ischemia and mesenteric venous occlusion (17). 
Although the complete absence of wall enhance-
ment is uncommon because of extensive col-
lateral blood supply, decreased enhancement is 
highly specific for substantial ischemia (1,15,17–
19). The lumen of the bowel can dilate with air 
and/or fluid secondary to a decrease in peristalsis 
and an increase in bowel secretions (1,17). Mes-
enteric stranding, hemorrhage, and/or edema are 
more likely due to venous than to arterial com-
promise (20).

In the emergency setting, it is critical to iden-
tify the radiologic findings that represent severe 
ischemia, which is associated with higher morbid-
ity, and for which surgical treatment with explor-
atory laparotomy and resection of the bowel is 
likely necessary. The presence of pneumatosis, 
or gas in the bowel wall, is a concerning finding 
that raises the possibility of transmural infarction. 
Locules of gas may track into mesenteric veins 
and the portal vein (1). A frank pneumoperito-
neum indicates a bowel perforation secondary to 
transmural wall necrosis. Severe ischemia with 
transmural infarction also can be seen as mesen-
teric fat stranding and ascites (1,17).

Treatment.—Treatment of patients with AMI 
begins with hemodynamic support, fluid resusci-
tation, bowel decompression, correction of elec-
trolyte imbalances, and administration of pain 
control and antibiotics (9). An interdisciplinary 
approach should be taken, with involvement of 
and communication among the interventional 
radiologist, vascular surgeon, general surgeon, 
gastroenterologist, and intensive care physician. 
Making a decision to treat with endovascular 
or surgical therapy is not straightforward and 
requires consideration of the patient’s clinical 
and hemodynamic status, time of onset, vascular 

Figure 4. Illustration shows the SMA vascular territory from 
near the ligament of Treitz to the proximal two-thirds of the 
transverse colon, with the right colic, middle colic, and ileocolic 
branches labeled.

Figure 5. Distal SMA thrombosis in an 82-year-old man who 
presented with severe abdominal pain, diarrhea, and emesis. 
Coronal contrast-enhanced arterial phase MPR CT angiogram 
shows thrombosis and complete occlusion of the distal SMA 
with a sharp cutoff (arrow). The patient was unstable and died 
before surgical or endovascular treatment could be performed.
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findings, and bowel viability. There are certain 
situations in which only surgical treatment is 
indicated. In a hemodynamically unstable pa-
tient with peritoneal signs, surgery is likely the 
best treatment option. Bowel infarction must 
be treated by means of exploratory laparotomy 
with resection of the necrotic bowel. Reviewing 
radiologic findings at CT helps in determination 
of the presence of bowel ischemia or necrosis and 
perforation, which necessitate immediate surgical 
repair. In a hemodynamically stable patient who 
presents early with favorable vascular and bowel 
CT findings, endovascular treatment may be the 
best option.

In a meta-analysis, Salsano et al (21) evalu-
ated and compared the outcomes of seven studies 
and showed that endovascular therapy had bet-
ter outcomes, with significantly lower mortal-
ity and bowel resection. Evidence supports an 
endovascular approach to patients with ischemia 
when there is no evidence of bowel infarction, 
especially in patients with comorbidities (22). 
Surgical options include arterial bypass graft 
placement, endarterectomy, and embolectomy. 
Nonocclusive mesenteric ischemia is treated 
by means of hemodynamic support, stopping 
vasoconstrictive medications, and, occasion-
ally, intra-arterial administration of vasodilating 
agents such as papaverine (1,9). Acute thrombo-
sis in a patient with chronic mesenteric ischemia 
may be treated with anticoagulation therapy in 
addition to angioplasty or placement of a stent in 
the atherosclerotic segment.

Planning an endovascular approach to 
SMA interventions requires knowledge of the 
anatomy and collateral vessel circulation and 
the location and character of the stenosis or 
occlusion, vessel tortuosity, and other abnor-
malities that involve branches. Choosing the 
right combination of catheter and wire is vital 
to reduce complications and increase efficiency 
in endovascular procedures. With use of axial 
and MPR images obtained at diagnostic CT 
angiography, the interventional radiologist is 
better able to map the anatomy of the SMA 
and formulate an approach to a wide variety of 
abnormalities. Endovascular interventions gen-
erally use either femoral or radial arterial access 
with advancement of a diagnostic catheter to 
the SMA under real-time fluoroscopic guid-
ance. In situations where a proximal thrombotic 
occlusion is demonstrated at CT angiography, 
radial access may be more appropriate owing to 
the more favorable angle and a possible smaller 
risk of dissection when the SMA is approached 
from above. When endovascular interventions 
are performed with a femoral approach, a 
reverse curve catheter is maneuvered into the 

origin of the SMA and a wire is advanced distal 
to the site of occlusion. Proximal clots carry a 
risk of dislodgement, which underscores the 
importance of defining the location and length 
of the thrombus with CT angiography (23). 
The presence of an aneurysm or dissection 
involving SMA branches at preprocedure CT 
angiography is important to note to limit the 
risk of further dissection or rupture when wires 
or catheters are passed subselectively. Similarly, 
vessel tortuosity shown at CT angiography 
often allows for easier and safer manipulation of 
wires and catheters during interventions.

