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ABSTRACT

Radiologists play a central role in the diagnostic and prognostic evaluation of patients with acute mesenteric ischaemia
(AMD). Unfortunately, more than half of AMI patients undergo imaging with no prior suspicion of AMI, making identi-
fying this disease even more difficult. A confirmed diagnosis of AMI is ideally made with dynamic contrast-enhanced
CT but the diagnosis may be made on portal-venous phase images in appropriate clinical settings. AMI is diagnosed
on CT based on the identification of vascular impairment and bowel ischaemic injury with no other cause. Moreover,
radiologists must evaluate the probability of bowel necrosis, which will influence the treatment options.

AMl is usually separated into different entities: arterial, venous, non-occlusive and ischaemic colitis. Arterial AMI can be
occlusive or stenotic, the dominant causes being atherothrombosis, embolism and isolated superior mesenteric artery
(SMA) dissection. The main finding in the bowel is decreased wall enhancement, and necrosis can be suspected when
dilatation >25mm is identified. Venous AMI is related to superior mesenteric vein (SMV) thrombosis as a result of a
thrombophilic state (acquired or inherited), local injury (cancer, inflammation or trauma) or underlying SMV insuffi-
ciency. The dominant features in the bowel are hypoattenuating wall thickening with submucosal oedema. Decreased
enhancement of the involved bowel suggests necrosis. Non-occlusive mesenteric ischaemia (NOMI) is related to
impaired SMA flow following global hypoperfusion associated with low-flow states. There are numerous findings in the
bowel characterised by diffuse extension. An absence of bowel enhancement and a thin bowel wall suggest necrosis
in NOMI. Finally, ischaemic colitis is a sub-entity of arterial AMI and reflects localised colon ischaemia-reperfusion
injury. The main CT finding is a thickened colon wall with fat stranding, which seems to be unrelated to SMA or inferior
mesenteric artery lesions. A precise identification and description of vascular lesions, bowel involvement and features
associated with transmural necrosis is needed to determine patient treatment and outcome.

INTRODUCTION without appropriate treatment in the late 1970s' and the
The bowel is a vital end organ like the brain or the heart. mortality rate remains as high as 80% in one of the most
Significant impairment of the splanchnic vascularisation recent registry studies.? Paradoxically, AMI has been “the
may lead to ischaemia (i.e., hypoxic-induced tissue damage elephant in the room” for decades. Although the prognosis
characterised by complete cell death), organ necrosis is known to be poor, there has been very little research on
(irreversible terminal ischaemic injury),and death. More this life-threatening disease. Unlike the brain or myocar-
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performed and solid recommendations exist, research in AMI
has been limited, mainly due to its the lower incidence.” In
1926, A. J. Cokkinis wrote that « [the] occlusion of the mesen-
teric vessels is apt to be regarded as one of those conditions of
which ... the diagnosis is impossible, the prognosis hopeless, and
the treatment almost useless ».> Unfortunately, this pessimism,
expressed nearly a century ago, is still shared by many physicians
today. This attitude plays a role in, and is also a result of, the poor
outcome of most of these patients. However, AMI is curable when
rapid revascularisation and/or bowel resection is performed
with a mortality rate of only 10-20% in some cohorts®® because
the reversibility of ischaemic damage depends on the extent of
tissue injury over time. Both survival and preventing extensive
bowel resection and short bowel syndrome (resulting in high
morbidity) should be the aim of treatment.® This shows the
importance of raising awareness and collective education.

The clinical suspicion of AMI is difficult because the main clin-
ical symptom is severe abdominal pain, which is fairly non-
specific. AMI was not suspected before computed tomography
(CT) in nearly 60% of confirmed cases and the diagnostic
accuracy was not found to be different between patients with
and without suspected AML’ Since CT is usually performed in
patients with severe abdominal pain, the diagnosis of AMI is
often based on the radiologist’s experience. Our group showed
that imaging without contrast administration was independently
associated with a delayed diagnosis, thus emphasising the need
for contrast-enhanced imaging in patients with severe abdom-
inal pain.® Moreover, although arterial phase images should be
acquired in case of suspected AMI to improve the detection and
description of vascular lesions, the diagnosis can still be made
with portal venous phase images, which are the only available
images in most cases.”

Unlike myocardial ischaemia, there are no reliable, accessible
blood biomarkers of AML' Normal serum lactate values are
often misleading and mistakenly reassuring. Indeed, normal
values are found in up to 70% of patients with AMI* and have
also been shown to be an independent predictor of a delayed
diagnosis.® Thus, serum lactate should only be used as a prog-
nostic marker associated with the onset and extent of transmural
necrosis.

Moreover, academic research and reviews of AMI have
mixed the different entities of this disease (venous, arterial
and non-occlusive)!'"* with confusing results for physi-
cians. Venous and arterial AMI are based on different patho-
physiological processes with different prognoses,' thus,
evaluating them together results in a significant bias.*'4-1®
Arterial and venous origins are clearly separated in other
organs such as the brain.

