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guidelines are dedicated to Paola De Rango, University of Perugia, Italy. She participated very actively in the process of
oping these guidelines, in particular the important chapters on chronic arterial and venous mesenteric ischaemia. Six
after the second meeting of the task force she died unexpectedly, to our great despair and loss. We honour her
ation and scientific integrity by completing these guidelines. Among many other commitments she was a very pro-
e reviewer and an associate editor of this journal. You can read more about Paola’s important contributions to science
o the vascular community in the April 2016 issue of the European Journal of Vascular and Endovascular Surgery.1

Dr Paola De Rango, July 28, 1966 e February 21, 2016
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Syndrome
1. INTRODUCTION AND GENERAL ASPECTS the ESVS Guidelines Committee, externally by invited
1.1. Introduction and methods

Members of this Guideline Writing Committee (GWC) were
selected by the European Society for Vascular Surgery (ESVS)
to represent physicians involved in the management of pa-
tients with diseases of the mesenteric arteries and veins. The
members of the GWC have provided disclosure statements of
all relationships that might be perceived as real or potential
sources of conflict of interest.These disclosure forms are kept
on file at the headquarters of the ESVS. The GWC report did
not receive financial support from any pharmaceutical, de-
vice, or surgical company.

The ESVS Guidelines Committee was responsible for the
endorsement process of this guideline. All experts involved
in the GWC have approved the final document. All versions
of the guideline were reviewed internally by the GWC and
external reviewers, and approved by the Editors of the
European Journal of Vascular and Endovascular Surgery.

1.1.1. The purpose of these guidelines. The ESVS has
developed clinical practice guidelines for the care of pa-
tients with diseases of the mesenteric arteries and veins,
with the aim of assisting physicians in selecting the best
management strategy. This guideline, established by mem-
bers of the GWC, who are members of the ESVS or non-
members with specific expertise in the field, is based on
scientific evidence completed with expert opinion on the
matter. By summarising and evaluating the best available
evidence, recommendations for the evaluation and treat-
ment of patients have been formulated.

The recommendations are valid only at the time of
publication, as technology and disease knowledge in this



Table 2. Classes of recommendations.
Classes of
recommendations

Definitions

Table 1. Levels of evidence.

Level of evidence A Data derived from multiple
randomised clinical trials or meta-
analyses

Level of evidence B Data derived from a single
randomised clinical trial or large
non-randomised studies

Level of evidence C Consensus of opinion of the experts
and/or small studies, retrospective
studies
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field changes rapidly and recommendations can become
outdated. It is an aim of the ESVS to revise the guidelines
every 3 years or when important new insights in the eval-
uation and management of diseases of the mesenteric ar-
teries and veins become available.

Although guidelines have the purpose of promoting a
standard of care according to specialists in the field, under no
circumstance should this guideline be seen as the legal stan-
dard of care in all patients. As theword “guideline” implies, the
document is a guiding principle, but the care given to a single
patient is always dependent on the individual patient (symp-
tom variability, comorbidities, age, level of activity, etc.),
treatment setting (techniques available), and other factors.
Class I Evidence and/or general agreement
that a given treatment or procedure
is beneficial, useful, effective

Class II Conflicting evidence and/or a
divergence of opinion about the
usefulness/efficacy of the given
treatment or procedure

Class IIa Weight of evidence/opinion is in favour
of usefulness/efficacy

Class IIb Usefulness/efficacy is less well
established by evidence/opinion

Class III Evidence and/or general agreement
that the given treatment or procedure
is not useful/effective, and in some
cases may be harmful
1.2. Methodology

1.2.1. Strategy. The GWC was convened on October 9, 2015
during a meeting in Brussels. At that meeting the tasks in
creating the guideline were evaluated and distributed
among the committee members. The same methodology for
guideline development, as proposed by the ESVS guideline
committee, was followed as for the development of ESVS
guidelines for venous disease.2 The final version of the
guideline was submitted on November 26, 2016.

1.2.2. Literature search and selection. Members of the
GWC, supported by clinical librarians performed the literature
search for this guideline systematically in Medline (through
PubMed), Embase, Cinahl, and the Cochrane Library up to
December 1, 2015. Reference checking and hand search by the
GWC members added other relevant literature. A second
literature search on papers published between 2015 and 2016
was performed in August 2016. The members of the GWC
performed the literature selection based on information pro-
vided in the title and abstract of the retrieved studies.

Several relevant articles published after the search date
or in another language were included, but only if they were
of paramount importance to this guideline.

Criteria for search and selection were:
Languages: English, German, and French
Level of evidence: Selection of the literature was

performed following the pyramid of
evidence, with aggregated evidence in
the top of the pyramid (multiple
randomised trials, meta-analyses), then
single randomised controlled trials,
then observational studies (Table 1).
Single case reports, animal studies, and
in vitro studies were excluded, leaving
expert opinions at the bottom of the
pyramid. The level of evidence per
section in the guideline is dependent
on the level of evidence available on
the specific subject.

Sample size: If there were relatively large studies
available, with a minimum of 20
subjects per research group, only these
were included. If not available, smaller
studies were also included.
1.2.3. Weighing the evidence. To define the current
guidelines, members of the GWC reviewed and summarised
the selected literature. Conclusions were drawn based on
the scientific evidence.

The recommendations in these guidelines are based on
the European Society of Cardiology grading system.3 For
each recommendation, the letter A, B, or C marks the level
of current evidence (Table 1). Weighing the level of
evidence and expert opinion, every recommendation is
subsequently marked as class I, IIa, IIb, or III (Table 2). More
information on the process of how guidelines are developed
by the ESVS can be found on the ESVS web-site (esvs.org).
1.3. Terminology and definitions

The commonly used nomenclature is confusing, and for this
guideline choices have had to be made. For a disease that is
under-appreciated, recognition is important. Well-
established terms were therefore chosen over ‘anatomi-
cally more correct’ terms. Thus, ‘mesenteric’ and not
‘splanchnic’ was used to indicate the coeliac artery (CA), the
superior (SMA) and inferior mesenteric arteries (IMA), and
ischaemia in that region, as it is used five times more often
in the literature. Diseases of the renal arteries are not
covered by these guidelines.

Mesenteric disease can be divided according to three
characteristics: (i) presence of symptoms (or not); (ii) clinical
presentation: acute, chronic, and acute on chronic
ischaemia; and (iii) vessel involvement (the identification

http://esvs.org
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and number of involved arteries, venous obstruction, or
external compression).

Acute mesenteric ischaemia (AMI) is defined as the
occurrence of an abrupt cessation of the mesenteric blood
flow with development of symptoms that may vary in time
of onset from minutes (in embolism) to hours (in athero-
thrombosis). The leading symptom is severe abdominal
pain that may progress to bowel necrosis and peritonitis in
days, if left untreated.

Chronic mesenteric ischaemia (CMI) is defined as
ischaemic symptoms caused by insufficient blood supply to
the gastrointestinal tract with a duration of at least 3
months. The typical presentation includes postprandial pain,
weight loss resulting from fear of eating, or unexplained
diarrhoea.

Acute on chronic ischaemia is defined as AMI in patients
who previously had typical symptoms of CMI. Often, the
symptoms of CMI worsened over the preceding weeks with
periods of prolonged and more severe pain, pain even
without eating, onset of diarrhoea, or inability to eat at all.

Mesenteric ischaemia can be caused by obstruction of
arteries and/or veins, and by vasoconstriction of structurally
normal vessels: non-occlusive mesenteric ischaemia
(NOMI).

The main causes of mesenteric arterial obstruction are
atherosclerotic disease, athero-thrombosis, arterial
dissection, and arterial embolism. The main sources of
embolism are the heart, especially in atrial fibrillation, and
the aortic arch. Vasculitis of the mesenteric vasculature is
rare, and can lead to abdominal complaints and bowel
infarction, but this condition is not covered by these
guidelines. Extrinsic compression of the mesenteric vessels
can be caused by the crura of the diaphragm, or by tumour
invasion, especially in pancreatic cancer. Congenital mal-
formations (such as the mid-aortic syndrome or gut mal-
rotation), and strangulation resulting from hernia are not
covered by these guidelines.

NOMI is the ultimate consequence of circulatory failure.
During low flow states blood flow is redistributed to
maintain perfusion of vitally important organs (brain, kid-
neys, and heart), at the expense of the mesenteric circu-
lation. The clinical scenarios include heart and aortic
surgery, abdominal compartment syndrome (ACS), as well
as all shock states. This condition is prevalent in critically ill
patients.

The main causes of AMI are embolism, athero-
thrombosis, NOMI, and dissection. In CMI atherosclerosis
is the predominant cause.

Symptomatic or asymptomatic compression of the CA is
referred to as the median arcuate ligament syndrome
(MALS), which is a synonym for coeliac axis compression
syndrome.

Arterial aneurysms may be either true or false. True an-
eurysms are usually caused by weakening of the vessel wall
and dilatation with involvement of all three wall layers. A
pseudoaneurysm, or false aneurysm, can develop after injury
to the vessel wall or a penetrating atherosclerotic ulcer, and
the blood leakage is confined to the vessel wall by sur-
rounding tissue. Causes of aneurysmal degeneration in the
mesenteric circulation include traumatic or inflammatory
injury (e.g. in pancreatitis), as well as high flow in dilated
collaterals. Aneurysms may become symptomatic by throm-
bosis, embolism, or rupture.

Venous mesenteric ischaemia is usually caused by
thrombosis, and consequently is usually referred to as
mesenteric venous thrombosis (MVT), and these are often
used as synonymous terms. In these guidelines MVT is used.
The causes of MVT include intra-abdominal inflammatory
conditions and malignancy, thrombophilic disorders,
trauma, and myeloproliferative (haematological) neoplasms.
In this guideline MVT is referred to for thrombosis of
mesenteric veins, which may be associated with splenic and
portal vein thrombosis. Isolated thrombosis of the hepatic
veins, the Budd-Chiari syndrome, isolated portal vein
thrombosis (very seldom associated with mesenteric
ischaemia), and aneurysms of the portal vein, are not
covered by these guidelines.
1.4. Epidemiology

Mesenteric ischaemia is a group of disorders with incidence
rates that may vary according to the acute or chronic pre-
sentation and the aetiology (arterial, non-occlusive,
venous).