Catheter-directed thrombolysis often is used 
in cases of acute SMA thrombosis and involves 
positioning a guide sheath in the proximal SMA 
while an infusion catheter with multiple side 
holes is advanced directly into the clot. Recom-
binant tissue plasminogen activator (tPA) is 
then infused through the catheter directly into 
the targeted clot, thereby reducing the potential 
systemic adverse effects of treatment (23). The 
length of the occlusion seen at CT angiography 
often determines the length of the infusion cath-
eter used during thrombolysis.

Percutaneous transluminal angioplasty and 
placement of a stent are performed to treat 
underlying stenosis in symptomatic patients 
who develop acute critical stenosis or occlusion 
caused by rupture of an atherosclerotic plaque 
(Figs 6, 7). Certain multidetector CT findings 
must be considered in planning an intervention 
and should be detailed in the CT interpretation. 
Placing a stent for proximal SMA stenosis most 
commonly due to calcified atherosclerotic disease 
is best achieved with a noncovered balloon-
expandable stent as opposed to a self-expandable 
nitinol stent (23). In this scenario, the rigidity 
and hoop-strength of the balloon-expandable 
stent make it better at preventing elastic recoil 
from the atherosclerotic plaque. However, self-
expandable stents are often placed in distal steno-
ses of SMA branches, because they are generally 
more flexible and more likely to accommodate 
greater vessel tortuosity. Other factors to consider 
when choosing a stent are the length of the lesion 
and the vessel diameter. 

A stent must have a large enough diameter 
to open the lumen sufficiently and maintain 
patency yet not overdilate the targeted artery, 
which can lead to dissection or premature inti-
mal hyperplasia. In patients with substantial ste-
nosis, it may be difficult to pass the sheath that 
protects the balloon-expandable stent, and in 
such cases, a low-profile monorail stent may be 
useful (23). The stent also must be long enough 
to cover the lesion, or multiple stents can be 
deployed, depending on the length.



RG  •  Volume 39  Number 2  Ghodasara et al  565

SMA Dissection

Diagnosis.—SMA dissection can be divided into 
two groups: spontaneous isolated and combined. 
Spontaneous isolated SMA dissection (SISMAD) 
is SMA dissection that occurs without aortic dis-
section (24). Combined SMA dissection is more 
common and is due to an aortic dissection flap 
extending into the proximal vessel. SISMAD is a 
rare disease, although it is being identified more 
often with the use of CT angiography (24–26). 
An increased incidence of SISMAD has been de-
scribed in men and patients aged 50–70 years old 

(27). Dissection is the result of blood entering 
the media of an artery through an intimal defect 
and creating a true lumen in continuity with the 
unaffected aorta and a false lumen. The result-
ing flap can occlude or substantially narrow the 
vessel lumen, causing decreased distal blood and 
organ ischemia. The pathophysiology of SISMAD 
is not clear but has been described in patients 
with hypertension, connective tissue disorders, 
atherosclerosis, vasculitis, and trauma. SMA dis-
section can manifest in asymptomatic patients or 
with acute abdominal pain, nausea, vomiting, and 
bloody stools.

Figure 6. Treatment of SMA stenosis in a 71-year-old woman with a history of colon cancer who pre-
sented with acute chronic abdominal pain. A recent colonoscopy showed an ischemic change in the 
ascending colon. (a) Sagittal contrast-enhanced arterial phase MPR CT image shows critical stenosis 
(arrow) of the proximal SMA secondary to calcified atherosclerotic plaque. The patient was taken to the 
interventional radiology department for treatment. Cannulation was performed in the SMA with a cath-
eter, and a wire was advanced past the stenosis. The catheter was removed, and digital subtraction angi-
ography was performed through a sheath. (b) Digital subtraction angiogram shows high-grade proximal 
SMA narrowing (arrow). (c) Digital subtraction angiogram shows an SMA diameter of approximately 4.5 
mm, and the stenosis extended 20 mm. (d) Catheter angiogram shows the placement of a 6-mm 3 27-
mm balloon-expandable stent that extends minimally into the aorta.
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Five classifications have been published for 
SISMAD, with the original by Sakamoto et al 
(28) describing four different types of dissection 
on the basis of the false lumen. The other four 
classifications are variations based on angio-
graphic findings, both true and false lumen, or 
the location or length of the dissection (26). 
Treatment of each type has not been evaluated 
fully, to our knowledge, and there does not ap-
pear to be a consensus on the best system to use 
when describing SISMAD.