Survival depends on the severity of the ischaemic lesions
and the survival rate with or without transmural necrosis
is 65 to 98%, respectively. Complete transmural necrosis
of the entire intestinal wall defined histologically as diffuse
cellular coagulative necrosis extending to the three intes-
tinal tunics (mucosa, submucosa and muscularis propria)
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is always irreversible. Unfortunately, grading of the isch-
aemic injury is rarely reported in clinical studies. Therefore,
it is often difficult to determine the extent and severity of
disease in the included populations.'®™'® Furthermore, CT
features that are directly linked to transmural necrosis are
rarely reported even in reviews or textbooks. For example in
a frequently cited review published by Clair et al. in the New
England Journal of Medicine in 2016, the word “necrosis”
only appears twice."’

Another source of confusion about AMI is that occlusion of
a vessel does not necessarily mean ischaemia, especially if
none of the features of ischaemic bowel injury are observed.
There has been the same confusion for decades about acute
SMV thrombosis (SMVT) and acute venous mesenteric
ischaemia.’>”* Thus, it remains virtually impossible to
precisely predict which patients with acute SMVT will prog-
ress to AMI, although transmural necrosis is identified in
nearly 30% of patients with SMVT?** and 23 to 43% of bowel
resections.”

In arterial occlusive AMI (AAOMI), revascularisation is the
most effective bowel-saving treatment and bowel resection
can be markedly limited to use for damage control. However,
in the past, AMI has usually been managed by digestive
surgeons, rather than gastroenterologists, radiologists or
vascular surgeons. The rate of revascularisation in AAOMI
patients is increasing, especially by endovascular means but
remains low (approximately 20% in a recent regional cohort
study in Finland and 9% in a national registry study from
Estonia).>?**?” Descriptions of the lesions of the superior
mesenteric artery (SMA) in the recent literature are insuf-
ficient, with only a general description of the location of
lesions (“proximal” or “distal” SMA without clear anatomical
landmarks) or their extent.”'®?® Therefore, the description
of the SMA must be updated.

Thus, there is a clear need to improve the earlier detection
as well as the description, reporting, stratification and prog-
nosis of AMI, to optimise therapeutic decision-making and
benefit patients. For this, a more systematic, precise, prag-
matic and evidence-based approach is needed for this group
of diseases, like ischaemia in other organs. This review pres-
ents an up-to-date, evidence-based description with precise
insights from a specialised mesenteric stroke centre. Based
on the evidence and a decade of clinical experience, we then
illustrate our approach to suspected or confirmed cases of
AMI.

TECHNICAL CONSIDERATION

The use of a specific CT protocol is recommended and has
been extensively described and reported. A triphasic protocol
(unenhanced, early arterial, and portal venous phase) is
recommended in patients with clinically suspected AMI or
for monitoring after treatment. However, since most cases
of AMI are initially diagnosed without a clear clinical suspi-
cion, the complete protocol cannot be considered mandatory
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Table 1. CT protocol for clinical suspicion of AMI. This protocol is also used as a baseline or for follow-up imaging before or after

revascularisation or bowel resection

Non-contrast phase Arterial phase Portal-venous phase
Position Supine Supine Supine
Coverage Liver dome to pubic symphysis Liver dome to pubic symphysis Liver dome to pubic symphysis
Peak beam ernergy 120 kv 120 kv 120kv
mA mode Modulated Modulated Modulated
Pitch 1.375 0.984 0.984
Slice thickness 2.5mm 1.25mm 1.25mm

Image reconstruction overlap 1.25 x 1 mm

1.25 x 1mm 1.25 x 1mm

Field of view Large

Large Large

Acquisition time

Bolus-triggered (beginning of
the abdominal aorta) at 120 UH

50s after arterial phase

threshold
Iodine concentration 350 mgml ™
Contrast media dose 2mL/kg
Contrast media Flow rate 4mL/s

to reach the diagnosis.”?® Table 1 presents our detailed CT
protocol.

ARTERIAL OCCLUSIVE OR STENOTIC ACUTE
MESENTERIC ISCHAEMIA

Vascular involvement

The dominant form of arterial involvement is the occlusion of
the SMA with two main aetiologies: calcified atherosclerotic
thrombosis (related to a subacute process of plaque remodelling
which occurs more frequently in patients with multi-arterial
disease) or a recent clot related to a cardiac or aortic embolus.
However, it is difficult to precisely estimate the proportion of
each aetiology because they differ among studies and are often
not reported. Indeed, the relative proportion of atherosclerotic
thrombosis AMI and embolic AMI ranges from 42 to 62% and
38 to 58%, respectively.”>°

An accurate description of arterial occlusions is highly important
to make therapeutic decisions, e.g., deciding the best revasculari-
sation modality (endovascular or open) and technique (stenting,
thrombus-aspiration, in situ thrombolysis, etc.). However, in a
recent retrospective analysis of patients with arterial occlusive
AMI, the location of the occlusion was not mentioned in the CT
report in nearly 2/3 of the cases, was incorrect in 13%, incomplete
in 8% and appropriate (with a correct number and localisation of
the occlusions) in only 17%.’' Therefore, we recently introduced
a classification of the occlusive lesions of SMA (in AMI) similar to
the existing anatomical descriptions of the brain and myocardial
arterial anatomy. The goal of this classification was to improve
the CT reporting and help standardise results in future studies.*!
The SMA was divided into three parts (Figure 1); proximal SMA
(defined as the segment between the ostium and the origin of the
inferior pancreaticoduodenal artery), middle SMA (defined as
the segment between the origin of the inferior pancreaticodu-
odenal artery and the origin of the ileocolic artery) and distal
SMA (defined as the vascular bed downstream from the ileocolic

artery). A detailed description of the involvement of the jejunal
and colic arteries was also included.

