Imaging of mesenteric ischemia
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esenteric ischemia is a dis-
ease seen predominantly in
the elderly that can be asso-

ciated with considerable mortality if
not detected before bowel infarction. '
Clinically, there are two subtypes of
mesenteric ischemia: acute and chronic.
Biphasic CT has become the gold
standard in evaluating patients with
suspected mesenteric ischemia.? The
modality provides rapid, noninvasive
evaluation and minimizes the need for
angiography and exploratory laparot-
omy. This review summarizes the role
of CT and other imaging modalities in
the evaluation of mesenteric ischemia.
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CT evaluation

Computed tomography has been her-
alded as the primary imaging for the
evaluation of mesenteric ischemia.” The
use of water as an oral contrast agent al-
lows for improved visualization of the
bowel wall and mucosa.? Acquiring im-
ages in the arterial and venous phases
(biphasic) allows for evaluating the
arterial and venous mesenteric vessels
as well for evaluating the bowel. Multi-
detector CT has further improved eval-
uation by enabling clinicians to obtain
the level of detail needed to visualize 1
mm intravascular filling defects and air
within the bowel wall. Distal mesenteric
branches can be visualized with the rapid
administration of intravenous contrast.>

Multiple studies have also demon-
strated the value of certain imaging
findings, including pneumatosis intes-
tinalis (Figure 1), isolated SMA oc-
clusion, as well as celiac and inferior
mesenteric artery occlusion with distal
SMA disease (branch vessel occlusions
or narrowing), arterial embolism, or
venous gas (Figure 2). These findings
have high specificity for acute mesen-
teric ischemia.>* 3¢ Bowel-wall thick-
ening (Figure 3), focal lack of bowel
wall enhancement, and venous throm-

bosis are slightly less specific (94%).
The constellation of these findings on
CT imaging yields high sensitivity and
specificity for the diagnosis of acute
mesenteric ischemia.”8

Etiology of acute mesenteric
ischemia

The etiology of acute mesenteric isch-
emia can be divided into four categories:
arterial embolization, arterial throm-
bosis, mesenteric venous thrombosis,
and non-occlusive, low-flow state.! Al-
though the patient’s clinical presentation
may provide clues, the arterial-phase
findings on CT may help distinguish
between an embolism and a thrombosis.
Commonly, an acute embolus is sus-
pected when evidence of thrombosis ap-
pears elsewhere in the arterial tree, such
as in the heart. In addition, an embolus
tends to lodge within the most proxi-
mal 1-2 cm of the SMA, as opposed to
thrombosis, which typically occurs at the
vessel ostium (Figure 4).° More specifi-
cally, 50% of thromboembolisms occur
just distal to the middle colic branch, and
15% occlude the origin.'

Collateral mesenteric vessels on CT
help determine the chronicity of an oc-
clusion; when present, they suggest
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FIGURE 1. 75-year-old man with worsen-
ing abdominal pain. CT scan demonstrates
extensive air within the bowel wall (arrow)
indicating pneumatosis.

FIGURE 2. CT scan with extensive portal
venous gas in a patient with pneumatosis.

FIGURE 3. 52-year-old man with abdominal
pain. There is small-bowel wall thickening
with associated fat stranding (arrow).

thrombosis secondary to chronic ath-
erosclerotic stenosis. In contrast, pa-
tients with an acute thromboembolism
are more likely to develop bowel isch-
emia, since they have not developed
collaterals.!!

Unlike arterial thromboembolism,
venous thrombosis is unrelated to ath-
erosclerosis. Hypercoagulable states,
systemic processes, or an underlying
inflammatory process from the ab-
dominal organs are the etiologies for
venous thrombosis.!? For example,
pancreatitis or extrinsic compression
by a pancreatic neoplasm are typical
causes of SMV thrombosis. Mesen-
teric venous stasis is the third-leading
cause of venous thrombosis and can
occur as a result of a number of condi-
tions, including Budd-Chiari, cirrho-
sis, or post-splenectomy physiology.'?
Passive venous congestion of the
end-organ eventually reduces arterial
inflow to ultimately result in bowel
infarction. Clinically, patients with
venous thrombosis may present with a
longer, more indolent course of symp-
toms (1-2 weeks). Because of venous
congestion, bowel ischemia is more
likely to demonstrate bowel-wall
thickening, mucosal hyper-enhance-
ment, and mesenteric edema, which
can be either hypo- or hyperdense de-
pending on whether edema or hemor-
rhage is prevalent.® Conversely, bowel
ischemia resulting from arterial throm-
boembolism is actually associated with
bowel-wall thinning and no mucosal
enhancement in the early stages.!>!3
Ultimately, as bowel ischemia pro-
gresses to infarction, the conventional
signs of reactive edema become pro-
gressively more apparent regardless of
whether venous or arterial occlusion is
the culprit (Figure 5).