CT angiography readily allows visualization 
of dissections involving the SMA with identifica-
tion of the flap and resultant true or false lumen 
(1). In SISMAD, the entry point of dissection is 
usually 1–3 cm from the SMA origin and extends 
a variable distance (29–31). The false lumen is 
often thrombosed with low attenuation compared 
with the true lumen. The false lumen is typi-
cally along the greater curvature of the SMA, 
and the true lumen is along the lesser curvature 
(31). Narrowing or stenosis of the true lumen 
is a concerning finding in an acute care setting, 
which requires a collaborative effort among the 
emergency medicine physician, surgeon, and vas-
cular interventional radiologist. Dissection of the 
SMA enlarges the vessel diameter in the majority 
of cases (29). In the acute setting, there can be 
increased attenuation of the fat adjacent to the 
SMA origin (29). In patients with an acute SMA 
dissection, the presence of a hematoma in the 

mesentery and hemorrhagic ascites are critical 
findings that should alert the emergency physi-
cian to engage the respective interventional and 
surgical treatment teams rapidly (29). If the SMA 
dissection is combined (the result of an aortic 
dissection), treatment with endovascular therapy 
may not be indicated, and surgical treatment 
might be more appropriate.

The radiologist and emergency physician 
should be aware of findings that require imme-
diate attention. In addition to the CT findings 
previously described with bowel ischemia and 
necrosis, several critical vascular findings must be 
considered. In patients with acute spontaneous 
SMA dissection, thrombosis of the true lumen, 
increased narrowing of the true lumen caused 
by an expanding false lumen, and increased 
aneurysmal dilatation of the SMA are findings 
that increase the risk of bowel infarction or arte-
rial rupture (32). The vascular interventional 
radiologist should be prepared to intervene to 
prevent rupture when the patient has an expand-
ing aneurysm greater than 2 cm in diameter 
associated with a dissection (32,33). Gobble et 
al (30) reported that progressive dissection and 
aneurysmal dilatation found on follow-up scans 
for an incidental dissection should be considered 
an indication for placement of an endovascular 
stent. At follow-up imaging, progressive dilatation 
of an ulcerlike projection, which is a localized 
blood pouch protruding from the true lumen into 

Figure 7. Chronic proximal SMA thrombosis in a 56-year-old man who presented with severe post-
prandial abdominal pain. He had started to avoid meals and had lost 10 lb (approximately 4.5 kg) in the 
past month. Coronal (a) and sagittal (b) contrast-enhanced MPR CT angiograms show an approximately 
2-cm segment of occlusive thrombus in the proximal SMA (arrow). The SMA reconstitutes distally by 
means of several collateral vessels. An aortoceliac and aorto-SMA bypass was performed by means of a 
Dacron graft.
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the thrombosed false lumen, is also an indication 
for intervention (28).

Treatment.—The range of treatment options 
includes conservative treatment with short-term 
follow-up, anticoagulation and blood pressure 
control, and more aggressive measures such 
as endovascular or open surgical therapy. The 
general treatment algorithm is based on patient 
symptoms or if the dissection was found inci-
dentally (32). Symptomatic patients with CT 
findings of bowel necrosis or rupture should 
undergo emergency exploratory laparotomy and 
bowel resection. On the basis of a review of the 
literature (26,31,32,34), the choice between 
conservative treatment or endovascular therapy 
for the remaining symptomatic patients is under 
debate. For patients in whom conservative and/
or endovascular treatment fails, surgery may be 
necessary (32). Patients with incidental asymp-
tomatic SISMAD should be observed, and they 
should undergo follow-up CT angiography in 
6–12 months.

Conservative treatment of symptomatic 
patients generally includes bowel decompres-
sion and/or rest, intravenous fluids, nutritional 
support, blood pressure control, and anticoagu-
lation. Anticoagulation is performed to prevent 
thrombosis. In patients with an arterial rupture 
or bowel necrosis, surgery is indicated and surgi-
cal options include endoaneurysmorrhaphy, 
thrombectomy, patch angioplasty, and bypass 
grafting (32). Primary endovascular treatments 
are balloon angioplasty and placement of a stent. 
Several literature reviews (25,35,36) have evalu-
ated and compared the treatment options for 
SISMAD. Results demonstrated that conservative 
management is the most common initial treat-
ment (Fig 8). Endovascular treatment is more 

often used than surgical treatment (25,35,36). 
Both endovascular and surgical treatment appear 
to be safe and effective options (25,35,36).

The vascular interventional radiologist 
should be aware of several CT findings to 
decide if endovascular treatment is indicated 
and to properly plan treatment (Figs 9–11). 
The length of dissection is important, because 
if it is extensive, then placing a stent and clos-
ing off the false lumen may be difficult without 
compromising branch vessels or inadvertently 
extending the dissection distally. Studies (32,37) 
have reported maximum dissection treatment 
lengths of approximately 4–5 cm, but lengths up 
to 15 cm have also been reported. Alternatively, 
placement of a proximal stent where only the 
dissection entry point is covered has been suc-
cessful in excluding the downstream false lumen 
while also limiting the length of stent necessary 
to treat (31). Preoperative CT angiography can 
be an invaluable tool in defining the relation-
ship between the true and false lumina and any 
potential entry and re-entry points and deter-
mining the dissection length and branch ves-
sel involvement (31). Compression of the true 
lumen may be an indication for placing a stent, 
although study results have suggested that ste-
nosis may improve after the acute stage without 
the need for intervention (32).