Atherosclerotic

In atherosclerotic thrombosis, the SMA is infiltrated by diffuse
calcified or non-calcified plaques that predominate around the
ostium of the SMA.** Multiple associated stenoses of the SMA
site are frequently observed below the occlusion. The down-
stream vascular bed is generally opacified as collaterals usually
developed to compensate for the reduced blood flow. In partic-
ular, the celiac trunk is also often stenotic explaining why these
patients may develop AMI, despite collaterals.* Although the
etymological root of the word ischaemia is the ancient greek
iskhaimos, which can be translated into “stopping of the blood,”
blood flow does not need to stop completely to cause ischaemic
damage. Like in other organ ischaemias, significant inflow
impairment may be sufficient. Thus, although AMI can occur
in patients with severe stenosis of the SMA without complete
occlusion, this subentity has not been extensively studied so
there is confusion about “occlusive” versus “non-occlusive” AMI.
Indeed, haemodynamically significant yet stenotic AMI are part
of so-called “occlusive AMI” and non-occlusive mesenteric isch-
aemia (NOMI) is a different entity (see below). Although there is
no strict cut-off for the percentage of stenosis that increases the
risk of AMI, it is believed that >90% stenosis of the SMA or >70%
stenosis of both the celiac trunk and the SMA are risk factors.*

Embolic

In embolic AAOMI, the site of occlusion can involve all parts
of the SMA (segments S1, S2 or $3)** with a typical sharp end
to contrast-enhancement associated with a filling defect in the
distal SMA. Patients are usually younger than those with athero-
sclerotic AMI" and the process is more acute. Thus, patients have
fewer arterial collaterals. Careful analysis of the distal mesenteric
vasculature is recommended because small clots may be located
in distal branches (jejunal arteries, colic arteries or the distal part
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Figure 1. lllustration of the superior mesenteric artery segmentation®
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of the SMA [segment $31).%0 Synchronous emboli can be visual-
ised in other organs in nearly 70% of patients. The most frequent
sites are the lower limbs (27%), the kidney (18%), the brain (15%)
and the spleen (10%).”® In most patients, these emboli originate
from the heart, especially from the auricle of the left atrium.*

/solated mesenteric artery dissection

Acute and spontaneous isolated mesenteric artery dissection
rarely causes AAOMI (<5% of all causes). Isolated mesenteric
dissection usually occurs in males between 45 and 55 years of
age with no particular medical history. Most cases of AAOMI
with isolated mesenteric artery dissection involve type III dissec-
tion according to the Yun classification® with the lesions leading
to complete occlusion of the SMA.** Type III dissection is found
in fewer than 20% of SMA®** and can be confused with an
embolus because complete thrombosis of the vessel can mask the
true and false lumen. A wall hematoma or enlargement of the
SMA suggests dissection.” It is important to consider that this
aetiology in AMI in middle-aged patients, especially when no
obvious cause of emboli is found. Since abdominal pain is related
to both potential AAOMI and the dissection itself, it is not easy to
clinically discriminate uncomplicated from complicated dissec-
tions.”* In one retrospective study, our group reported that the
total length of the dissection (approximatively>6cm) and a ratio
of true lumen/overall lumen>50% were associated with AMI.*®

Bowel involvement

Ischaemic injury - early form

Occlusive AMI is a dynamic process that worsens over time.
There is ischaemic injury to the bowel in the early phase but
no transmural necrosis. Thus, identifying the early features
of ischaemic intestinal injury is highly important. The main
feature is decreased bowel wall enhancement directly related
to diminished perfusion in other organs (Figure 2). This
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decreased enhancement has been well illustrated in pre-clinical
studies® ™ and has been found to be highly specific for bowel
ischaemia (specificity of 97% in the study by Kirkpatrick et al.,*’
98% in Schieda et al.” and 99% according to Yikilmaz et al*!).
These values do not seem to be influenced by the CT protocol.”
However inter-reader agreement is still low'® with significant
variability across studies, mainly because of the purely qualita-
tive and visual diagnosis. The reported prevalence of decreased
bowel wall enhancement ranges from 18% to 929%.*!4-16:40-47
This variability may be explained by the inclusion of AMI of
various causes (arterial, venous and NOMI) in these studies.
Calame et al.* specifically reported the prevalence of decreased
enhancement due to an arterial cause in 81% of patients. One
crucial point is that in most patients, the lesions are segmental
and do not involve the whole bowel. Therefore, radiologists need
to compare segments with suspected ischaemia with normal
segments to improve the identification of decreased enhance-
ment. This is especially true when portal venous phase images
are available but no unenhanced or arterial phase images. To the
best of our knowledge, no differential diagnosis exists in patients
with decreased enhancement of the bowel wall.

Spontanenous bowel wall hyperattenuation on unenhanced CT
has been suggested to be associated with ischaemia, especially in
the setting of bowel obstruction. It corresponds to haemorrhagic
congestion or intramural haematoma. In our experience, these
are depicted in patients with reperfusion injury, venous mesen-
teric ischaemia or even in NOMI but not in pure forms of arterial
occlusive mesenteric ischaemia.