It has been estimated that around 1% of all patients with
an acute abdomen have arterial AMI.4 The incidence in-
creases exponentially with age and AMI is the cause of
acute abdomen in up to 10% of patients aged over 70 years.
The prevalence of acute mesenteric occlusion among pa-
tients with an acute abdomen may vary from 2.1% in sus-
pected appendicitis to 17.7% in emergency laparotomy and
31.0% in laparotomy for non-trauma patients.5 Cardiac
failure, a history of atrial fibrillation, peripheral artery oc-
clusions, and recent surgery have all been associated with
an increased incidence.4,6

Reports on the incidence based on hospital admissions
associated with AMI may have underestimated the preva-
lence of the disease. In a study based on a high autopsy
rate (87%) an overall incidence rate of AMI of 12.9/100,000
person years was estimated in the population of Malmö,
Sweden between 1970 and 1982, diagnosed either at au-
topsy or operation. Arterial thromboembolic occlusion was
the most common type found in approximately 68% of
acute cases with an embolism to thrombosis ratio of 1.4:1
based on autopsy results.7 A recent study from Finland
reported an incidence rate of AMI of 7.3/100,000 person
years, with a 65% arterial, 28% venous and 7% non-
occlusive aetiology.8

Contemporary incidences of CMI and NOMI are un-
known, as only case series or incidences in treated pa-
tients have been reported. CMI accounts for less than 1
per 100,000 admissions, but there has been a steady



Figure 1. Collateral arcades between the main mesenteric arterial
trunks: the pancreaticoduodenal arcades described by Rio Branco
and Bühler between the superior mesenteric artery and the
coeliac trunk; the Riolan, Villemin, and Drummond arcades be-
tween the inferior and superior mesenteric arteries. The mesen-
teric artery ends with the superior rectal arteries which originate
from the internal iliac arteries via the middle rectal arteries.
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increase in recent years in the USA.9,10 However, these
figures may simply reflect an increasing number of re-
interventions in recent years rather than an actual in-
crease in the prevalence. Indeed, because atherosclerosis
is the most common cause, the majority of patients have
no symptoms and the development of CMI may take
months or years to become clinically apparent and the
diagnosis to become clear. In patients with known
atherosclerotic disease, the prevalence may range from 8%
to 70% and a >50% stenosis of more than one mesenteric
artery may be detected in up to 15% of cases. Specifically,
in patients with abdominal aortic aneurysms (AAA) and
peripheral artery disease, a significant stenosis or occlu-
sion of at least one mesenteric artery may be found in
around 40% and 25e29%, respectively.11

MVT is a rare condition that accounts for 6e28% of all
the cases of AMI and 1 in 1000 emergency department
admissions,12,13 but it can also cause CMI. The mean age of
patients at presentation is 45e60 years with a slight male
to female preponderance. The overall incidence of MVT in
the Swedish population between 1970 and 1982 was esti-
mated to be 2 per 100,000 compared with 2.7 per 100,000
between 2000 and 2006.14 In Finland the incidence of acute
MVT was 0.5/100,000 person years.8 However, the inci-
dence is probably underestimated, given the heterogeneous
clinical presentation and the rate of asymptomatic inci-
dental findings. The widespread use of abdominal imaging,
in particular computed tomography angiography (CTA), re-
sults in an increasing number of cases being diagnosed
incidentally. The prevalence of incidentally detected
abdominal venous thrombosis, has been reported to be 45/
2619 (1.74%, 95% CI 1.29e2.34%).15 Some 26 patients had
portal vein thrombosis (PVT) and eight had symptomatic
MVT. MVT and PVT are the most common causes of
mesenteric venous ischaemia. PVT was found 10 times
more often than MVT at autopsy, but these cases were
often asymptomatic, and were seldom considered to be the
cause of death.16

In Table 5, (page 31) diagnostic differentiation among
venous, arterial occlusive, and non-occlusive mesenteric
ischaemia is summarised.

True aneurysms of the mesenteric arteries and its
branches are not common, with an estimated prevalence of
0.1e2%.17e19 With the increasing use of abdominal imag-
ing, the majority are asymptomatic at diagnosis. The true
prevalence of pseudoaneurysms is not well defined, but
they are more common in patients with acute or chronic
abdominal inflammatory or infectious conditions, abdom-
inal trauma, and after hepatobiliary interventions.20,21

1.5. Anatomy and pathophysiology

The mesenteric arteries include the three ventral branches
of the abdominal aorta, supplying blood flow to the
viscera. The anatomy of the mesenteric arteries shows
great variability, in particular the CA.22,23 The CA is the
most proximal mesenteric artery followed distally by the
SMA and the IMA. The CA originates from the distal
thoracic or proximal abdominal aorta, at the level of the
diaphragm, often with an up to 2 cm course parallel to the
aorta. The arterial blood supply of the bowel is charac-
terised by extensive collateralisation, which varies
considerably and requires individual assessment. The CA
and the SMA are connected by the pancreaticoduodenal
arteries described by Rio Branco and by Bühler23 (Fig. 1).
The SMA and the IMA are anastomosed by the Riolan and
the Villemin arcades at a central mesenteric level, while
the marginal arcade of Drummond is peripheral, close to
the intestine.23 These macroscopic anastomoses between
the three major vessels create a significant tolerance for
central obstructions of the vessels: each one has the
ability to supply the entire viscera with the help of these
anastomoses depending on the rate of the obstructive
process. The Sudeck point describes the junction in the
recto-sigmoid region, where arterial blood supply changes
from the most distal branches of the IMA to the branches
of the internal iliac artery. This segment is most prone to
colonic ischaemia.
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On a microscopic level a capillary network in the sub-
mucosal layer provides blood supply to the villi and
microvilli of the intestine, which is the most metabolically
active layer. This network also includes anastomoses at the
base of the villi, which allow redirection of a compromised
blood flow away from the mucosa while continuing to
perfuse the muscularis and serosa, leading to ischaemic
necrosis of the mucosa but preserving the integrity of the
bowel, which may be life saving.24 This adaptive principle is
known as the counter current mechanism.25

The viscera receive 10e20% of the cardiac output (CO) in
the resting state, and 35% postprandially starting 10e
30 minutes after a meal and continuing for up to 3 hours to
meet the increased metabolic demand.9,26 At the start of
the meal the CA flow increases and returns to baseline
within an hour. The SMA flow increases after the meal,
peaks in the first hour and returns to baseline after 2e
3 hours.27 The arterial perfusion is regulated by various
intrinsic and extrinsic factors with overlapping controls and
restrictions such as the autonomic nervous regulation, the
haemodynamic condition, local metabolites and
hormones.24

Venous drainage of the viscera does not impact on blood
flow under normal physiological conditions. However, an
increase in the resistance of the venous outflow can
significantly influence hydrostatic pressure and fluid balance
in the intestines.24

Mesenteric ischaemia is predominantly caused by
atherosclerosis affecting the ostia of the mesenteric ar-
teries.9,22,26 These lesions are often associated with other
manifestations of atherosclerotic disease, such as coro-
nary artery disease.28,29 MALS, external compression of
the coeliac artery by the median arcuate ligament is a
common, but mostly asymptomatic, finding. When causing
symptoms of postprandial intestinal ischaemia, MALS is
also known as the Dunbar syndrome. The clinical signifi-
cance of this external compression, which may even lead
to occlusion of the CA remains unclear, although case
series of successful treatment have been reported.9,30

Less common causes of mesenteric occlusive disease
include previous arterial embolism, arterial dissection,
fibromuscular dysplasia, vasculitis, Takayasu’s disease,
Cogan’s syndrome and Behçet’s disease. NOMI is charac-
terised by incomplete interruption of intestinal perfusion
caused by hypoperfusion, secondary to low CO, often
combined with arterial spasm.31

True aneurysms and pseudoaneurysms in the mesenteric
arteries are most common in the splenic, hepatic, and
coeliac arteries. Pseudoaneurysms are caused by iatrogenic
injury, trauma, or pancreatitis.32,33
1.6. Intestinal salvage

This section summarises some fundamental principles in
saving as much of the threatened bowel as possible, an
inter-disciplinary collaboration engaging many groups of
surgeons. More details and references are given in Chapter
2, on AMI.
A general surgical principle is to perform laparotomy in
the presence of peritonitis, and mesenteric ischaemia is no
exception to this rule.34 In the era before CTA and endo-
vascular treatment, AMI could only be reliably diagnosed by
laparotomy. Treatment consisted of removal of all necrotic
bowel first, with the aim of performing open revascular-
isation later. In many centres this policy is still the dominant
approach. As the diagnosis is now usually made by CTA it
has been strongly argued, however, that this approach
should be changed and blood flow should be restored as a
first step, and then as a second step bowel viability should
be assessed and any necrotic bowel resected.6,35,36 How the
revascularisation should take place is dealt with in later
chapters of these guidelines.

Generally speaking, AMI patients should be treated in
centres with experience in both open and endovascular
revascularisation,36 and performing laparotomy first may
add to the duration of the AMI. Experience is crucial,
because although the number of patients treated by
endovascular means for mesenteric ischaemia is rapidly
increasing,10 it is still a relatively rare disorder. It has been
suggested that in centres where these options are not
available, it would be reasonable to perform bowel
resection first, and transport the patient thereafter to a
vascular centre. The disadvantages of this policy are: first,
the extra hours it takes to perform laparotomy without
revascularisation are lost as far as restoring blood flow is
concerned; second, it is often difficult to distinguish be-
tween reversible and irreversible ischaemic bowel, espe-
cially before revascularisation, carrying the risk of
resecting potentially viable bowel. When deciding how to
manage the patient with AMI, these considerations have
to be weighed against the logistical challenges of trans-
porting a seriously ill patient.

In patients with AMI and signs of peritonitis, laparotomy
is mandatory. All gangrenous bowel must be removed.
Anastomoses are not recommended in this emergency
setting because of a major risk of leakage. Bowel with no
obvious sign of necrosis should be left in the abdomen and
the viability should be assessed at a second look laparot-
omy.6,35 The length of the remaining bowel should be
measured at each procedure.

After extensive small bowel necrosis and resection short
bowel syndrome may ensue. The remaining small bowel will
become hypertrophic with enlarged villi, with increased
absorption capacity, a process known as adaptation. This
process can take up to 1 year. In some patients, parenteral
nutrition may be needed, either for a limited period or
indefinitely. As a general rule, the length of small bowel that
is sufficient to allow enteral nutrition depends mainly on
the ileocaecal valve: 50 cm suffices with and 100 cm
without the ileocaecal valve, respectively. Another factor
affecting the quality of life in patients with short bowel
syndrome is the length of remaining colon.

It should be kept in mind that the quality of life on home
parenteral nutrition is moderate to good,37 and the
outcome of intestinal transplantation is slowly improving,38
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the latter may therefore become a future possibility for
young patients with short bowel syndrome.