The goal of endovascular therapy is to cover 
the entry point and obliterate the false lumen 
while maintaining patency of the true lumen 
(26). Exclusion of the intimal tear prevents 
blood from entering the arterial wall. A self-ex-
panding stent provides adequate radial strength, 
flexibility, and length to treat most SISMAD 
lesions (26,33). Pseudoaneurysms associated 
with dissection also have been treated success-
fully with covered stents (33). Min et al (33) 

Figure 8. Graphs show data of treatment options of patients with isolated SMA dissections based on three large review articles. 
(a) Graph shows the number of patients treated according to each modality in each article. Patients were treated conservatively 
most often, followed by endovascular and surgical treatment. (b) Graph shows the rate of symptom relief according to the treat-
ment modality in each article. Endovascular and surgical options provided greater relief rates than did conservative treatment.
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suggested that luminal narrowing of greater than 
80% is an indication for placing a primary stent. 
Severe compression that prevents the interven-
tional radiologist from passing a .035 or .018 
guidewire into the distal true lumen precludes 
endovascular treatment (31). The interventional 
radiologist should note the perfusion of distal 
SMA branches and compare them after treat-
ment. Identification of major branches arising 
from the false lumen is essential before place-
ment of a stent to prevent bowel ischemia (31). 
Collateral pathways such as the marginal artery 
of Drummond may supply the false lumen and 
maintain patency. Authors of one study (31) re-

ported the inability to cannulate the true lumen 
in 21.7% of cases. 

A sharp angle between the SMA and the 
aorta makes the femoral approach more difficult, 
because the guidewire tends to track along the 
greater curvature, which is often the false lumen 
(31). Three types of arch configurations were 
described on the basis of the aortic-SMA angle: 
type 1, greater than 90°; type 2, 45°–90°; and 
type 3, less than 45°. In type 1 arches, a femoral 
approach was found to be favorable, while in type 
3 arches, a radial approach was preferable (31). 
Preoperative CT angiography with 3D processing 
allows for classification and planning.

Figure 9. Nonocclusive type II dissection of the mid SMA in a 48-year-old woman who 
presented with diffuse abdominal pain and tearing back pain associated with vomiting. 
(a, b) Axial (a) and sagittal (b) contrast-enhanced CT angiograms show a short-segment SMA 
dissection (arrow) with patent true and false lumina. The right colic and distal ileal branches 
arise from the patent false lumen. (c) Sagittal 3D volume-rendered CT image shows the extent 
of the dissection (arrows). The patient’s symptoms resolved, and she was treated conserva-
tively with blood pressure control and follow-up CT.
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SMA Aneurysm and Pseudoaneurysm

Diagnosis.—SMA aneurysms account for 5.5% 
of all visceral artery aneurysms and are the third 
most common type (38,39). They occur predom-
inantly in men and in the 5th decade of life (40). 
SMA aneurysms are associated with substantial 
morbidity, because they put the patient at risk 
for rupture and hemorrhage. Approximately 
38%–50% of patients present with rupture, and 

mortality rates range from 40% to 60% (40,41). 
The majority of aneurysms occur in the proximal 
5 cm of the SMA (39). SMA aneurysms can be 
classified as true aneurysms or pseudoaneurysms 
(42). True aneurysms result from weakening of 
all three wall layers, which results in dilatation of 
at least 1.5 times the expected normal diameter, 
while a pseudoaneurysm is a collection of blood 
between one or two layers and the adjacent pa-
renchyma caused by vessel injury (42).

Figure 10. Long-segment SMA dissection in a 56-year-old man with Marfan syndrome. Sagittal con-
trast-enhanced arterial phase CT images show the SMA dissection flap (arrows) extending 11 cm. The 
false lumen is patent and provides flow to multiple intestinal branches; therefore, the patient was treated 
conservatively. The start of the dissection flap is 1.4 cm from the origin of the SMA, which can be seen in 
a. All findings are important when endovascular treatment is considered.

Figure 11. Proximal SMA dissection in a 49-year-old man who presented with acute-onset abdominal pain radiating to his back. 
Coronal (a, b) and sagittal (c) contrast-enhanced arterial phase CT images show a proximal dissection of the SMA (arrows in a) ex-
tending into the jejunal and ileal branches and near complete occlusion of the distal SMA (arrows in b and c). The patient was treated 
conservatively with anticoagulation therapy. Surgical treatment is indicated if a patient clinically worsens because of the location and 
extent of the dissection, with resulting distal occlusions.
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There are several causes of aneurysms includ-
ing atherosclerosis, trauma, surgery, inflammation 
and/or vasculitis, infection, and collagen vascular 
disorders (40). Most commonly, SMA aneurysms 
are asymptomatic and are found incidentally at 
imaging (Fig 12) (40). Patients may present with 
colicky abdominal pain or rarely a pulsatile mass. 
Patients who present with a rupture have signs 
of hemodynamic compromise. SMA aneurysms 
must be identified and characterized by the 
radiologist to give the emergency medicine physi-
cian and vascular interventional radiologist the 
opportunity to treat appropriately.