Necrotic - late form

The diagnosis of late AMI (i.e., when irreversible transmural
necrosis occurs) is of clinical importance as this signifi-
cantly changes therapeutic management because patients are
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Figure 2. Example of decreased bowel wall enhancement in early arterial occlusive acute mesenteric ischaemia. Panel A shows
a non-dilated bowel, but some segments are hypoenhancing compared to others (arrows), with clear demarcation between
ischaemic and non-ischaemic segments. Different bowel segments can be seen on panel B: mildly hypoenhancing non-dilated
loop suggesting ischaemic injury (left side), a normal enhancing non-dilated loop free from ischaemic involvement (middle) and a
hypoenhancing slightly dilated loop suggesting more advanced ischaemic, but still non-necrotic, lesions (right side).

candidates for surgical bowel exploration (Figures 3 and 4).
Although the time from ischaemia to infarction is unknown,
like in cerebral or myocardial infarction, it probably depends
on collateral vessels.***’ In one of the rare prospective studies
of AMI, our group identified three features that independently
predicted transmural necrosis: any type of organ failure, serum
lactate>2 mmoll™ and small bowel dilatation (i.e., > 25mm).*
The rate of transmural necrosis was shown to increase with the
number of factors, reaching 100% when all three are present.
Although a recent meta-analysis confirmed that small bowel
dilatation is suggestive of necrosis,”® this sign can only be inter-
preted as a sign of bowel necrosis if the diagnosis of AMI is made.
Isolated small bowel dilatation does not suggest AMI.

Bowel wall pneumatosis is normally described in late AMI.*0->!
However, it develops late and only 5% of patients with necrotic
AMI were found to have pneumatosis in the study by Nuzzo et
al..* It is important to note that several studies failed to identify
this feature as a marker of transmural necrosis because the bowel
can still be viable in certain patients with bowel wall pneuma-
tosis.'***>* This is especially true when pneumatosis is isolated
and not associated with portal venous gas. Thus, the impact of
this entity is still a matter of controversy.”

Interestingly, one study reported that higher thrombus attenua-
tion values (> 36 HU) were associated with transmural necrosis in
embolic cases of arterial occlusive AMIL>® This was interpreted as a
sign of a higher erythrocyte (higher HU values) over fibrin (lower
HU values) ratio in clots and, therefore an indicator of prolonged
ischaemia because the proportion of erythrocytes in thrombi grad-
ually increases as they become trapped in a fibrin mesh. In addi-
tion, a few studies have reported that ascites may be associated with

transmural necrosis**”” but the evidence is limited. Finally, our
group recently showed that patients with colonic involvement in CT
had a higher rate of transmural necrosis, mortality and morbidity
rates than those without.”**® Thus, colonic lesions should be care-
fully evaluated on the initial CT scan.

Post-therapeutic aspects

Ischaemia-reperfusion injury (RI) following mesenteric isch-
aemia is characterised by massive acute neutrophilic inflamma-
tion caused by secondary blood reflow. It is the result of oxidative
stress following reperfusion that increases reactive oxygen
species and local inflammation leading to cell death. This has
been studied in pre-clinical models in various organs, especially
the heart, the brain, the liver and the bowel. Our group recently
described the appearance of RI after revascularisation in arterial
occlusive AMI on CT.* Reperfusion injury occurred in approxi-
matively 40% of patients a median of 40 h after revascularisation.
RI can mimic residual or recurrent AMI because patients present
with abdominal pain, possible rectal bleeding, and elevated CRP.
Lesions typically present as bowel wall thickening (mean 9 mm)
on CT, hypoattenuating oedema of the submucosa, hyperen-
hancement of the mucosa, fat stranding, dilated draining veins
and fluid adjacent to the involved bowel loop.* These features
were present in nearly 90% of the patients with RI (Figure 5).
Intra-luminal haemorrhage was inconsistent and found in nearly
20% of patients. It is important to note that RI is not associated
with a poorer prognosis.60

VENOUS ACUTE MESENTERIC ISCHAEMIA

This section discusses bowel ischaemia complicating splanchnic
vein thrombosis or occlusion. Ischaemia complicating mechan-
ical bowel obstruction is not included because the primary cause
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Figure 3. 87-year-old female patient with early acute occlusive arterial mesenteric ischaemia (AMI). Image A shows occlusion of
the distal segment of the superior mesenteric artery (SMA, segment S3) by a clot (arrow) with patent proximal and middle SMA
(segment ST and S2) and ileocolic artery (arrowheads). Images B and C show decreased enhancement of a non-dilated ileal wall
(arrows) with normal enhancement of the adjacent small bowel (star). These features suggest early non-necrotic AMI. However,
the patient underwent ileocecal resection in another institution. The pathologic examination showed a yellowish mucosa with a
tiger stripe appearance but with a normal outer layer (macroscopic appearance D) and no transmural necrosis on pathology. This
patient had a Clichy score of 0/3 (small bowel diameter <25mm, lactate <2mmol |~ and absence of organ failure) and could have

avoided resection if properly revascularised.

a

:
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is not vascular per se. Indeed, the ischaemic complication is
caused by torsion of the vascular pedicle of the bowel. Neverthe-
less, the appearance of bowel lesions on imaging is comparable to
that observed in venous AMI.*¢¢!