Non-occlusive mesenteric ischemia
does not demonstrate arterial filling de-
fects or venous outflow occlusion and,
therefore, has no typical imaging find-
ings.' The diagnosis relies on clinical
presentation and is almost exclusively
seen in acutely ill patients who are re-
quiring pressor support. Occasionally,
CT imaging may identify fewer distal

branching vessels as a result of hypovo-
lemia and spasm. '3

Arterial phase imaging has been
shown to influence patient care by
demonstrating signs of acute mesen-
teric ischemia not seen on portal venous
phase imaging.? Arterial phase imaging
can identify a vascular insult that maybe
amenable to revascularization instead
of bowel resection.!® Furthermore,
some of these patients demonstrating
vascular abnormalities prior to devel-
oping bowel ischemia can be treated
before they develop the devastating
downstream effects of infarction (Fig-
ure 6).!7 Signs that suggest irreversible
damage and warrant surgical resection
of infarcted bowel include pneumatosis
intestinalis and air within the portal ve-
nous system.>”-8 A retrospective review
has shown that more conservative treat-
ment, including anticoagulation, can be
implemented with success in cases of
acute mesenteric ischemia without in-
farction caused by venous thrombosis
diagnosed early with CT.!”

Chronic mesenteric ischemia
Chronic mesenteric ischemia (CMI)
is caused by atherosclerotic disease of
the mesenteric vessels.! Its presentation
is more indolent than acute mesenteric
ischemia, typically weight loss and re-
current post-prandial abdominal pain
when more than basal mesenteric blood
flow is required for digestion.'® Given
its chronic nature, CMI is commonly
associated with development of rich
collateral pathways. Three-dimensional
reformatting in the coronal and sagittal
plane aids in identification of collateral-
ization and in evaluation of adequacy of
compensated intestinal perfusion. As the
presence of calcification is not specific
to flow-limiting stenosis, vessel analysis
has been shown to assess the extent of
stenosis to the mesenteric vessels.'s A
>70% stenosis of the celiac or superior
mesenteric artery (SMA) is associated
with a greater risk of having chronic
mesenteric ischemia.!® Because of the
rich mesenteric collateral network, a crit-
ical percentage of stenosis is usually not
sufficient to cause chronic mesenteric
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FIGURE 4. A 57-year-old man presents with acute onset abdominal pain. CTA demonstrates an occlusive thrombus in the superior mesenteric
artery (arrow) (A). Maximal intensity projection reconstruction in the sagittal view depicts the occlusion of the SMA several centimeters from its
origin (arrow) (B). Evaluation of the bowel demonstrates bowel-wall thickening (arrow) and subtle low-attenuation bowel-wall edema (C).

FIGURE 5. 63-year-old with abdominal pain
and descending colonic wall thickening on
MR (arrow). T2-weighted sequence shows
fluid within the bowel lumen and colonic wall
thickening.

ischemia and usually two of the three
main mesenteric vessels must be com-
promised before symptoms develop.'”
Median arcuate ligament syndrome
is a less common cause of chronic
mesenteric ischemia that may affect
younger patients. The ligament is a fi-
brous arch which lies above the SMA
and anterior to the aorta at the L1 level.

FIGURE 6. 80-year-old woman with abdom-
inal pain. CT scan demonstrates significant
thickening of the descending colon (arrow)
with peri-colonic fluid and fat stranding.

Compression of the celiac trunk by the
median arcuate ligament can cause epi-
gastric pain and weight loss.?’ Doppler
ultrasound can be used to screen for
median arcuate ligament syndrome by
eliciting increased velocities sugges-
tive of celiac artery stenosis that may be
more pronounced during inspiration.?
CTA or MRA is the modality of choice

FIGURE 7. 20-year-old woman who pres-
ents with worsening abdominal pain over the
last year. Maximal intensity reconstructions
highlight smooth but severe narrowing of the
celiac origin consistent with compression by
the median arcuate ligament.

for its evaluation. A focal stenosis of the
celiac artery with a hooked appearance
is the imaging hallmark of the disease
(Figure 7).2! As it is a chronic process,
collateral vessels between the celiac and
superior mesenteric circulation, particu-
larly involving the pancreaticoduodenal
arcade, can be prominent. Unlike more
common causes of chronic mesenteric
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ischemia, median arcuate ligament
syndrome is not amenable to endovas-
cular treatment.??

Mesenteric dissection

Arterial dissection of the mesen-
teric vessel is another rare cause of
mesenteric ischemia. Most mesenteric
dissections are found as extensions of
abdominal aortic dissection; however,
they can occur in isolation, precipitated
by conditions affecting the vessel wall
integrity such as fibromuscular dyspla-
sia, vasculitis, cystic medial necrosis,
Marfan’s syndrome, and Ehlers-Danlos
disease, to name a few.?*> Many dissec-
tions are asymptomatic, but when they
limit vascular flow they may induce
bowel ischemia. Findings include di-
rect evidence of dissection, thrombo-
sis of the false lumen, identification of
an intimal flap, and enlargement of the
artery and periarterial fat stranding
(Figure 8).%

Superiok, Mesenteric
: i : i Mesenteric aneurysm
FIGURE 8. 56-year-old man who presents with abdominal pain with a SMA dissection (A). While rare, mesenteric aneurysms

Patient failed conservative management and was treated with SMA stent placement (B). can also lead to mesenteric ischemia.