Large SMA aneurysms can be detected easily 
on axial section images, while small aneurysms 
are better visualized with MPR, maximum in-
tensity projection, and 3D rendered images (Fig 
2) (43). SMA aneurysms should be described 
as fusiform or saccular in the CT angiographic 
report, and the artery should be inspected 
carefully to identify a concomitant dissection. 
Peripheral low attenuation within the aneurys-
mal sac is seen with a mural thrombus (Fig 13). 
True aneurysms are often incidental and have 
continuous wall calcifications. Pseudoaneurysms 
usually manifest symptomatically and can be 
caused by trauma, inflammation, or tumor ero-
sion. Findings on CT images include adjacent 
hemorrhage, extensive mural thrombus, and 
discontinuous wall calcification. In patients with 
pancreatitis, inflammatory fat stranding can be 
seen near a pseudoaneurysm. Multidetector CT 
provides important information about aneu-

rysm location and size, the presence of rupture, 
branch vessel involvement, and collateral vessel 
circulation (44).

Treatment.—Although there are no set guide-
lines for treatment of visceral artery aneurysms, 
several indications have been suggested. Inter-
vention is warranted in patients with symptom-
atic SMA aneurysms or asymptomatic aneu-
rysms that measure greater than 2 cm, because 
the threshold may be lower, and therefore, 
smaller aneurysms may be treated (45,46). Rap-
idly expanding aneurysms that increase by more 
than 5 mm per year should be treated (45). 
Asymptomatic aneurysms that manifest dur-
ing pregnancy or in women of childbearing age 
should be addressed because of an increased risk 
of rupture (45). All pseudoaneurysms should be 
treated, regardless of symptoms, owing to a high 
risk of rupture (Fig 14) (45).

Endovascular treatment is safer than open 
surgery in patients with multiple comorbities 
such as severe cardiac or pulmonary disease (41); 
however, it should not be used when the cause 
of the aneurysm is suspected to be infectious. 
Options include covered stent placement, coil 
embolization, liquid embolic agents, and throm-
bin injections (45). Surgical options include an-
eurysmectomy with grafting and/or transposition, 
aneurysmorrhaphy, and ligation (41).

The vascular interventional radiologist must 
consider several vascular factors in addition to 
bowel viability when reviewing a CT scan before 

Figure 12. Incidental calcified SMA aneurysm in an 82-year-old man with proximal occlusion of the celiac 
artery who presented with periumbilical abdominal pain. (a) Axial contrast-enhanced arterial phase CT image 
shows a calcified enhancing lesion (arrow) arising from an unclear vessel. Multiple collateral vessels arise from 
the pancreaticoduodenal arcade. (b) Sagittal maximum intensity projection CT image more clearly shows 
a calcified saccular aneurysm of a proximal SMA branch measuring up to 1.7 cm (arrow). The patient was 
treated conservatively with follow-up CT angiography. Calcification has been reported to be associated with 
a lower risk of rupture.
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treatment of an SMA aneurysm. A femoral arte-
rial approach is the most common, although a 
radial approach may be more direct when the 
aortic-mesenteric angle at CT angiography is 
acute (45). Determining the number of aneu-
rysms is important, because individuals may have 
more than one aneurysm (40). The presence or 
absence of aneurysmal wall calcification (Fig 12) 
can help to determine the patient’s risk of rup-
ture. Stone et al (40) found that all ruptures in 
their study occurred in noncalcified aneurysms. 
An aneurysm with a small neck distal to the SMA 
origin can be treated safely with coil embolization 

(40). The aneurysm must be packed tightly with 
coils to promote thrombosis. With a wide-neck 
aneurysm, stent-assisted coil placement, in which 
a bare metal stent is deployed in the parent vessel 
and coils are delivered into the aneurysm sac via 
a microcatheter passed through the interstices of 
the stent, is an option (45).

The location of the aneurysm in the SMA must 
be considered, because it may be difficult to place 
a stent in an aneurysm near the origin owing to 
lack of an adequate landing zone (45,47). The 
stent should extend at least 1 cm proximal and 
distal to the aneurysm (45). Large aneurysms may 

Figure 13.  Incidental SMA aneurysm with partial thrombosis in a 69-year-old man with abdominal 
pain. (a) Sagittal contrast-enhanced arterial phase CT image shows an SMA aneurysm with partial 
thrombosis (arrow). (b) Sagittal maximum intensity projection CT image nicely shows the aneurysm 
(arrow) 4.2 cm from the SMA origin. The patient continued to receive anticoagulation therapy and 
was treated conservatively.

Figure 14. Treatment of an SMA pseudoaneurysm due to tumor erosion in a 41-year-old man with pancreatic cancer who pre-
sented with an upper gastrointestinal bleed. (a) Coronal contrast-enhanced arterial phase CT image shows a small pseudoaneu-
rysm arising from the right side of the SMA (arrowhead). The pancreatic head mass shows gas secondary to fistulization with the 
duodenum (arrow). A duodenal and biliary stent is partially visualized. The pseudoaneurysm has a small neck and measures 5 mm. 
(b) Digital subtraction angiogram shows the catheter (arrow), which was advanced to the SMA with brachial artery access, and the 
small pseudoaneurysm (arrow) projecting over the biliary stent. CT and digital subtraction angiograms were used to determine the 
length and diameter of the stent. Careful attention was paid to avoid placing a stent over a branch vessel and to extend both proxi-
mally and distally from the aneurysm neck. The catheter was replaced with a vascular sheath, and a balloon-expandable covered stent 
was deployed. (c) Sagittal contrast-enhanced CT image show the covered stent, measuring 7 3 22 mm, deployed in the proximal 
SMA, covering the pseudoaneurysm.
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not be conducive to use of a covered stent owing 
to instability in a large lumen and/or inadequate 
landing zones (41). The diameter and length of the 
stent usually can be determined accurately from 
the preoperative CT angiogram and may be com-
pared with the diagnostic angiogram obtained be-
fore endovascular intervention (41). Self-expand-
ing stents are available in various sizes of 5–16 mm 
and may require different sizes of sheaths ranging 
from 5 F to 10 F (45).