Data on venous AMI are scarce compared to AAOMI mainly
because most studies evaluate portal vein or SMV thrombosis
specifically or it is mixed with arterial occlusive AMI. However,
there are still several important messages.

Vascular involvement

SMVT is part of the broader spectrum of portal vein thrombosis
(PVT). Nearly 60% of patients with PVT have associated SMVT.%
Chronic SMVT detected in the presence of non-enhancing and
narrowed mesenteric veins will not be discussed because it is not
a cause of AML.

Acute SVMT has been found to be isolated in approximately 25%
of cases.®®> One specificity of acute SMVT (rather than PVT) is
that the prognosis is directly linked to the onset of bowel isch-
aemia which may evolve into necrosis.*> There are numerous

causes of acute SMVT that are usually classified as primary (idio-
pathic) or secondary,” but the clinical relevance of this simplifi-
cation is limited because an increasing number of predisposing
disorders have been discovered and diagnosed. The classifica-
tion inspired by Acosta et al.?’ separates causes into three main
groups (i.e., local inflammation, thrombophilia, and chronic
venous insufficiency) and is preferable, although associated local
and systemic factors often co-exist.**

Thrombophilia

Thrombophilia is defined as a disorder that is associated with an
increased tendency to develop thrombosis, either acquired or
inherited. Discussing the numerous causes of thrombophilia is
not clinically relevant for imaging because the features of SVMT
are not believed to differ on CT. The JAK2-V617F mutations
seem to be dominant in acquired thrombophilia.®> On imaging,
thrombosis can involve the entire mesenteric venous network.
Involvement of the proximal vein in thrombophilia-related
SMVT makes it more prone to bowel ischaemia, as illustrated
in an old animal study.*® Thrombosis is often seen as a luminal
filling defect with well-defined peripheral rim enhancement of
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Figure 4. Example of a delayed diagnosis resulting in transmural necrosis in a 56-year-old male patient. This patient presented in
the emergency department with marked and intense abdominal pain. Because of acute kidney injury, he underwent non-contrast
abdominal computed tomography (to rule out a perforated ulcer), showing isolated dilatation of the ileum (A). He was admitted
for observation, but he presented with sepsis and lactic acidosis 12 hours later. He underwent a contrast-enhanced computed
tomography (B, portal venous phase), showing a hypo-enhancing dilated ileum and occlusion of the superior mesenteric artery
(not depicted here). Two and a half meters of small bowel were resected. The patient is alive but now has short bowel syndrome.

B

the venous wall (vasa vasorum) in thrombophilia-related SMVT
(Figure 6).

Underlying chronic mesenteric venous insufficiency
Underlying chronic mesenteric venous insufficiency corresponds
to decreased venous drainage with decreased venous blood flow,
favouring the onset of partial or complete thrombosis. The main
aetiology is portal hypertension complicating advanced chronic
liver disease. It can also be found with other causes of portal
hypertension or segmental portal hypertension. PVT occurs
in approximately 10% of patients with cirrhosis®”*® and SMV'T
develops by direct extension. Amitrano et al found that SMVT
occurs in 15% of patients with cirrhosis and PVT, and mesenteric
ischaemia in 10% of the cases of cirrhosis-related SMVT.*’

Local inflammation of the superior mesenteric vein
or its branches

A local risk factor for thrombosis is identified in 25% of patients
with SMVT.? The three leading causes are cancer, inflamma-
tion or trauma (surgical or not). These cases of thrombosis
are believed to be less prone to bowel infarction because they
are generally localised segmental thromboses that are rapidly
compensated by the development of collaterals. Tumours that

encase or occlude the SMV, especially distal branches, rarely
cause ischaemia because the vascular occlusion is not acute.
It gradually worsens with tumour growth and collateral circu-
lation usually develops. Tumours that invade smaller and
more proximal branches (e.g., the ileal veins), such as midgut
neuroendocrine tumours, are more likely to be complicated by
bowel ischaemia.®® Acute pancreatitis, especially necrotising,
often causes splenic vein thrombosis but is rarely associated
with an SMVT, with an estimated incidence ranging from 2
to 14%.”7% Bowel necrosis following acute pancreatitis is
also highly uncommon.”! SMVT complicating inflamma-
tory bowel diseases is even rarer, with a reported prevalence
of nearly 1%.”> Finally, SMVT associated or not with bowel
ischaemia is extremely rare after surgery or mesenteric trauma
(estimated<1%).

Bowel involvement

Acute SVMT is symptomatic in nearly 90% of patients, but
almost half of the patients with symptomatic SMVT do not expe-
rience bowel ischaemia.'”%*% Ischaemia is difficult to detect in
patients with SMVT and ischaemia is difficult to differentiate
from necrosis for several reasons:
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Figure 5. An 86-year-old female patient presented to the
emergency department with marked abdominal pain requir-
ing morphine and elevated serum lactate at 3.2 mmol|™". Image
A shows an embolus of the middle and distal segments of the
superior mesenteric artery (segment S2 and S3, arrow). Unen-
hanced computed tomography (B) showed dilatation of the
ileum (arrow) and portal-venous phase (C) showed decreased
bowel enhancement. This patient underwent bowel resection
because of extensive macroscopic signs of necrosis (D) with 1
m of small bowel left in place. Transmural necrosis was found
in microscopic evaluation.

o The presence of isolated abdominal pain does not suggest
ischaemia;

o The CT features of benign bowel venous congestion overlaps
with those of ischaemia; and

o CT studies are rare in these cases and rarely differentiate
between ischaemia and necrosis.