1.7. Benefit versus harm, the patient’s perspective

Although guidelines are written for medical professionals to
guide them through the decision process using the best
available evidence, there is increasing emphasis on the
patient perspective, and rightly so. In other words: patency
and clinical success may be central in a guideline, but the
quality of life for a specific patient will define the patient’s
true perspective. The three steps needed to match medical
knowledge with a patient’s expectation and perspective are:
1) provide information about the risks, benefits, and un-
certainties of treatment (this aspect is of particular impor-
tance in the elective setting), 2) clarify the individual
patient’s preferences to personalise these risks and bene-
fits, and 3) aim to apply these insights in a shared decision
making process.39

It is expected that in most cases of AMI, application of
these principles of patient involvement in decision making,
or making decisions based on patient preferences and
values, will be very difficult because of the urgent nature of
the disorder. For example, although there are ample data
showing that quality of life with parenteral nutrition is
moderate to good,37 this information is often not taken into
account in the patient with AMI who on laparotomy has
extensive bowel necrosis. In the chronic patient with single
vessel stenosis, the uncertainty of a vascular procedure
should be discussed. Moreover, a centre’s outcome param-
eters including patency rates, morbidity, and mortality,
should be weighed against the risk of non-treatment.
Consideration also may need to be given to referring the
patient to a centre with greater experience and caseload. In
this guideline the GWC has tried to provide available data for
the three ‘patient perspective steps’.

i) Informing the patients

In AMI it will be very hard to inform patients adequately
before commencing treatment, as the patients are very
often in a condition that makes it difficult to understand
complex information. In this acute situation it is important
to discuss the risks and benefits with the relatives. There
may be opportunity, however, after this first phase to
discuss the options and potential risks and benefits such as
the reduced long-term survival in patients having suffered
AMI (50% after 5 years8). The moderate to good quality of
life on parenteral nutrition37 should be taken into account.

For patients with chronic ischemia, the benefit of treat-
ment includes pain relief, and improved survival, which should
be weighed against the morbidity and mortality associated
with treatment.40 When making decisions about treatment,
patient preferences and life values should be considered
alongside the data on potential physiological benefit.

Patients with mesenteric artery aneurysms may benefit
from intervention while asymptomatic, to prevent death
from rupture. The majority, however, may be safely observed.
This requires detailed information on the potential risks and
benefits of repair and may lead to anxiety in patients who
are aware of the diagnosis but do not require treatment.

In highly specialised centres, which receive patients with
CMI, it would seem reasonable to develop leaflets that
provide objective information on the potential risks, bene-
fits, and harm of intervention. Such information should be
easily understandable and ideally be scrutinised by an
expert in communication.

ii) Personalising risks and benefits and clarification of
patient preferences

Providing patients with a broad overview of the risks and
benefits, of both treatment and non-treatment, is a daily
challenge for all clinicians. In a relatively rare disease like
mesenteric ischaemia, assumptions outnumber hard data,
making this challenge greater. Many factors may influence
the individual patient perspective. These include uncer-
tainty about the future, side effects of drugs, morbidity and
mortality of treatment, expected symptom relief, and the
chance of improved survival. It is a general observation that
most patients are able to make well balanced decisions.

iii) Shared decision making

Quite often, no single best solution for a problem is
available. Under these circumstances the clinician should
provide all the abovementioned data with an emphasis on
the patient’s perspective to help the patient to make the
best decision.

2. ARTERIAL ISCHAEMIA, ACUTE MESENTERIC ISCHAEMIA

2.1. Introduction

Acute thromboembolic occlusion of the mesenteric arteries
most commonly affects the SMA. Symptomatic acute oc-
clusions of the CA and/or its branches and IMA are rare and
very seldom lead to intestinal infarction7,41 because of the
extensive collateral arterial network from a patent SMA.
Spontaneous dissection of the mesenteric arteries is
covered in Chapter 7. These guidelines do not cover trau-
matic occlusion.
2.2. Diagnosis

2.2.1. Clinical presentation: embolism. A high index of
suspicion and awareness among physicians who see pa-
tients who may have acute thromboembolic occlusion of
the SMA is important. A history of previous embolism is
common. A major cause of mesenteric embolism is atrial
fibrillation. Development of cardiac thrombi also may be
associated with valvular disease, a dilated left atrium,
recent myocardial infarction, and ventricular dilatation with
mural thrombus.

The typical clinical triad for an acute embolic SMA oc-
clusion is (i) severe abdominal pain with minimal findings
on examination (pain out of proportion to clinical signs), (ii)
bowel emptying, and (iii) the presence of a source of
embolus, most often atrial fibrillation. This clinical triad is,
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however, not a consistent finding, but was present in 80%
of patients in a prospective study.42 The often sudden onset
of abdominal pain (phase 1; reversible ischaemia) may
decrease in intensity (phase 2), followed by an increase in
abdominal pain associated with clinical deterioration and
progression towards generalised peritonitis (phase 3; irre-
versible ischaemia). Every patient with atrial fibrillation and
acute abdominal pain should be suspected of having acute
SMA embolism.

The presence of synchronous ischaemic symptoms from
other arterial segments such as extremity ischaemia or
stroke/transient ischaemic attack may indicate synchronous
embolism, which may be a diagnostic aid. In an autopsy
series of patients with fatal occlusion of the SMA, 19% had
an acute myocardial infarction, 48% had residual cardiac
thrombus, and 68% had synchronous embolism, mainly to
arteries supplying the brain, abdominal viscera, and legs.7

The embolus may occlude the arterial lumen completely
or partially. Emboli tend to lodge at points of normal
anatomical narrowing, usually immediately distal to the
origin of a major branch. Typically, the embolus lodges a few
centimetres distal to the origin of the SMA, sparing the
proximal jejunal branches, and thereby allowing preserva-
tion of the proximal jejunum.

2.2.2. Clinical presentation: thrombosis. At first evaluation
acute thrombotic SMA occlusion is more difficult to di-
agnose than acute embolic SMA occlusion. Thrombosis oc-
curs at areas of severe atherosclerotic narrowing, most
often where the SMA and CA originate from the aorta.7

Occlusive atherosclerotic lesions in the SMA are clinically
more important, compared with those in the CA. Prior
history of other atherosclerotic manifestations such as
coronary, cerebrovascular, or peripheral arterial occlusive
disease is common. Every patient with such a history
together with acute abdominal pain should be suspected of
having SMA thrombosis. In a substantial proportion of these
patients, progressive atherosclerosis at the SMA origin may
have developed over many years, resulting in collateral
circulation to the SMA, mainly from the CA and IMA.
Dehydration, low CO, and hypercoagulable states are major
contributing factors to thrombosis. In the case of a
thrombotic occlusion at the origin of the SMA, ischaemia
usually develops from the proximal jejunum to the mid-
transverse colon.

In retrospect, a high proportion of the often misunder-
stood and misdiagnosed patients with acute thrombotic
SMA occlusion may have had long-standing pre-existing
symptoms of CMI, including postprandial abdominal pain
(abdominal angina), fear of eating, diarrhoea, and weight
loss. Indeed, 80% of patients were misdiagnosed and
inappropriately treated medically with proton pump in-
hibitors, cortisone, or antibiotics in the diagnostic phase in a
recent series.43 This series did not support the view that the
majority of these patients suffer from cachexia at diagnosis.
Weight loss is a consistent finding in patients with two or
three vessel disease. A proportion of patients were over-
weight when they fell ill; however, decreasing in weight to
normal at the time of diagnosis.43 Patients diagnosed with
advanced symptomatic CMI should be treated subacutely as
transition from CMI to AMI is unpredictable.36,43 Further
recommendations regarding this group of patients are given
in Chapter 3.

2.2.3. Laboratory markers. No plasma marker is accurate
for diagnosis in the acute setting.8,44e56

D-dimer has been
found to be a consistent highly sensitive early marker, but
the specificity was low. The high sensitivity, approaching
100%, makes it an excellent exclusion test, but many other
conditions are associated with high D-dimer values.44,45

Hence, a normal D-dimer at presentation most probably
excludes acute SMA occlusion. In series with acute SMA
occlusion including patients with MVT46,47 and NOMI,48

the sensitivity for D-dimer has been reported to be
around 95%. In a recent publication plasma intestinal fatty
acid binding protein (I-FABP) was reported to be much
higher among 19 patients with vascular intestinal ischaemia
than among 26 patients with non-vascular irreversible in-
testinal ischaemia.48 Receiver operating characteristics
curve analysis suggested that plasma I-FABP was accurate at
diagnosing a vascular cause of intestinal ischaemia with an
area under the curve of 0.88. Another report found that
diagnostic accuracy was better for I-FABP in urine compared
with plasma, with an area under the curve of 0.93 versus
0.70, respectively.49 Currently, no recommendation on the
use of I-FABP can be issued, because these very small series
need confirmation.

Lactate is an end product of glycolysis under anaerobic
conditions and exists in two isomers: L-lactate (primary
isomer produced in humans) and D-lactate (produced by
bacteria in the human colon). Plasma lactate (L-Lactate)
concentration has been reported to have a high sensitivity,
91e100%,54,55 but a low specificity, 42%,55,47 for early
diagnosis of intestinal ischaemia. The sensitivity of isomeric
D-lactate for early diagnosis of intestinal ischaemia appears
to be low.52,53 In one study the mean plasma lactate level
was doubled from the upper reference limit late in the
course after a median symptom duration of 43 hours, which
probably explains the elevated lactate levels and the high
(90%) post-operative 30 day mortality.55 Lactate levels were
normal early in the course, 48e50%,53,56 in two recent re-
ports, suggesting that plasma lactate is a poor marker of
early AMI. In a series of 34 patients with at least two
available arterial blood gas lactate measurements within
24 hours before surgery, 17 (50%) exhibited an increase,
and 17 (50%) a decrease in lactate levels. The authors
concluded that the value of serial lactate and pH mea-
surements in predicting the extent of intestinal ischaemia
seems to be very limited.56 There is common agreement
that lactate is a marker of general deterioration, systemic
hypoperfusion, and death, no matter the cause.56,57

Experimental work suggests, however, that lactate pro-
duced within the porto-mesenteric venous circulation is
effectively metabolised by the liver.58 Hence, plasma levels
of lactate do not reflect the lactate levels within the
gastrointestinal tract. Most importantly, clinicians should be
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aware of diagnostic pitfalls that may be encountered in
patients with acute SMA occlusion such as elevated
troponin I and elevated pancreatic amylase and normal
plasma lactate, which may lead the clinician away from the
correct diagnosis.53
Recommendation 1 Class Level of evidence References
In patients with acute abdominal pain, D-dimer measurement is
recommended to exclude acute mesenteric ischaemia

I B 44,46e48,51

Recommendation 2
Use of L-lactate measurement is not recommended to diagnose
or rule out acute occlusive mesenteric ischaemia

III B 8,53,55,56
2.2.4. Computed tomography angiography. Diagnosis of
acute SMA occlusion and severity of intestinal ischaemia
has been greatly facilitated by the evolution and availability
of high resolution CTA around the clock.59 Intravenous
contrast enhanced CT with a slice thickness of 1 mm or
thinner, performed with and without contrast in both the
arterial and portal venous phases (triphasic protocol) is
currently recommended as the first line imaging technique
to best diagnose occlusive pathology in the arteries and
intestinal pathologies, respectively.60 Reconstructions of
images in the sagittal, coronal, and transverse planes are
often helpful.