For vessels with a smaller diameter, lower-pro-
file stents are available and can be placed over a 
0.018-inch wire (45). Covered stents are preferred 
to completely exclude the aneurysm and prevent 
an endoleak (41). The stent should extend past the 
aneurysm neck without covering too many jejunal 
or ileal branches (41). Branches arising from the 
aneurysm itself also must be considered. The tor-
tuosity of the vessel at preprocedure CT angiogra-
phy also should be noted, because self-expanding 
covered stents are effective in tortuous vessels, 
but balloon-expandable stents may be used in 
proximal straight segments (45). CT angiography 
with MPR and 3D rendering helps to delineate 
the proximity of branch vessels to the aneurysm. 
Studies (41,48) have reported covering up to three 
jejunoileal branches without bowel ischemia. Care-
ful consideration of clinical presentation, gastroin-
testinal and/or vascular multidetector CT findings, 
and patient comorbidities is crucial for proper 
patient selection and treatment.

SMA Vasculitis

Diagnosis.—Vasculitis refers to inflammation 
of the blood vessel walls and includes a diverse 
group of conditions. Some of the vasculitides may 
involve the SMA. Up to 50% of cases of vasculi-
tis involve the mesenteric arteries, but only 16% 
manifest as isolated mesenteric disease (49). The 
pathogenesis of vasculitis varies with each type 
and can include cell-mediated, immune com-
plex–mediated, and antineutrophil cytoplasmic 
antibody–mediated inflammation (50).

According to the Chapel Hill International 
Consensus Conference, vasculitis is subcatego-
rized into small-, medium-, and large-vessel 
vasculitis in addition to other less common 
subcategories. Large-vessel vasculitis such as 
Takayasu arteritis and giant cell arteritis can 
involve the SMA. Takayasu arteritis is most com-
mon in women and patients of Asian descent 
(51). In Takayasu arteritis, the SMA is involved 
in 18%–40% of American and Italian patients 
(22). Patients should be evaluated for high-grade 
proximal ostial stenosis of the SMA.

Systemic lupus erythematosus is an auto-
immune disease caused by immune complex 

deposition that classically affects young women 
(20,52). The disease process often involves the 
joints, kidneys, gastrointestinal tract, and skin. 
Lupus may affect vasculature of the entire gastro-
intestinal tract, but the SMA distribution is in-
volved most commonly (52). Polyarteritis nodosa 
is a medium-vessel fibrinoid necrotizing vasculitis 
that occurs in middle-aged to older adults (52). 
Classically, it causes microaneurysms and erosion 
of the arterial wall, most commonly affecting the 
kidneys, gastrointestinal tract, and liver (52).

Segmental arterial mediolysis is a nonath-
erosclerotic and noninflammatory arteriopathy 
characterized by lysis of the smooth muscle of 
the outer media that results in dissecting aneu-
rysms and intramural hematomas. Unlike those 
of most vasculitides, inflammatory or immune 
markers are most often normal. Middle-aged 
and elderly patients are affected most commonly 
and can present with abdominal pain, distention, 
decreased hemoglobin level, bowel ischemia, or 
shock. Imaging findings of segmental arterial 
mediolysis are similar to those of other vasculi-
tides, although it classically results in alternating 
aneurysm and stenosis of the abdominal splanch-
nic arteries, without involvement of other vessels. 
Several other vasculitides may affect the gastroin-
testinal tract but are not as prevalent (53,54).

Patients with vasculitis present with a variety 
of symptoms including abdominal pain, nausea, 
vomiting, diarrhea, and blood in the stool. Vas-
culitis is associated with fever, myalgia, athralgia, 
elevated erythrocyte sedimentation rate, and 
elevated C-reactive protein level (55). The diag-
nosis can be verified on the basis of a pathologic 
examination showing inflammatory infiltration of 
the arterial wall and surrounding tissue (55).

Bowel inflammation and/or ischemia and 
vascular findings in a young individual should 
prompt consideration of vasculitis. The radiolo-
gists may be the first to suggest the diagnosis 
by identifying the classic arterial configuration 
of beading and narrowing (Fig 15). CT angio-
graphic findings of vasculitis include circumfer-
ential arterial wall thickening, luminal narrow-
ing, and microaneurysms (52). Long-segment 
smooth tapering (Fig 16) without evidence of 
atherosclerotic disease usually is seen in vas-
culitis (55). A beaded appearance of the SMA 
may be seen with multiple aneurysms (56). The 
extent of the disease must be detailed, because 
focal disease can be managed with surgical or 
endovascular treatment, and diffuse disease is 
managed medically (57).