Ischaemic injury - early form

The presence of hypoattenuating bowel wall thickening with a
multiple-layer appearance suggesting submucosal bowel oedema
is the consistent finding on CT. In addition, ascites is also
common, corresponding to mesenteric congestion or oedema'’
and intramural haematoma can also been found.

Necrotic - late form

The factors associated with necrosis in venous MI are not well
known because studies usually focus on patients with SMVT and
not venous AMI per se. For instance, Elkrief et al showed that
patients with acute SMV'T and underlying diabetes mellitus have
an increased risk of requiring intestinal resection.”* Neither local

Garzelli et a/

factors nor systemic prothrombotic conditions were associated
with intestinal resection. When second-order radicles of the
SMV were found to be preserved on CT scan the risk of severe

resection was low.”*

In one recent study, Jiang M et al. included more than 200 patients
with venous AMI and found that decreased bowel enhance-
ment was an independent predictor of transmural necrosis**
(Figures 7 and 8). This finding has already been suggested in
smaller studies®”® and in a meta-analysis.”® Bowel dilation is not
a good predictor of transmural necrosis because it is one of the
first features of venous AMI. In addition, there is still no predic-
tive score for necrosis in venous AMI (Table 2).

NON-OCCLUSIVE MESENTERIC ISCHAEMIA

NOMI corresponds to mesenteric vascular insufficiency related
to a low-flow state, hypotension or hypoxemia. It usually occurs
in critically ill patients with prolonged shock or high doses of
catecholamines. Although NOMI is usually regarded as a spasm
of the splanchnic vessels, especially the SMA, this is an oversim-
plification of a more complex multifactorial process. Coronary
and cerebral spasms are well known, but until recently there have
been very few studies of NOML

Vascular involvement

As in all vasospasms, the SMA is patent in NOMLI, but its calibre
may be decreased (especially compared to prior CT).””~”® Some
authors have also reported a decrease in the diameter of the
SMV.’® At present, irregularity of the vessel with focal narrowing
(as described in cerebral Vasospasmsso) with a tendency to
spare the bifurcations is considered to be highly suggestive of
this condition, rather than a decrease in the calibre of the SMA,
which may be difficult to identify. Thus, CT is an appropriate
non-invasive method for diagnosing NOMI® and invasive
angiography should not be performed for diagnostic purposes.
It should be noted that the long-standing association between
atherosclerosis and NOMI was challenged in a recent study
suggesting that SMA atherosclerosis is not a risk factor for NOMI
in critically ill patients.®*

Bowel involvement

Ischaemic injury - early form

NOMI is a dynamic, locally reversible and changing state of
vascular impairment.

Unlike AAOM]I, it is not linearly time-dependent. Thus, a
complex association of ischaemia, reperfusion and necrosis may
coexist. The CT features of NOMI are therefore numerous, alter-
nating from bowel wall thickening (hypothesised to be related
to reperfusion injury’”’) and thinning, abnormal bowel wall
enhancement (increased or decreased), and normal segments
with abnormal ones. In approximately 25% of patients, the intes-
tinal injury is diffuse.”>”” Bowel dilatation is found in 40% of
patients, and pneumatosis (with or without portal venous gas) in
30 to 40% of patients on the first CT evaluation.”>”” They should
notbe regarded as features of transmural necrosis. Indeed, NOMI
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Figure 6. Acute embolic occlusive arterial mesenteric ischaemia in a 60-year-old male patient. Images A and B show an embo-
lus of the superior mesenteric artery with decreased enhancement of the ileum (arrow). This patient underwent open surgical
thrombectomy resulting in complete revascularisation. Images C and D show the follow-up CT scan with a patent SMA and bowel
wall thickening (with associated hypoattenuating oedema of the submucosa and hyperenhancement of the mucosa) of the ileum

(arrow) suggesting a reperfusion injury.

is frequent in ICU or post-operative cases where a diffuse bowel
ileus is nearly always present. Also, due to the non-linear time-
dependent pathophysiology, pneumatosis (which can be inter-
preted as a mere disruption of the mucosa without transmural
necrosis), favoured by bacterial translocation, is more frequent
in NOMI than in AAOMI*® (Figure 9). Non-specific signs such
as ascites or fat stranding are usually present.”>”’

Necrotic - late form

Approximately 50 to 65% of patients with NOMI undergo
bowel resection for suspected transmural necrosis.””** In 2021,
Calame et al showed that the Clichy score? (initially developed
for patients with AAOMI) inaccurately predicted transmural
necrosis in NOMI. The authors identified two CT factors (i.e.,
an absence of bowel wall enhancement and a thin bowel wall’®)
as independent predictors of transmural necrosis in NOMI.
These features, along with prothrombin rate (inferior to 40%)
and plasma bicarbonate concentration (inferior to 15mmoll™"),
were combined into a NOMI-ITN score whose performance is
excellent.* In addition, Verdot et al confirmed that the absence of
wall enhancement was the most consistent feature of bowel wall
necrosis regardless of the involved bowel or colonic segment,
while a thin bowel wall was the most specific CT feature of small
bowel transmural necrosis.®