Embolic occlusion often appears as an oval-shaped filling
defect surrounded by contrast in a non-calcified arterial
segment located in the middle and distal part of the main
stem of the SMA. The presence of synchronous emboli to
the other visceral, limb, or cerebral arteries is a common
finding.61 Increased awareness of the high likelihood of
atrial fibrillation related causes for acute abdominal pain
may improve diagnostic performance of CTA and triage of
patients with acute embolic SMA occlusion.62

Thrombotic occlusion usually appears as clot super-
imposed on a heavily calcified occlusive lesion at the origin
of the SMA. The presence of vascular pathology precedes
the intestinal pathology, which is of crucial importance
when the images are studied.61 Even patients with impaired
renal function or increased creatinine values should un-
dergo CTA if there is a suspicion of acute SMA occlusion,
accepting the risk of contrast induced renal failure,63 to
improve diagnostic accuracy and chances of survival.

If no clinical suspicion of AMI is mentioned in the infor-
mation provided to the radiologist, the condition is highly
likely to be under-diagnosed.64 It is not unusual that a second
Recommendation 3
In patients with suspected AMI, triphasic CTA with 1 mm slices
(or thinner) should be used to detect mesenteric arterial occlusion
Recommendation 4
In patients with suspected AMI and elevated creatinine values,
CTA might be considered, accepting the risk of contrast induced
renal failure, to save life

AMI ¼ acute mesenteric ischaemia; CTA ¼ computed tomography an
look at the imaging may detect overlooked radiological
findings associated with AMI at the initial reading,65 and such
diagnostic delay undoubtedly has a negative impact on
prognosis. In addition, the radiologists’ experience and
expertise have an impact on their performance in diagnosing
AMI.66 In the absence of intestinal findings on CT or perito-
nitis on clinical examination, patients with acute abdominal
pain and CTA verified occlusion of the SMA are unlikely to be
diagnosed in time to allow intestinal revascularisation.
Diagnostic accuracy and specificity for CTA in diagnosing
acute SMA occlusion is very good, and is superior to any of
the plasma biomarker candidates.67 Reconstructed images
using maximum intensity projection, volume rendering, and
multiplanar volume reconstruction have been found to
perform better for the detection of vascular abnormalities
and to improve the diagnostic confidence of radiologists in
the evaluation of bowel and mesenteric abnormalities.68 In
series of suspected cases with AMI including a high propor-
tion of cases with acute SMA occlusion, the sensitivity of CTA
in diagnosing AMI ranged from 73% to 100%, and the spec-
ificity from 90% to 100%.46,68e72

2.2.5. Duplex ultrasound. Duplex ultrasound (DUS) of the
visceral arteries is an operator-dependent imaging modality,
and it may not be possible to obtain accurate assessments
around the clock. Furthermore, bowel paralysis associated
with acute intestinal ischaemia precludes accurate ultrasound
scanning in many patients. Although proximal occlusive le-
sions of the visceral arteries can be identified, distal occlu-
sions cannot. DUS is not an appropriate imaging method to
assess acute occlusive lesions of the visceral arteries.

2.2.6. Digital subtraction angiography. Digital subtraction
angiography (DSA) is a diagnostic method that can differen-
tiate occlusive, embolic, and thrombotic from non-occlusive
AMI, but it is seldom used for diagnostic purposes alone.

In Table 5, (page 31) diagnostic differentiation of venous,
arterial occlusive, and non-occlusive mesenteric ischaemia
are summarised.
Class Level of evidence References
I B 46,68,70e72

IIb C 53,55

giography.
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2.3. Treatment of acute superior mesenteric artery
occlusion

2.3.1. Current approaches. Intestinal revascularisation is
necessary in most patients with acute SMA occlusion. The
only situation in which a bowel resection without revascu-
larisation may save the life of the patient is in the case of a
distal embolus, with a widely open proximal artery. The
extent of intestinal infarction involves the jejunum, ileum,
and colon in 50% of the patients, and at least two of these
intestinal segments in 82%,7 which means that bowel
resection alone would be life saving for a minority of pa-
tients. Optimal treatment may include both open and
endovascular surgery, and patients are best treated in a
vascular centre with a hybrid operating room, although
logistical aspects must be taken into consideration in this
urgent situation. From pre-operative clinical and radiological
evaluation, it should be determined whether or not the
patient has peritonitis, and whether the occlusion is embolic
or thrombotic. The presence of intestinal wall or porto-
mesenteric gas on CTA is a sign of severe transmural
ischaemia, but is not necessarily associated with a fatal
outcome if treated in a timely fashion.56 Laparotomy is
indicated if there are signs of peritonitis and suspicion of
intestinal infarction, unless a palliative approach has been
chosen. Laparotomy aims to assess the extent and severity
of intestinal ischaemia and vessel patency, although the
latter may require peri-operative angiography. Laparotomy,
rather than laparoscopy, is usually safer and quicker to
evaluate the visceral organs. Extensive intestinal paralysis
with dilated bowel loops may be impossible to evaluate at
laparoscopy, even by an expert. Elderly patients with com-
plete transmural infarction of the small bowel up to the mid-
transverse colon would need extensive bowel resection that
would lead to short bowel syndrome and increased
morbidity. Survival in these patients is poor and surgery may
be inappropriate for ethical reasons. In the event of bowel
perforation, the affected intestinal segment is resected,
leaving the reconstruction of the intestines or stoma for-
mation until a second look laparotomy after 18e36 hours.

2.3.2. Acute mesenteric arterial revascularisation. Acute
mesenteric arterial revascularisation is preferably done
before any bowel surgery, even if there is a limited length of
necrotic bowel that could be rapidly resected. If laparotomy
has been performed because of an uncertain diagnosis of
peritonitis in a hospital where there is no vascular surgeon
available, it may be preferable to resect necrotic bowel
without reconstruction, close the abdomen, and transport
the patient to a vascular centre for revascularisation.

According to the Swedish National Registry for Vascular
Surgery (Swedvasc),45 there has been a steady increase in
mesenteric revascularisation for AMI since 2004. In 2009,
endovascular treatment overtookopen surgery in Sweden: 29
endovascular versus 24 open revascularisations. In contrast,
this shift in treatment modality has not taken place in North
America.73 The 30 day mortality rate in Swedvasc was similar
after open versus endovascular surgery for embolic occlusions
(37% vs. 33%), whereas the mortality rate was significantly
higher after open than endovascular treatment for throm-
botic occlusions (56% vs. 23%). Of note, no patient had
completion angiography after open surgical treatment,
whereas completion angiography is part of the procedure
after endovascular surgery. There may have been differences
in disease severity between the treatment groups, but it re-
mains possible that the endovascular approach is better for
thrombotic occlusions in elderly, frail patients.45

There is rarely any indication for revascularisation of both
the SMA and the CA, and SMA revascularisation seems to
be more important. Even after successful endovascular
recanalisation of the mesenteric arteries, patients may still
require laparotomy when persisting signs of peritoneal
irritation indicate the presence of non-viable bowel.

2.3.3. Open superior mesenteric artery embolectomy.
Open SMA embolectomy remains a good treatment op-
tion.74,75 When laparotomy has been performed in a patient
with peritonitis, exposure of the SMA is performed. A 5 cm
transverse incision in the visceral peritoneum/transverse
mesocolon in the root of the mesentery, just below the
body of the pancreas, is performed. If the embolus is distal
in the artery, the pulse in the SMA can easily be palpated,
and the artery is located dorsally to the left of the often
easily recognised superior mesenteric vein (SMV). After
arteriotomy, balloon embolectomy with a 3 or 4 Fr Fogarty
catheter is indicated. The result should be checked by some
form of completion control, such as angiography of the SMA
with antero-posterior and lateral views, or transit time flow
measurement. If none of these modalities are available,
pulse palpation distally in the mesentery can be performed.
Comparative data regarding which completion control
method to use are lacking. The presence or absence of
stenosis and dissection at the arteriotomy closure site, re-
sidual peripheral embolus in arterial branches not cleared,
and venous return to the portal vein can only be assessed
by DSA.

2.3.4. Open vascular surgery for acute thrombotic superior
mesenteric artery occlusion. Division of the SMA distal to
the occlusive lesion and re-implantation into the infrarenal
aorta, thromboendarterectomy with patch angioplasty, and
bypass distal to the occlusive atherosclerotic lesion are the
open surgical options.76 If available, the pre-operative CTA
can be very useful to determine the source of inflow artery
and sites with extensive atherosclerotic lesions which can be
avoided. Bypass with a short synthetic graft from the
infrarenal aorta to the SMA is the simplest procedure and
may be most appropriate in the emergency setting,77 but it
is seldom possible because the aorta is often heavily calci-
fied. With co-existing extensive atherosclerotic lesions in the
infrarenal aorta, the supracoeliac aorta or the anterior part
of the common iliac artery may be used as the inflow for the
graft. Autologous reversed saphenous vein may be the
preferred conduit, especially in case of bacterial contami-
nation. Vein grafts originating from the infrarenal aorta or
the common iliac artery are, however, prone to kinking
when the intestines are moved back into the abdomen after
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completion of the bypass. A long C-shaped saphenous vein
conduit joining the SMA at its origin and running parallel to
the point of anastomosis could reduce the risk of kinking.
Polyethylene terephthalate (e.g. Dacron�) or expanded
polytetrafluoroethylene (ePTFE) reinforced with rings might
be a preferred conduit material, especially in the emergency
setting in a non-contaminated peritoneal cavity, to prevent
kinking of the graft. The SMA can be transected distal to the
occlusive lesion, anastomosed end to end to the ringed
ePTFE bypass graft, after which the graft can be routed and
anastomosed to the selected take off arterial site. If the graft
is sutured end to side to the SMA, a Miller vein cuff between
the SMA and graft may be of benefit. It is important to cover
the graft with an omental flap if possible, to prevent contact
between the graft and the intestines, which otherwise may
result in a graft-enteric fistula.
Recommendation 5 Class Level of evidence References
In patients with acute mesenteric arterial ischaemia, open or
endovascular revascularisation should be considered before
bowel surgery

IIa B 10,45,73,78,79

Recommendation 6
In patients undergoing mesenteric revascularisation, completion
imaging with angiography or transit time flow measurements
should be considered

IIa C 44,46e48,51

Recommendation 7 Class Level of evidence References
In patients undergoing laparotomy for AMI, clinical judgement should
be considered as the preferred method for assessing bowel viability