FIGURE 9. 75-year-old woman with worsening post-prandial pain. MRA confirmed significant stenosis to the origin of the SMA (A). Angiography
confirmed the SMA stenosis (B). SMA revascularization was performed with SMA stent placement (C), resulting in symptom improvement.
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FIGURE 10. 83-year-old man presented with severe abdominal pain and acute SMA embo-
lism. As the patient was not a surgical candidate, angiography was performed, demonstrating
abrupt SMA occlusion (A). After percutaneous suction thrombectomy, flow was restored (B).

SMA aneurysms are the third-most
common type of visceral aneurysm
after splenic and hepatic aneurysms.
While splenic and hepatic aneurysms
are usually related to atherosclerosis
and risk of rupture and bleeding, mes-
enteric aneurysms are commonly due to
subacute bacterial endocarditis, repre-
senting 58% of cases. Moreover, these
aneurysms may not only rupture, but
they also may threaten mesenteric flow
by causing small-vessel occlusions due
to distal emboli.?

Other imaging modalities

Computed tomography is the pri-
mary imaging modality used to eval-
uate mesenteric ischemia; ultrasound
and MRI also play a role.?® Gray
scale and Doppler ultrasound serve
an important role in the screening,
surveillance and follow-up of both
mesenteric arterial and venous con-
ditions.?” However, the yield of the
ultrasound evaluation can vary due to
body habitus, obscuring bowel gas,
and operator capability.

Although MRA evaluation circum-
vents radiation or iodinated contrast,
diminished spatial resolution can re-
sult in the overestimation of stenosis.?
Its longer acquisition time also limits
its use in the emergent setting; ie, sus-

picion of acute mesenteric ischemia.
However, in evaluating chronic mes-
enteric ischemia, MRA can provide
functional information such as flow
rates. While cardiac-triggered, respi-
ratory-gated, 3D steady-state free pre-
cession sequences were developed
for renal and mesenteric noncontrast
MRA, 3D contrast-enhanced MRA is
considered a more optimal examina-
tion. The contrast-enhanced, high-res-
olution 3D T1-weighted gradient-echo
pulse sequence is the sequence used to
evaluate for chronic mesenteric isch-
emia.?® Time-resolved MRI techniques
can provide morphologic and hemo-
dynamic flow information similar to
digital subtraction angiography and
thereby delineate AV fistulas, delayed
portomesenteric venous filling and dis-
tal mesenteric flow in the evaluation of
non-occlusive mesenteric ischemia.”

Angiographic evaluation and therapy

Angiographic evaluation of mesen-
teric ischemia is effective, although it
is now reserved for intervention and
treatment. Computed tomography has
replaced angiography as a first line test
to evaluate mesenteric ischemia, as it al-
lows evaluation of the vessels and bowel
and noninvasively identifies other rea-
sons for the patient’s symptoms.> 37

Endovascular therapy has become
the primary treatment of patients with
chronic mesenteric ischemia, allowing
for safe revascularization with stent
placement (Figure 9).2°Additionally,
aneurysms and dissections can be
treated with endovascular techniques.
The role of endovascular technique in
the setting of venous thrombosis con-
tinues to expand. Patients with mes-
enteric venous thrombosis who don’t
respond to anticoagulation may be
treated endovascularly with transhe-
patic or transjugular approaches to re-
move thrombus and re-establish blood
flow.©

The use of endovascular techniques
to treat acute mesenteric ischemia is
usually reserved for patients who are
not considered to be candidates for
surgery. These therapies involve per-
cutaneous thrombectomy techniques
focusing on removing the acute em-
bolus using suction (Figure 10).3!

Follow up of mesenteric ischemia
therapies

Computed tomography angiography
remains the modality of choice with
respect to primary evaluation and fol-
low up of mesenteric ischemia patients,
including those who have undergone
surgical embolectomy, thrombectomy,
bypass graft placement, endarterectomy,
surgical release of median arcuate lig-
ament syndrome, mechanical throm-
bectomy, angioplasty, catheter-directed
thrombolysis, fenestration of the dissec-
tion membrane, stent placement and en-
doluminal stent-graft placement.*?

Conclusion

An uncommon disease, mesenteric
ischemia carries significant morbidity
and mortality if not identified early in
its course. Computed tomography has
become the initial and best modality to
assess for acute mesenteric ischemia be-
cause of its ability to evaluate not only
the vessels but also the extent of bowel
ischemia and/or infarction. The modal-
ity also identifies the cause of mesen-
teric ischemia and allows for prompt
and proper triage and therapy. In the
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setting of chronic mesenteric ischemia,
CT identifies the extent of vascular dis-
ease to select those patients who may
require revascularization.
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