Implication for prognosis

Besides making the diagnosis of transmural necrosis to deter-
mine which patients can benefit from bowel resection, abdominal
CT provides crucial features about the prognosis of patients with
NOMILI. Indeed, visualisation of kidney infarction on CT was found
to be an independent predictor of 28-day mortality® while athero-
sclerosis (quantified by a mesenteric calcium score) was associated
with death within 24h.%° The occurrence of RI (bowel wall thick-
ening) seems to have a positive impact on survival’” but the bowel
enhancement pattern is not associated with survival. %

ISCHAEMIC COLITIS

Although for some authors, ischaemic colitis (IC) is part of the
spectrum of arterial AMI, it has certain specificities and should be
described separately.®’ It is different from colonic ischemia compli-
cating AMI, or from colonic ischemia complicating vascular or
abdominal surgery. IC is a localised ischaemia-reperfusion injury
mostly caused by transient haemodynamic variations (systemic
hypotension, decreased cardiac output, aortic surgery, dialysis, and
so on). However, the cause is rarely identified and colonic arteries
(from the SMA or the inferior mesenteric artery) are usually patent.
IC is usually segmental and rarely affects the whole colon.*® The
main CT finding is hypoattenuating bowel wall thickening with
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Figure 7. Example of acute superior mesenteric venous thrombosis in a 48-year-old female patient with abdominal pain. Images A
and B show complete thrombosis of the superior mesenteric vein with parietal enhancement and adjacent fat stranding (arrows)
corresponding to thrombosis. In images C and D, the bowel shows no features of ischaemic injury (i.e., normal enhancement, no
wall thickening).

adjacent fat stranding®® but this is highly non-specific since infec- 25-30%.%! Importantly, right-sided IC should be considered to
tious or inflammatory colitis can have the same findings. Submu- be a form of AMI until proven otherwise.

cosal oedema is frequent and it is believed to correspond to the

resorption of oedema that generates local inflammation.”® The left The median length of the abnormal colon is approximately
colon is involved in 30-50% of the patients and the right colon in 20 cm, and mean wall thickening is approximately 8 mm.®

Figure 8. Necrotic acute venous mesenteric ischaemia in a 59-year-old female patient who presented to the emergency depart-
ment for marked abdominal pain requiring morphine. Images A, B and C show hypoattenuating bowel wall thickening with a
multiple-layer appearance, suggesting submucosal bowel oedema (arrow) with complete superior mesenteric vein thrombosis
(A, arrowhead) and ascites (A, star). In addition, the involved bowel loops showed decreased enhancement suggesting necrosis.
Image D shows the macroscopic analysis with a dark brown small bowel and congestive mesentery with transmural necrosis plus
haemorrhage on microscopy.
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Table 2. Short-term research priorities in the radiological evaluation of acute mesenteric ischaemia.

Arterial

External validation of the Clichy necrosis score?

Prospective evaluation of the value of the decreased bowel wall enhancement in early AMI
Assessment of the impact of dual-energy CT for the analysis of the bowel wall enhancement
Standardisation and refinement of AMI definitions

Reappraisal of the value of pneumatosis intestinalis

Comparison of arterial stenosis and occlusion

Venous o Elaboration of a dedicated necrosis score

Non-occlusive « External validation of the NOMI-ITN score’®

Ischaemic colitis » Identification of specific CT features (individually or as a dedicated score)

AMI, acute mesenteric ischaemia; CT, computed tomography.

Pneumatosis is reported in nearly 5% of cases, and the resec-
tion rate is approximately 20%.*®°! Indications for resection
are mostly based on the importance of the inflammatory
process (local and systemic), but most cases resolve spon-
taneously. Revascularisation can be discussed in case of
significant SMA stenosis, but should be delayed, and prompt
resection of the injured colon should be performed when
needed.”® The mortality rate is approximately 10%,*>*!
higher when the right colon is involved.”** Recurrence
rarely occurs.”® Clinical and biological features (rather than
CT findings) are associated with outcomes and are valuable
in assessing the severity of disease.”

CONCLUSION

This review article proposes a diagnostic approach to AMI
with particular focus on the classification of the different
forms of disease. There are several specific messages for
radiologists. First, CT is the cornerstone of the diagnosis
and should be performed rapidly, 24/7 and be contrast-
enhanced. While the appropriate triphasic CT protocol is
highly recommended, portal venous phase images identify the
main features: decreased bowel wall enhancement, bowel wall
thickening or thinning, pneumatosis, submucosal oedema,

dilatation and even occlusion of the proximal and middle part
of the SMA. Second, besides the diagnosis, radiologists must
also search for and report features of bowel necrosis to assess
disease severity. This important semiology differs according
to the type of AMI. In Table 3, we have synthetised the typical
clinical presentation and recanalisation options depending on
different forms of AMI. Radiologists should remember that
serum lactate is not a diagnostic biomarker of AMI but merely
a prognostic indicator. Normal serum lactate level does not
rule out the diagnosis. Finally, acute vascular lesions can
cause intense abdominal pain (directly related to the vessel
wall injury) and may not be related to ischaemia. This is espe-
cially true for SMVT-related thrombophilia or spontaneously
isolated dissection of the SMA. However, the visualisation of
any type of vascular injury should lead to a careful analysis of
the bowel to detect any ischaemic bowel injury.