IIa C 80,82

AMI ¼ acute mesenteric ischaemia.
2.3.5. Assessment of bowel viability. Intestinal ischaemia
may be extensive, ranging from lesions in the jejunum,
ileum, and colon, to a normal appearance of the serosa.
Ischaemic changes are more extensive on the mucosal side.
Intestinal ischaemia is characterised by patchy cyanosis,
reddish black discolouration, decreased or absent peri-
stalsis, and no palpable pulsation in the mesentery. The use
of intra-operative Doppler for detection of pulsatile mural
blood flow and intravenous injection of fluorescein for
assessment of ultraviolet fluorescence pattern in the
assessment of bowel viability has been compared with
clinical judgement,80 and the fluorescence pattern method
was more accurate than both clinical judgement and
Doppler. However, the fluorescence pattern method has not
been established as the method of choice in a centre that
has used both these non-clinical methods.73 The accuracy of
laser Doppler flowmetry and clinical assessment was re-
ported to be 100% and 87%, respectively, in one study.81

There has been a paucity of studies concerning laser
Doppler flowmetry, however, questioning its clinical appli-
cability. None of the described adjunctive methods have
become established in clinical practice, which is the reason
why no recommendation can be made regarding their
applicability. Clinical assessment at laparotomy has
remained the preferred method for assessment of bowel
viability.82

Although laparoscopy is a minimally invasive method, it
cannot safely assess the entire length of the intestines for
ischaemia. Ischaemic bowel may be paralytic and distended,
not allowing safe inspection. Laparoscopic manipulation of
the fragile bowel may expose the patient to an increased
risk of perforation. If a laparotomy has been performed,
there is no justification to perform a second look with
laparoscopy in the emergency setting. In patients under-
going successful endovascular revascularisation early in the
course without intestinal lesions on CTA, however, diag-
nostic laparoscopy might have a role in assessing bowel
viability.83
2.3.6. Second look laparotomy. Clinical re-assessment of
bowel viability may be necessary, sometimes repeatedly. It
depends on the initial extent and severity of intestinal
ischaemia prior to revascularisation, the expected effect of the
revascularisation procedure, any bowel resection performed,
and the physiological condition of the patient. The need
to perform a second look laparotomy and bowel resection
may indicate a more severe state of ischaemia and this may
therefore be associated with a higher mortality.84 However,
a second look laparotomy is the safest way to establish the
extent of advanced transmural intestinal ischaemia, and
several authors recommend its liberal use because of the high
frequency of bowel resection required at a second look lap-
arotomy.73,85 The decision to undertake a second look is taken
according to the surgeon’s interpretation at the initial lapa-
rotomy, or if the patient’s condition does not improve after
48 hours in the intensive care unit (ICU).35 Bowel resection
managed with intestinal infarction and also peritonitis should
be treated with broad spectrum intravenous antibiotics,86 but
no specific recommendation can be made as to which type
of antibiotics should be administered as different antibiotics
showed equivocal results in terms of clinical outcome.



Recommendation 8 Class Level of evidence References
Patients requiring bowel resection because of intestinal infarction
should be treated with antibiotics

I A 86
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2.3.7. Damage control surgery. Laparotomy after mesen-
teric revascularisation serves to evaluate the possible
damage to the visceral organs. Bowel resection and organ
removal (e.g. a necrotic gall bladder) should be carried out
according to the principles of damage control surgery.87

Bowel resections can be performed with staplers, delaying
the creation of anastomoses or stomas until the second or
third look laparotomy. In case of necrosis of the gall bladder,
prolonged drainage is an alternative to cholecystectomy.
The abdominal wall can be left unsutured when repeat
laparotomy is planned. In this situation, skin only closure or
temporary abdominal closure using a negative pressure
wound therapy device may be applied. The protocol for AMI
in some centres is to create a temporary stoma after in-
testinal resection, and to administer parenteral nutrition
until the surgical recovery phase is over.35 In patients un-
dergoing extensive bowel resections, including proximal
resection of the jejunum or multiple resections, bowel
anastomosis after effective intestinal revascularisation may
be beneficial in avoiding a high output stoma, short bowel
syndrome, and the increased mortality rate associated with
intestinal failure.45 Such anastomoses should probably not
be performed during the primary laparotomy, however,
because of a high risk of anastomotic breakdown. No
comparative studies have been published on this contro-
versial issue.
Recommendation 9 Class Level of evidence References
In patients undergoing acute intestinal revascularisation, second
look laparotomy and damage control surgery should be
considered

IIa C 45,85
2.4. Endovascular therapeutic options in acute mesenteric
ischaemia

2.4.1. Access to the superior mesenteric artery. The SMA
can be reached via the femoral and brachial routes, although
sometimes local exposure of the SMA in the abdomen is
also needed. Brachial access may be preferable if there is a
sharp downward angle between the aorta and the SMA, or if
the ostium of the SMA is calcified. If an antegrade approach
from the femoral or brachial artery fails, a retrograde
approach through the exposed SMA after laparotomy can be
attempted, unless open revascularisation is preferred.88

2.4.2. Aspiration embolectomy of the superior mesenteric
artery. Endovascular aspiration embolectomy is a treatment
option in patients without peritonitis.86e90 Usually an
appropriate catheter and a hydrophilic 0.035 inch guidewire
is passed into the ileocolic branch of the SMA. The wire is
then replaced with a stiffer wire to achieve stability. With
the wire in place, typically an introducer with a removable
hub is placed proximal to the embolus in the SMA. Inside
this, a smaller guiding catheter91,92 is introduced into the
clot, which is aspirated with a 20 mL syringe as the catheter
is withdrawn. The hub of the introducer is removed to allow
clearance of residual clots. Angiography is performed, usu-
ally followed by repeated aspirations. An alternative is to
use an over the wire double lumen aspiration catheter,
which may allow removal of smaller peripheral clots.

2.4.3. Local superior mesenteric artery thrombolysis. In
cases of incomplete aspiration embolectomy or distal em-
bolisation, local thrombolysis is a viable treatment alternative
in patients without peritonitis.93,94 With the introducer
placed in the proximal SMA, a multiple sidehole catheter
delivering thrombolytic agents over 10 cm, or an end hole
catheter, is advanced to within the embolus. Local throm-
bolysis is most often achieved by administration of recom-
binant tissue plasminogen activator (rtPA) at a rate of 0.5e
1 mg/h (or other agents, at different dosages, e.g. urokinase
120,000 IU/h), checking the patency with repeated angio-
grams once or twice per day (Fig. 2AeE). Bleeding compli-
cations during local thrombolysis are uncommon and usually
self limiting.93 Small peripheral residual emboli can be
treated conservatively with heparin anticoagulation as the
marginal arteries in the mesentery may provide sufficient
collateral circulation to the affected intestinal segment.88 In
one large population based study only 38% of patients
needed to undergo laparotomy for inspection of the in-
testines after local thrombolysis.93 This low occurrence is
probably explained by peritonitis or other signs of bowel
gangrene being considered as contraindications to throm-
bolysis. Endovascular rheolytic thromboembolectomy may
be a supplementary technique to aspiration thromboembo-
lectomy in cases where thrombolysis is contraindicated.

2.4.4. Antegrade recanalisation and stenting of the supe-
rior mesenteric artery. Treatment of underlying stenotic or
occlusive lesions is most often achieved during the same
procedure, after removal of a thrombotic clot by aspiration or
thrombolysis.88 The sequence of endovascular intervention
versus exploratory laparotomydepends on the clinical state of
the patient. When a stable wire has been placed in the ileo-
colic artery, an introducer is advanced across the athero-
sclerotic lesion. Balloon expandable stents are better to
maintain lumen diameter after stent deployment across hard,
calcified ostial lesions than self expanding stents. The balloon
expandable stent is placed at the level of the stenosis, fol-
lowed by retraction of the protective introducer sheath, thus
exposing the stent, which is deployed by inflating the balloon.



Figure 2. Patient with an acute embolic occlusion of the SMA. CTA images in transverse (A), coronal (B), and sagittal (C) projection. The
typical oval-shaped embolic occlusion is best seen in the sagittal projection (C). SMA angiography prior to (D) and after (E) local
administration of 18 mg of alteplase with clearance of embolus. Laparoscopy was negative, and recovery was uneventful.
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Unfavourable artery angulation or a potential risk of arterial
dissection at the distal end of the stent is treated by extension
with a self expanding stent into the mid-SMA. Results after
stenting are checked by angiography, as well as by pressure
measurement. If there is a residual pressure gradient across
the stent exceeding 12 mmHg, additional angioplasty and/or
stenting is performed.95

2.4.5. Retrograde recanalisation and stenting of the su-
perior mesenteric artery. If percutaneous access fails, lapa-
rotomy and exposure of the SMA is performed for retrograde
SMA recanalisation and stenting.88,96e98 This approach offers
the opportunity to inspect the abdominal viscera, to have
distal control of the SMA, and to avoid bypass surgery in the
settingofnecrotic bowel. A puncture ismade in the vessel in its
main trunk or in one of its major branches with a micro
puncture needle; the occlusion is often recanalised easily with
a guidewire placed into the aorta.The SMA is clamped distally
to avoid distal embolisation if there is fresh thrombus at the
occlusion site. The proximal SMA lesion is then crossed with a
stiff catheter, exchanging for a hydrophilic guidewire.The wire
is snared in the aorta using a snare passed through a brachial
or femoral access and then brought out, creating through and
through access. An introducer is placed antegradely in the
SMA over the through and throughwire, followed by stenting.
The access puncture in the SMA is treated by manual
compression or interrupted suture(s). Antegrade stenting is
better than retrograde stenting, because the procedure can
be performed with standard devices without exposing the
operators to a higher dose of radiation.

2.4.6. Outcomes after open versus endovascular revascu-
larisation for acute mesenteric ischaemia. Five non-
randomised studies10,45,73,78,79 have compared open versus
endovascular revascularisation for arterial AMI. These studies
have shown a benefit for endovascular therapy compared to
open surgery in terms of lower bowel resection rates (Fig. 3;
OR0.37 [95%CI 0.23e0.59], p¼.03; I2¼63%) and lower 30 day
mortality rates (Fig. 4; OR 0.50 [95% CI 0.30e0.83]; p¼.002;
I2¼76%). In these five studies, the pooled overall 30 day
mortality rate after endovascular therapy was 17.2% (367/
2131), compared with 38.5% after open surgery (1582/4111)
(Fig. 4). One retrospective single centre experience73 showed
no difference in mortality between the two treatment



Figure 3. Meta-analysis of bowel resection rates after open and endovascular therapy of AMI.