Gastrointestinal multidetector CT findings 
include dilated bowel, multifocal wall thickening, 
abnormal wall enhancement, and mesenteric vas-
cular engorgement (52). Vasculitis can manifest 



RG  •  Volume 39  Number 2  Ghodasara et al  573

with bowel ischemia, perforation, and hemor-
rhage. Radiologists must recognize the classic 
SMA configuration and evaluate other arteries to 
confirm a systemic process.

Treatment.—Research on surgical and endovascu-
lar treatment of vasculitis is limited, because it is 
a rare and systemic disease that mainly is treated 
medically. Interventions ideally should be per-
formed in the chronic phase for a better patient 
outcome (57). Although intervention is not often 
needed, surgery is performed more commonly 
than is endovascular treatment (55). No clear indi-
cations or outcomes of revascularization have been 
established (55). Surgical options include various 
mesenteric bypasses and patch angioplasty (55). 
Endovascular treatment is performed primarily 
with angioplasty and stent placement for stenosis. 

Angioplasty alone may be a reasonable option, 
although there is limited literature on the long-
term efficacy (57). Outcomes for stent placement 
for SMA stenosis secondary to vasculitis have not 
been evaluated adequately enough to recommend, 
but there is evidence that patency rates are low af-
ter placement of a renal stent for Takayasu arteritis 
(57). Vasculitis also may result in aneurysm of the 
SMA. Single aneurysms can be managed with the 
same principles as those previous described, but 
often there are multiple aneurysms, which makes 
treatment less straightforward (57).

The vascular interventional radiologist should 
be aware of the limitations of endovascular treat-
ment of vasculitis. Treatment is limited by the 
durability of angioplasty, which is especially im-
portant, because patients with vasculitis are often 
young (55). Another challenge is that vasculitis 
causes long-segment narrowing, and stents must 
be long enough to be effective and prevent recoil 
(55). The utility of angioplasty and placement of 
a stent may be limited to symptomatic patients 
with focal flow–limiting stenosis of the SMA. The 
interventional radiologist must select patients 
appropriately to provide treatment only when it is 
clinically beneficial.

SMA Hemorrhage

Diagnosis.—SMA hemorrhage encompasses a 
spectrum of abnormalities that range from arte-
rial rupture secondary to trauma to intraluminal 
gastrointestinal hemorrhage. This discussion 
is focused on gastrointestinal luminal hemor-
rhage, which is associated with substantial patient 
morbidity and mortality. It results in substantial 
health care expenditure, accounting for approxi-
mately 300 000 hospital admissions annually 

Figure 15. Vasculitis in a 57-year-old woman imaged for a pancreatic cyst (not shown). Coronal (a) and 
sagittal oblique (b) contrast-enhanced volume-rendered arterial phase CT images reveal an unsuspected 
splenic artery aneurysm (arrow in a) and beading of the SMA, (arrowheads), which are classic signs of 
vasculitis.

Figure 16. Giant cell arteritis in a 77-year-old 
woman. Sagittal contrast-enhanced arterial 
phase MPR CT image shows long-segment cir-
cumferential narrowing (arrows) without critical 
stenosis. Endovascular treatment was not ad-
vised for this patient.
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(58,59). SMA hemorrhage can occur anywhere 
along its vascular distribution, from the second 
portion of the duodenum to the distal transverse 
colon near the splenic flexure. Hemorrhage prox-
imal or distal to the ligament of Treitz is referred 
to as upper or lower gastrointestinal hemorrhage, 
respectively. SMA hemorrhage most often mani-
fests as lower gastrointestinal hemorrhage. The 
most common causes of lower gastrointestinal 
bleeding include diverticulosis, angiodysplasia, 
colitis, neoplasm, and trauma or surgery.

Numerous modalities have been implemented 
to evaluate gastrointestinal hemorrhage, such as 
tagged red blood cell scans, CT angiography, and 
catheter angiography (59). The most commonly 
used modality is dual-phase (arterial and venous 
phases) CT angiography to allow for detection 
of contrast material extravasation into the bowel 
lumen. Providers must be able to differentiate 
hyperattenuating material within the bowel (eg, 
barium, medications, or sutures from true con-
trast material extravasation) by comparing images 
from the two phases for a change in the configu-
ration over time (Fig 17) and/or by performing 
a nonenhanced acquisition or using dual-energy 
CT to create a virtual nonenhanced dataset. A 
contrast material blush on arterial phase images 
with a change in size and configuration of the 
contrast material between the phases is indicative 
of a bleed (20). Various configurations of contrast 
material are described in the literature (60,61), 
including pooled, ellipsoid, swirled, linear, and 
jet-like configurations. Evaluation of the CT im-
ages for diverticulosis, duodenal ulcer, bowel wall 
thickening (inflammatory or infectious colitis), 

neoplasms or masses, and ischemia can help to 
identify a cause for the bleeding and can help the 
emergency medicine physician direct treatment.