Most pre-existing reviews have mixed features of ischaemic
bowel injury with different aetiologies and degrees of severity,
resulting in unclear messages. The lack of prospective studies
and the disproportionate number of pre-clinical studies are
also a major drawback in modern AMI research. This is why
the current review is supported by recent references, purposely

Figure 9. Non-necrotic non-occlusive mesenteric ischaemia in a 69-year-old male patient after aortocoronary bypass. Biolog-
ical laboratory tests showed a lactate concentration of 5mmoll™, a prothrombin rate of 79% and a bicarbonate concentration
of 22mmoll™. Image A shows a diffuse spasm of the superior mesenteric artery. Image B shows a small bowel dilatation with
persistent wall enhancement, and image C shows portal venous gas (secondary to bowel wall pneumatosis, not shown). Despite
the presence of pneumatosis, this patient had a low risk of necrosis according to the NOMI-ITN score.”® The patient underwent a
laparotomy that did not reveal any bowel necrosis.
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Table 3. Typical clinical presentation and recanalisation options depending on the type of acute mesenteric ischaemia.

Typical clinical presentation

Recanalisation options
(Laparoscopic bowel evaluation is driven by the
prediction of transmural necrosis)

fibrillation

Atherosclerotic AMI Possible history of chronic mesenteric ischaemia Endovascular revascularisation:
Sudden abdominal pain in a patient with multi-arterial « Stenting
disease Open revascularisation:
« Retrograde open mesenteric stenting
« Antegrade or retrograde by-pass
Embolic AMI Sudden marked pain in a patient with a history of atrial Endovascular revascularisation:

o Thrombus-aspiration

« Catheter-directed thrombolysis

Open revascularisation:

»  Open thrombectomy with patch repair

Isolated SMA dissection

Sudden marked abdominal pain (epigastric) in middle-
aged males without known atherosclerosis

Revascularisation only if bowel ischaemia (low evidence):
o Endovascular: catheter directed thrombolysis
o Open: intimal repair

Venous AMI

Abdominal pain and inflammatory syndrome in females
with history of venous thrombosis

Anticoagulation therapy.

If worsening despite adequate anticoagulation:

o Transhepatic/transjugular
aspiration+catheter-directed
evidence)

thrombus-
thrombolysis (low

ischaemia

Non-occlusive mesenteric

pain/distension

Intensive care unit patient with shock and abdominal

Intensive resuscitation.
Local intra-arterial vasodilator infusion (low evidence)

Ischaemic colitis

Abdominal guarding with inflammatory syndrome
mimicking infectious colitis.

No revascularisation.

AMI, acute mesenteric ischaemia.

excluding review papers. The current approach should improve
our understanding of the ischaemic-to-necrotic process in occlu-
sive arterial, venous or non-occlusive forms of this disease. We
call for international collaborations to bridge the gap between
AMI and cardiovascular or neurovascular research. Table 3
provides a short list of the main research priorities in AMI.

Patient

stratification and prognostic criteria are needed.
We encourage the use of classifications and scores (Table 4)
including anatomical segmentation of the SMA, and scores to
assess the probability of necrosis in occlusive AMI and NOMI
or to describe spontaneous isolated dissection of the SMA.
Moreover, standardisation of terminology is highly important.

Table 4. Summary of the main vascular and bowel features on CT according to the type of acute mesenteric ischaemia (AMI)

Imaging features of

Imaging features of
ischaemic injury (early

Imaging features of
transmural necrosis

Predictive score of

vascular lesions AMI) (late AMI) transmural necrosis
Arterial occlusive o Atherosclerosis Decreased enhancement of the e Small bowel | « Lactate >2mmoll™!
AMI o Embolus bowel wall dilatation>25 mm ¢ Small bowel dilatation>25mm
« Isolated SMA dissection « Pneumatosis / PV gas +  Organ failure*

Venous AMI

o Local SMV injury

o Thrombophilia

«  Chronic
insufficiency

SMV

o Bowel wall
thickening+multiple-layer
appearance

e Ascites with mesenteric
congestion

Decreased enhancement of | e
the bowel wall

Pending

Non-Occlusive
Mesenteric Ischaemia

Low flow states: spasm of
the SMA

Various, simultaneous, and
diffuse features

Absence of bowel wall | «
enhancement .
Bowel wall thinning

Bowel wall thinning

Absence of bowel wall

enhancement

« Plasma bicarbonate
concentration<15mmoll ™,

«  Prothrombin rate<40%’°

Ischaemic colitis

Normal

Possible stenosis or
occlusions of the SMA/IMA
are not related to the bowel
lesions

Non-specific signs Prognosis directly linked to the local and systemic inflammatory process

IMA, inferior mesenteric artery; PV, portal vein; SMA/V, superior mesenteric artery/vein.
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For example, the features of ischaemia should be separated
from those of necrosis, and this needs to be done for each AMI
sub-entity separately. Similarly, the features of reperfusion
should not be confused with ischaemia, although the two can

coexist.

BJR

Besides the need to raise awareness and adopt a common
rigorous language for AMI, its management should be based
on a dynamic and coordinated network of dedicated physicians,
surgeons and radiologists. The mesenteric stroke centre we

represent is an example of this type of organisation.
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