Figure 4. Meta-analysis of 30-day mortality rates after open and endovascular therapy of AMI.
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modalities, whereas the other single centre study showed
lower bowel morbidity and mortality after endovascular
therapy for acute thrombotic occlusions compared with open
surgery.78 The other three multicentre studies are nationwide
reports.10,45,79 These studies showed a lower frequency of
bowel resection, and lower short-term10,45,79 and long-term45

death rates after endovascular compared with open surgical
therapy for acute thrombotic occlusion. It is important to note
that these five non-randomised studies express high levels of
heterogeneity, are prone to bias, and it is possible that patients
undergoing open repair have more advanced states of intes-
tinal ischaemia, resulting in higher bowel resection rates and
poorer outcome. The long-term survival 5 years after endo-
vascular treatment and open vascular surgery was 40% and
30%, respectively.45 Independent risk factors for decreased
long-term survival were short bowel syndrome and age. In
patients with acute embolic SMA occlusion there are no data
to suggest that open or endovascular treatment is superior.
Recommendation 10 Class Level of evidence References
In patients with acute thrombotic SMA occlusion, endovascular
therapy should be considered as first line therapy because of
lower mortality and bowel resection rates compared
with open revascularisation

IIa B 10,45,78,79

SMA ¼ superior mesenteric artery.
2.5. Follow-up

A methodological problem when discussing the data on
follow-up after treatment for mesenteric ischaemia is that
publications reporting on the risk of restenosis, re-
occlusion, and bowel gangrene after treatment focus on
the technique that was used (such as stenting) rather than
whether the patient suffered acute, chronic, or acute on
chronic mesenteric ischaemia.

In the next chapter (3, on CMI), follow-up after endovas-
cular treatment such as SMA or CA stenting is discussed.
Patients who have a stent inserted in the SMA after
treatment for CMI or AMI may be followed repeatedly by
either DUS or CTA because of the high risk of in-stent reste-
nosis, 36% after a mean follow-up of 29 months.99 In a large
series of patients undergoing endovascular revascularisation
for CMI, five patients (3.4%) died during the follow-up period
of 64 months because of recurrence of AMI, according to a
review of death certificates or autopsy reports.100 If the risk of
dying from AMI is so high after re-occlusion of a stent inserted
for CMI, the risk is likely to be even higher after occlusion of a
stent used to treat AMI, because of less well-developed
collateral circulation. Emergency stenting for AMI may be
performed under inferior radiological conditions compared
with elective stenting, and the clinical consequences of a
restenosis or re-occlusion are probably more severe.
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One paper reported a mortality rate of 50% after SMA
stent occlusion in patients treated for AMI.43 The most
optimal follow-up interval has not been established. A fac-
tor to take into account is neointimal hyperplasia, which
typically develops 3e15 months after stenting. One centre
advocates imaging prior to discharge, and then every 6
months during the first year, and annually thereafter,99

whereas another centre advocates follow-up at 1, 3, 6,
and 12 months, and then yearly thereafter.101 If the patient
was treated for embolic disease (with an open or endo-
vascular technique), there is probably no indication for
follow-up (other than for the underlying cardiac disease
that generated the embolus) after 30 days.
Recommendation 11 Class Level of evidence References
In patients with AMI and stented mesenteric arteries, imaging
follow-up should be considered

IIa C 99,101

AMI ¼ acute mesenteric ischaemia.
2.6. Medical treatment of mesenteric arterial disease

Patients who survive after acute mesenteric vascular occlu-
sion need lifelong medical treatment. After thrombotic arte-
rial occlusion, patients should have the best medical therapy
against atherosclerosis, including smoking cessation, an anti-
platelet agent, and a statin. A meta-analysis of data from
>170,000 participants in 26 randomised studies of statin
treatment demonstrated a 10% proportional reduction in
total mortality per 1.0 mmol/L reduction of LDL-choles-
terol.102 In a recent meta-analysis on dual versus single anti-
platelet therapy after endovascular arterial procedures in the
lower limb, carotid, and coronary arteries, no significant su-
periority was found for dual over single antiplatelet therapy,
but there was also no evidence of an increased bleeding
risk.103 There are no specific data on secondary prophylaxis in
patients withmesenteric arterial disease, however. In the case
of embolic arterial occlusion, treatment with a lifelong vitamin
K antagonist (VKA) or a New Oral AntiCoagulant (NOAC)
for non-valvular atrial fibrillation is usually indicated.104
Recommendation 12 Class Level of evidence References
In patients surviving AMI, secondary medical prevention, including
smoking cessation, statin therapy, and antiplatelet or
anticoagulation treatment, is recommended

I C 104

AMI ¼ acute (arterial, occlusive) mesenteric ischaemia.
3. ARTERIAL ISCHAEMIA, CHRONIC MESENTERIC
ISCHAEMIA

3.1. Symptoms and signs

CMI is commonly characterised by postprandial abdominal
pain, and when severe, food aversion and weight loss. The
typical pain is mid-abdominal or epigastric and can be sharp
or dull, usually beginning 20e30 minutes after eating and
lasting 1e2 hours. The abdominal pain associated with
eating causes patients to reduce food intake and this leads
to significant weight loss. Patients presenting with a possible
diagnosis of CMI without substantial weight loss should be
further investigated for an alternative diagnosis, although
CMI is possible in the presence of normal weight. The
diagnosis of CMI is often delayed as patients undergo
extensive investigations for possible malignancy or are
classified as having functional abdominal disorders. Atypical
symptoms like constant abdominal discomfort, nausea,
vomiting, diarrhoea, or constipation occasionally can be
present, and may indicate end stage ischaemia, that is a risk
of developing bowel gangrene. Clinical history and physical
examination may reveal atherosclerotic involvement in
other locations.29,105 Abdominal examination may reveal an
epigastric bruit. Laboratory findings are not specific, but may
include anaemia, leukopoenia, electrolyte abnormalities, and
hypoalbuminaemia secondary to chronic malnutrition.
3.2. Anatomy and symptomatology

The anatomy of the three mesenteric arteries CA, SMA,
IMA is discussed in Chapter 1.5. A number of collateral
pathways provide arterial supply when one or two of the
mesenteric arteries are occluded or significantly stenotic
(Fig. 1, page 6). It is assumed that the abundant arterial
collateral circulation of the mesenteric tract prevents
gastrointestinal ischaemia in single vessel disease. This can
be demonstrated by stenosis in a single mesenteric artery
often being found in the general population (up to 18%),
but the diagnosis of mesenteric ischaemia being very
rare.11,106,107 Symptoms of mesenteric ischaemia are usu-
ally not present until at least two of the three mesenteric
arteries are significantly stenosed or occluded. Single vessel
atherosclerotic occlusion, however, can occasionally cause
symptomatic disease.30,108

The most common cause of single vessel abdominal
arterial stenosis is extrinsic compression of the CA by the
median arcuate ligament, often named median arcuate
ligament syndrome (MALS). The median arcuate ligament
passes over the aorta at the level of the first lumbar
vertebral body, superior to the origin of the coeliac axis.
An anomalous fibrous diaphragmatic band compresses the
CA in patients with a relatively low insertion of
the diaphragm. The existence of this disease is still
controversial and the diagnosis depends on elimination of
other possible causes of abdominal pain. The symptoms in
this condition may not be caused by CMI and the patho-
physiology is poorly understood. Despite this, in a pro-
spective cohort study using an ischaemia function test,
treatment offered a long-term benefit in approximately
80% of cases.30



Recommendation 13 Class Level of evidence References
The diagnosis of CMI should be considered less likely in the
absence of multi-vessel stenosis or occlusion, and warrants careful
investigation for alternative causes

IIa C 11,30,106e108

Recommendation 14
In patients with otherwise unexplained abdominal symptoms,
and occlusive disease of two or three mesenteric arteries,
CMI should be considered to be the cause of the symptoms

IIa C 11,30,106e108

CMI ¼ chronic mesenteric ischaemia.
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3.2.1. Diagnostic imaging
3.2.1.1. Abdominal X-ray. Plain abdominal X-ray has no role
in the diagnosis of CMI. As patients do not develop bowel
necrosis the X-rays are usually normal or show nonspecific
findings. Vascular calcification may indicate atherosclerotic
disease, which can be a clue to the diagnosis, but a normal
examination does not exclude CMI.
3.2.1.2. Ultrasound. DUS is most often used as the first
screening imaging study to diagnose the presence of sig-
nificant mesenteric arterial stenosis or occlusion. It may
also be used to evaluate open and endovascular in-
terventions. The investigation may be technically chal-
lenging and requires a skilled specialist. This technique
provides the benefit of dynamic assessment of flow
through narrowed arterial segments. In one study, 83% of
CAs and 93% of SMAs were visualised on the initial DUS,
compared with 100% of CAs and 99% of SMAs visualised on
DSA.109

DUS interpretation criteria have been defined in several
studies, with somewhat diverging results, partly a result of
studying different patient populations. Peak systolic velocity
(PSV) and end-diastolic velocity (EDV) can be used to pre-
dict significant stenosis of the CA and SMA (Table 3).
Comparing DUS evaluation to DSA, a diagnostic accuracy of
85e90% was confirmed for the detection of >70%
mesenteric artery stenosis.110 Postprandial testing with
Table 3. Duplex criteria of mesenteric artery stenosis.

First author
(publication year)

SMA PSV
� 50%
stenosis

SMA PSV
� 70%
stenosis

CA PSV
� 50%
stenosis

CA
�
st

Moneta 1993109

(n¼100)
275 cm/s
sens 92%
spec 96%

20
se
sp

AbuRahma 2012113

(n¼150)
295 cm/s
sens 87%
spec 89%

400 cm/s
sens 72%
spec 93%

240 cm/s
sens 87%
spec 83%

32
se
sp

van Petersen 2013111

(n¼324)
� 220 cm/s
(expiration)
sens 84%
spec 76%

� 277 cm/s
(inspiration)
sens 68%
spec 93%

� 268 cm/s
(expiration)
sens 75%
spec 86%

� 205 cm/s
(inspiration)
sens 78%
spec 84%

� 268 cm/s
(expiration)
sens 66%
spec 80%

� 243 cm/s
(inspiration)
sens 68%
spec 71%

�
(e
se
sp

�
(in
se
sp

SMA ¼ superior mesenteric artery; CA ¼ coeliac artery; PSV ¼ peak
spec ¼ specificity.
administration of a test meal can be helpful and provides
justification for additional imaging of the mesenteric ar-
teries. Interpretation of flow velocities in the mesenteric
vessels should take into account both the respiratory cycle
and the presence of stenoses in the “other” vessel.111,112

DUS is also useful for intra-operative assessment of open
surgical procedures on mesenteric arteries. One single
centre study reported an 8% incidence of technical errors
using routine intra-operative DUS.109e111,113e117

DUS evaluation following endovascular interventions on
visceral arteries may be used as an adjunct to clinical
assessment. There is no consensus on velocity measure-
ments that define the presence of high grade mesenteric
arterial restenosis following open or endovascular revas-
cularisation, but an increase of PSV or EDV in repeated
standardised DUS indicates progressive stenosis of the
mesenteric arteries.118 Most centres use similar criteria to
those used for native arterial lesions. In the case of
abnormal findings, DSA or CTA of the restenosis may be
necessary, DSA having the advantage of permitting pressure
measurements.