CT angiography has a crucial role in prein-
terventional planning, because it often reveals 
the location of the hemorrhage. Vascular inter-
ventional radiologists can intervene rapidly when 
they know exactly which vessels to cannulate to 
reach the bleed. In addition, localizing the bleed 
to the small bowel can prevent unnecessary 
endoscopy and allow quicker definitive treatment 
(60,62). Identifying variant vascular anatomy 
such as a replaced right hepatic artery at prein-
tervention CT angiography can prevent delays in 
locating the bleeding vessel (60).

It is important to determine the cause of 
hemorrhage at CT when possible, because 
management and prognosis vary. When a mass 
is visualized and determined to be the cause of 
the bleeding, it is likely to be treated with surgi-
cal excision in a stable patient, rather than with 
endovascular embolization, to obtain a specimen 
and resolve the bleeding. Colonic diverticulosis 
and angiodysplasia can be differentiated readily 
at multidetector CT, which is of prognostic im-
portance, because bleeding recurs in up to 85% 
of untreated patients with angiodysplasia, while 
only 25% of untreated diverticular patients 
experience recurrent bleeding (63–65). Early 
identification of vascular abnormality such as 
pseudoaneurysm, dissection, and aneurysm as-
sociated with bleeding changes the endovascular 
approach and treatment technique. The preop-
erative knowledge gained from preintervention 
CT angiography can result in faster localization 

Figure 17. Diverticular hemorrhage in an 84-year-old man who presented with bright red blood in the rectum. 
Coronal contrast-enhanced arterial (a) and venous (b) phase multidetector CT images show active contrast-
material extravasation (arrows) in the ascending colon that increased in size during the venous phase because 
of a bleeding diverticulum (not shown). The interventional radiologist attempted to perform embolization but 
was unable to select a branch distal enough to prevent bowel ischemia after embolization. Subsequent right 
colectomy was performed after the patient was stabilized.
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of bleeding, reduced radiation exposure, re-
duced use of intravenous contrast material, and 
shorter procedure times (60).

Treatment.—Endovascular treatment involves 
use of a variety of embolic agents including coils 
(Fig 18), gelatin sponges, n-butyl cyanoacrylate, 
onyx, and polyvinyl alcohol particles (66). Each 
can be used alone or in combination to achieve 
hemostasis. Femoral or radial access is used most 
often, and the celiac artery, SMA, and inferior 
mesenteric artery are evaluated individually. CT 
angiography can guide the interventional radiolo-
gist to the mesenteric vessel with the bleeding 
branch and allow rapid embolization. The goal 
is to visualize the hemorrhage and use highly 
selective catheterization to embolize the distal-
most vessels. Depending on the site of bleeding, 
a 0.018-inch guidewire and microcatheter system 
may be needed to reach the site (67). In the SMA 
territory, marginal arteries and vasa recta can be 
superselected to reduce the risk of bowel infarc-

tion (66). Vessel tortuosity and vasospasm may 
be factors that limit selective catheterization. 
CT angiographic evaluation of the bleeding site 
for collateral vessel circulation is important so 
that the endovascular specialist can occlude all 
feeding vessels. In gastroduodenal and pancreati-
coduodenal artery bleeding, proximal and distal 
embolization must be performed to completely 
resolve bleeding due to collateral blood flow 
(67). Occasionally, the bleeding vessel cannot be 
visualized because of lack of active extravasation 
at the time of angiography, and the interventional 
radiologist must then decide whether it is safe to 
perform embolization empirically on the basis of 
the location found at CT angiography.

Conclusion
Detection and management of acute SMA ab-
normalities begins with a high-quality multide-
tector CT examination and interpretation with 
multiplanar reconstructions and 3D render-
ing. A high-quality interpretation includes the 

Figure 18. Treatment of postoperative hemorrhage in a 69-year-old woman who underwent the Whipple procedure. (a, b) Axial (a) 
and coronal (b) contrast-enhanced arterial phase CT images show a hematoma (arrowheads in a) near the hepatobiliary limb, with a 
small pseudoaneurysm from a branch of the SMA (arrow). The patient was taken to the interventional radiology department for treat-
ment. Cannulation was performed in the SMA with a catheter, and angiography was performed. (c) CT angiogram shows the pseudo-
aneurysm (arrow) from a right-sided small jejunal branch of the SMA. A microcather and microwire system was used to superselect the 
SMA branch. (d) Digital subtraction angiogram shows that the appropriate branch with the pseudodaneurysm (arrow) was selected. 
(e) CT angiogram shows two 2-mm 3 4-cm coils deployed (arrow) immediately proximal to the pseudoaneurysm, with complete 
occlusion.
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pathologic diagnosis and provides details on the 
length and location of the SMA abnormality; 
the presence of luminal compromise, bleeding, 
or rupture; and any gastrointestinal complica-
tions. The anatomic configuration of the SMA 
origin is also important information to guide the 
selection of arterial access (radial vs femoral). 
Investing the time to provide these important 
details adds tremendous value and expedites se-
lection of optimal patient treatment and guides 
the most effective intervention.
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