There is some evidence to suggest that endoscopic ul-
trasound might be an accurate test to evaluate chronic
abdominal pain and to exclude CMI, avoiding the limitations
of the trans-abdominal technique; however, this has not
been confirmed in larger prospective studies.119
PSV
70%
enosis

SMA EDV
� 50%
stenosis

SMA EDV
� 70%
stenosis

CA EDV
� 50%
stenosis

CA EDV
� 70%
stenosis

0 cm/s
ns 87%
ec 80%
0 cm/s
ns 80%
ec 89%

45 cm/s
sens 79%
spec 79%

70 cm/s
sens 65%
spec 95%

40 cm/s
sens 84%
spec 48%

100 cm/s
sens 58%
spec 91%

280 cm/s
xpiration)
ns 66%
ec 77%

272 cm/s
spiration)
ns 72%
ec 77%

� 62 cm/s
(expiration)
sens 75%
spec 94%

� 52 cm/s
(inspiration)
sens 76%
spec 93%

� 101 cm/s
(expiration)
sens 74%
spec 96%

� 52 cm/s
(inspiration)
sens 78%
spec 93%

� 64 cm/s
(expiration)
sens 78%
spec 65%

� 83 cm/s
(inspiration)
sens 53%
spec 81%

� 57 cm/s
(expiration)
sens 83%
spec 56%

� 84 cm/s
(inspiration)
sens 66%
spec 81%

systolic velocity; EDV ¼ end-diastolic velocity; sens ¼ sensitivity;



Recommendation 15 Class Level of evidence References
In patients with suspected CMI, DUS of the mesenteric arteries is
recommended as the first line examination

I B 109e112,114,119

CMI ¼ chronic mesenteric ischaemia; DUS ¼ duplex ultrasound.
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3.2.2. Angiography. DSA has historically been considered to
be the gold standard for the diagnosis of mesenteric
occlusive disease. It can provide good quality imaging of the
mesenteric vasculature and also demonstrates any collat-
Recommendation 16 Class Level of evidence References
In patients with a moderate to high suspicion of CMI, CTA
is recommended to map the occlusive disease, and to detect
or exclude other intra-abdominal pathology

I C 60,70,115,121e123

Recommendation 17
MRA may be considered an alternative to CTA for diagnosis
of suspected CMI, although there is some evidence that images
obtained with MRA are not as accurate or complete as those
obtained with CTA

IIb C 60,70,115,121e123

CMI ¼ chronic mesenteric ischaemia; CTA ¼ computed tomography angiography; MRA ¼ magnetic resonance angiography.
eral circulation. In addition, it has the advantage of allowing
endovascular procedures to be performed at the same time
as the DSA. On the other hand, DSA is an invasive treatment
with potential complications, and it exposes patients to
radiation. CTA has replaced DSA as a diagnostic modality
and can be used as the diagnostic test for planning endo-
vascular treatment. In some centres, pressure gradient
measurement across the lesion with simultaneously placed
pressure sensors in the aorta and distal to the occlusive
lesion, is an integral part of the endovascular proced-
ure.95,120 Severe SMA stenosis is defined by a mean arterial
pressure gradient across the lesion of 10 mmHg or more
(the aim of stenting is to reduce the mean arterial pressure
gradient close to 0 mmHg,95 see below).
3.2.2.1. Computed tomography angiography. CTA is now
the imaging method of choice in CMI.With 3D reformatting,
it can provide excellent reconstructions of the mesenteric
arteries and has a sensitivity and specificity of 96% and 94%,
respectively, for the diagnosis of occlusions.70 This imaging
technique also allows visualisation of other abdominal
organs during the same procedure and therefore helps to
exclude other causes of chronic abdominal pain. In addition,
CTA allows the identification of calcified plaques. Three-
dimensional imaging allows evaluation of the collateral
circulation which develops in CMI. The CTA findings of
localised narrowing with post-stenotic dilatation and the
absence of atherosclerotic plaques can support the
diagnosis of MALS.121

3.2.2.2. Magnetic resonance angiography. Magnetic reso-
nance angiography as a non-invasive test has a potential
role in the imaging of CMI. In a small series the sensitivity
and specificity were 100% and 95%, respectively, compared
with catheter angiography and surgery.122 The main ad-
vantages of MRA are its lack of radiation exposure and the
possibility of making flow measurements.60,122 CTA has
been demonstrated to be superior to MRA, however, in a
recent study comparing the quality of imaging of the
mesenteric vessels.115 Moreover, it has been confirmed that
the IMA and peripheral mesenteric vessels can be better
visualised using CTA.123
3.2.2.3. Proof of ischaemia (functional evaluation). The
presence of vessel stenosis is no proof of actual ischaemia,
and the clinical history of CMI has a large overlap with many
other disorders including those of the pancreas, gall bladder,
stomach, and duodenum, as well as functional disorders.
This emphasises the need for a functional test that could
actually prove ischaemia and distinguish CMI from other
conditions. Most experienced physicians do not hesitate to
treat patients with weight loss or severe postprandial
complaints in the presence of severe multi-vessel involve-
ment. The far more common patient with single vessel
stenosis, however, is a different problem. Most will not have
ischaemia, and the numbers of these asymptomatic patients
referred will probably increase with the increasing use of
imaging for other suspected conditions. The number of
reliable diagnostic tests, however, remains very limited.

Proof of actual CMI can be obtained through five types of
investigation:

i) assessment of tissue ischaemia during endoscopy
ii) measurement of gastrointestinal blood flow
iii) measurement of decreased tissue PO2 or increased

tissue CO2

iv) measurement of ischaemia specific biomarkers
v) laparotomy with histopathology.

Upper gastrointestinal endoscopy showed no abnormalities
in a cohort of 41 CMI patients.124 Histopathological examina-
tion of gastroduodenal biopsies had no additional value mainly
because the abnormalities are minimal and nonspecific.125

Measurement of blood flow changes in the mesenteric ar-
teries is not sufficient toproveCMI.Thepresenceorabsenceof
collaterals and variable metabolic demand play a crucial but
poorly defined role. It was hypothesised that the cumulative
gastrointestinal blood flow,measured in the portal vein (PV) or
in the entire hepatic circulation should be diminished after a
test meal.126 One investigation of six patients with severe
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multi-vessel CMI suggested that a low basal blood flow, or an
increase below 30% after a meal would indicate CMI.127 Only
small cases series have been published thereafter, and the
technique is rarely used anymore. Measurement of PV blood
flow might be a less invasive alternative,128 but to the GWC’s
knowledge no subsequent studies have been published.

Measurement of mucosal blood flow combined with ox-
ygen saturation has been used for decades. Recently, an
improved technique, visual light spectroscopy, has become
available. In the largest published study of 41 CMI patients
(diagnosed by a multi-disciplinary team based on evaluation
of symptoms, gastrointestinal tonometry, and abdominal
CTA or MRA) a sensitivity of 90% and a specificity of 60%
were demonstrated.124 The latter seems insufficiently reli-
able for patient selection.

Increased luminal PCO2, known as tonometry, is indica-
tive of mesenteric ischaemia, irrespective of flow or meta-
bolism. This has been firmly established in various animal
models using both occlusive and non-occlusive causes.129

The luminal PCO2 can be measured using a nasogastric
and nasojejunal catheter attached to a specially designed
capnograph (Tonocap�) that measures the PCO2 automati-
cally. This PCO2 gradient increased only when blood flow
was reduced below 50% of the basal flow and then
increased sharply.130,131 The increased CO2 stems from
locally buffered lactic acid in anaerobic metabolism.

Tonometry, either as an exercise test or after standard
test meals, has good accuracy for diagnosing CMI.30,132 The
sensitivity and specificity for diagnosing CMI are 76% and
92% for exercise tonometry and 92% and 77% for 24 hours
tonometry.132,133 The drawback of tonometry is that the
current technique is complicated, time-consuming, and
error-prone. The current manufacturer has stopped pro-
duction and support of the Tonocap�, although catheters
are still available, and it is uncertain if other PCO2 based
measurements will become available.

Availability of serological markers for CMI detection could
be a major advantage in diagnosis. Most studies of serolog-
ical markers in mesenteric ischaemia have been performed in
AMI or NOMI patients.49,67,134,135 In a pilot study in 24 CMI
patients it was demonstrated that ischaemia was associated
with I-FABP increase after meals.136 No large studies have
been published in CMI patients so far, so serology remains an
unproven diagnostic tool for the foreseeable future.

Accurate functional testing is urgently required to help
diagnose suspected CMI, in particular in one vessel dis-
ease. Currently, however, the methodology is not yet
Recommendation 18
In patients with symptomatic CMI caused by multi-vessel occlusive
disease, revascularisation is recommended
Recommendation 19
In patients with symptomatic single vessel disease, revascularisation
may be considered
Recommendation 20
In patients with advanced CMI (severe weight loss, diarrhoea,
continuous pain), it is not recommended that revascularisation
is delayed by attempts to improve the nutritional status

CMI ¼ chronic mesenteric ischaemia.
validated and widespread enough to issue any recom-
mendations on its use.

3.2.3. Treatment. Revascularisation is indicated in patients
who develop symptoms of CMI. There is no role for a
conservative approach with long-term chronic parenteral
nutrition and non-interventional therapy. In fact, excessive
delays in proceeding with definitive revascularisation or use
of parenteral nutrition alone have been associated with
clinical deterioration, bowel infarction, and risk of sepsis
from catheter related complications.40

The goals of mesenteric revascularisation include relief of
symptoms, improving quality of life, restoration of normal
weight, and improving survival by prevention of bowel
infarction. Prophylactic revascularisation in patients with
asymptomatic disease is controversial and is rarely performed.
Based on one report there may be a role for prophylactic
revascularisation in patients with severe three vessel disease
who have difficult access tomedical care orwho live in remote
or underserved areas.11 If a conservative approach is taken,
these patients need to be closely monitored and counselled
regarding symptoms ofmesenteric ischaemia. A low threshold
is recommended for proceeding with revascularisation if the
patient develops any gastrointestinal symptoms such as
abdominal bloating, diarrhoea, or atypical pain. Mesenteric
revascularisation during other concomitant aortic re-
constructions also remains controversial because combined
reconstructions have higher morbidity and mortality rates.

The relevance of single vessel mesenteric stenosis is
controversial. It has been shown that long-term improvement
can be achieved by treatment and therefore the main ques-
tion is how to select patients who will benefit from treat-
ment. Two reports that have studied this found that clinical
history has a low predictive value.133,137 Comparing the clin-
ical presentation of 109 patients with CMI to 161 patients
without ischaemia, only postprandial pain, weight loss, an
altered eating pattern, and diarrhoea were of some value.
Even when all four symptoms were present, the probability of
CMI was only 60%.137 This emphasises the need for functional
tests, especially in patients with single vessel disease.

There is little evidence foreitherenteral orparenteral feeding
of patientswith CMI, despite the symptoms ofmalnutrition and
weight loss. Experimentally there is some evidence that enteral
nutrition increases intestinal metabolic demand and may
contribute to bowel necrosis in cases of impaired mesenteric
perfusion.138 Revascularisation is the mainstay of treatment,
following which the patient can resume oral nutrition.
Class Level of evidence References
I B 11,40,133

IIb B 133,137

III C 11,40
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3.2.4. Treatment strategies. Revascularisation strategies to
treat CMI continue to evolve with rapid development of
novel endovascular devices and techniques. During the last
decade the number of mesenteric revascularisations has
increased tenfold because of increasing recognition and the
advent of endovascular therapy, which allows a less invasive
treatment alternative.10 In most centres angioplasty and
stenting have become the primary treatment modalities,
relegating open surgical bypass to patients who are not
candidates or who fail endovascular therapy.10,139,140 In a
recent systematic review endovascular revascularisation
Recommendation 21 Class Level of evidence References
In patients with CMI, needing revascularisation, the superior long
term results of open surgery must be offset against a possible early
benefit of endovascular intervention with regard to peri-procedural
mortality and morbidity.

I B 10,139,141,142

CMI ¼ chronic mesenteric ischaemia.
was demonstrated to have a mortality risk of 6% (range 0e
21%).141 Compared with open surgical bypass, endovascular
revascularisation has been associated with decreased
morbidity, length of stay, and convalescent time.139,141 A
meta-analysis of mortality following open and endovascular
revascularisation has been performed by the GWC (Fig. 5).
Although it could be questioned whether an unpublished
meta-analysis should be included in a guideline, the GWC
thought the issue to be of such great clinical importance
that they performed the analysis themselves, using the
methodology described in: www.prisma-statement.org. In
single centre cohorts, from highly specialised centres, no
difference in mortality was identified (OR 1.12, 95% CI 0.6e
2.08). In administrative data from the Nationwide Inpatient
Sample from the USA, however, the mortality was lower
Figure 5. Meta-analysis of mortality after open and endovascular rev
March 2016, and is only published in this document.)
after endovascular revascularisation (OR 0.20, 95% CI 0.17e
0.24).10,142

Mesenteric bypass on the other hand, offers improved
patency, with lower rates of re-intervention and better
freedom from recurrent symptoms. It remains to be proven
that endovascular treatment leads to similar long-term
patency and clinical improvement.10,140,141,143e153 Rando-
mised controlled trials (RCTs) are warranted, but are diffi-
cult to perform because of small numbers of patients, but if
major referral centres could collaborate this would certainly
be feasible.
3.2.5. Endovascular revascularisation. The SMA is the main
primary target for revascularisation, whenever possible.
Revascularisation of the CA or IMA has also been per-
formed, particularly when the SMA is chronically occluded
and not suitable for recanalisation. The characteristics of the
SMA that affect treatment selection include vessel diam-
eter, extent of stenosis or occlusion, presence of tandem
lesions, degree of calcification, and the extent of collater-
alisation.142e145 Angioplasty and stenting are most effective
for relatively short focal SMA stenoses or occlusions with
minimal to moderate calcification or thrombus. Endovas-
cular revascularisation also may be possible in patients with
longer segment occlusions or excessively calcified ves-
sels.154,155 For CA lesions, angioplasty and stenting carries a
higher rate of restenosis,156 and should not be performed if
ascularisation. (This meta-analysis was performed by the GWC in

http://www.prisma-statement.org
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there is active compression by the median arcuate
ligament. CA stenting is an option if the vessel is not
compressed or if the median arcuate ligament has
been surgically released using a laparoscopic or open
technique.

The role of two vessel stenting (of both the CA and the
SMA) remains controversial, but most reports indicate that
angioplasty and stenting of a single vessel may be sufficient.
Two retrospective studies have shown a non-significant
trend towards lower recurrence with two vessel stent-
ing,157,158 and another study showed more frequent long-
term success after two vessel repair.129 On the other
hand, another study reported nearly identical recurrence
rates at 2 years in patients treated with SMA stents (78%)
Recommendation 22 Class Level of evidence References
In patients requiring revascularisation for CMI, the SMA is the
main target vessel using either open or endovascular techniques

I B 156,171,183

Recommendation 23
In patients requiring endovascular treatment of CMI, routine
mesenteric stenting should be used, as opposed to plain
balloon angioplasty

I C 101,155e158,
172e179,181,182

CMI ¼ chronic mesenteric ischaemia; SMA ¼ superior mesenteric artery.
compared with two vessel stenting of the SMA and CA
(60%).156 Two vessel mesenteric interventions may have a
role in selected patients with severe gastric ischaemia who
do not have a good collateral network between the CA and
SMA. A second intervention adds cost and potential risk of
complications, but there are some data indicating that two
vessel revascularisation is superior to one vessel revascu-
larisation.129,145e147 The GWC did not consider the data
robust enough, however, to issue a recommendation to
support routine two vessel over one vessel revascularisation.

CA intervention may be considered in higher risk patients
who have had failed recanalisation of the SMA, or in those
in whom an SMA intervention is felt to have a low chance of
success because of excessive calcification or long segment
Recommendation 24 Class Level of evidence References
In patients requiring mesenteric artery stenting, covered stents,
as opposed to bare metal stents, may be considered

IIb C 185
occlusion. In some patients, coeliac stenting may be
considered a “bridge” to open bypass or retrograde SMA
stenting.159 Evidence for the efficacy of angioplasty of the
IMA is limited, although a case series of four patients with
successful results has been reported.160 The indication for
IMA angioplasty remains unclear.

In many centres, an endovascular first approach is used,
regardless of the patient’s clinical risk. Anatomical factors
that increase the technical difficulty of endovascular pro-
cedures include severe eccentric calcification, flush
occlusions, and long lesions that extend into the mid-
segment of the SMA. In these cases, stenting may be
possible, but the technical result is not optimal and reste-
nosis or intra-procedural complications can occur.99,161

Balloon angioplasty, which was the primary method used
in the first reports and in the 1990s, has been largely
replaced by primary stenting because of elastic recoil and
restenosis, which limits its use for ostial lesions.151,162e171

Although there are no prospective comparisons between
angioplasty alone and primary stenting, most experts agree
that routine mesenteric stenting is indicated given that these
lesions resemble renal artery stenoses.101,155e158,172e183

Further data are required on the possible benefits of drug
eluting balloons and stents in the mesenteric arteries.
Recanalisation with deliberate sub-intimal angioplasty
has also been described,184 but there are no studies
comparing results of this with standard intraluminal
angioplasty.

There is some controversy as to whether a bare metal or
covered stent should be used to treat SMA stenosis. In a
retrospective non-randomised study of 225 patients,
covered stents were associated with lower restenosis rates,
a lower clinical symptom recurrence rate, and fewer re-
interventions when compared with bare metal stents
(approximately 10% compared with 50%).185 An ongoing
Dutch multicentre RCT compares bare metal versus covered
stents of CA and SMA origin stenosis (NL 46337.078.13).
Results are expected in 2017.
3.2.6. Open surgery. Open surgical bypass has been used
primarily in patients who have unfavourable mesenteric le-
sions, and/or have had a failed percutaneous intervention
and/or have recurrent in-stent stenosis/occlusion. Amortality
of <3% has been reported for mesenteric bypass performed
in large tertiary care centres, although this may be higher in
patients who present late with established bowel infarc-
tion.139,145,186 Surgery also may be preferable in patients who
have non-atherosclerotic causes such as vasculitis, neurofi-
bromatosis, and mid-aortic syndrome.187,188



Recommendation 25 Class Level of evidence References
In patients with CMI, open revascularisation should be considered
in the following situations:

i) In a patient who has failed endovascular therapy or
ii) In patients who are not candidates for endovascular

intervention because of extensive occlusion and calcification
precluding safe angioplasty and stenting or

iii) In young patients with complex non-atherosclerotic lesions
caused by vasculitis or mid-aortic syndrome

IIa B 101,151,155e158,
162e181

CMI ¼ chronic mesenteric ischaemia.
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3.2.6.1. Pre-operative evaluation prior to open surgery.
Pre-operative evaluation should assess surgical risk,
nutritional status, and anatomical factors that affect the
choice of reconstruction. A comprehensive evaluation of
cardiac, pulmonary, and renal function is needed, because
these procedures are usually required in patients who
have multiple comorbidities. This should not delay treat-
ment in patients requiring urgent revascularisation.
Routine cardiac catheterisation is unnecessary and cardiac
evaluation and peri-operative management are guided by
the recommendations of the European Society of Cardi-
ology for patients undergoing major non-cardiac sur-
gery.189 Although nutritional status and smoking cessation
are important, time is most important, and revascularisa-
tion must not be delayed.

3.2.7. Open surgical techniques. Planning open surgical
reconstruction of the mesenteric arteries involves selec-
tion of the type of incision (transperitoneal vs. retroper-
itoneal), conduit (vein vs. prosthetic), graft configuration
(antegrade vs. retrograde), source of inflow (aortic vs.
iliac), and the number of vessels to be reconstructed
(single vs. multiple). The type of open reconstruction
should be tailored to the anatomy and to the patient’s
clinical risk assessment.140 Patients with less physiological
reserve because of advanced age, cachexia, or severe
cardiac, pulmonary, and renal dysfunction are not good
candidates for supra-coeliac aortic reconstructions, but
may be better suited to extra-anatomical
reconstructions based on the infrarenal aorta or iliac ar-
tery. Alternatively, the technique of retrograde open
mesenteric stenting (ROMS) has been used with surgical
exposure of the SMA and introduction of the stent
retrogradely via direct puncture.96,190,191 In the largest
series published so far, successful ROMS was reported in
14 of 15 cases, with high secondary patency rates.97

3.2.7.1. Antegrade bypass. The distal thoracic or supra-
coeliac aorta is often selected as the inflow source if it is
spared from severe atherosclerotic disease. The graft
configuration may offer a potential haemodynamic advan-
tage, while avoiding the potential risk of graft kinking that
can occur with retrograde grafts.192 In most reports, two
vessel reconstruction of the CA and the SMA is done using a
bifurcated polyethylene terephthalate (e.g. Dacron�)
graft.139,186
3.2.7.2. Retrograde bypass. A retrograde bypass based on
the infrarenal aorta, a previous aortic graft, or the iliac ar-
teries may be preferred if the supra-coeliac aorta is
diseased or the patient has compromised cardiac or pul-
monary function. Most retrograde reconstructions deal with
a single vessel, typically the SMA, but reconstruction of the
CA or common hepatic artery can also be achieved by
tunnelling the graft retroperitoneally or via the transverse
mesocolon. The anastomotic site of the graft is determined
by the lack of significant calcification. It can be in the distal
aorta or the iliac arteries, which has the advantage of
avoiding cross-clamping the aorta. As the graft assumes a C-
shaped configuration, it is important to avoid graft elon-
gation, angulation, or kinking. It is also important to cover
the graft with an omental flap to avoid contact with the
intestines. Reports suggest that retrograde grafts perform
as well as antegrade grafts.139,186

3.2.7.3. Retrograde open mesenteric stenting. The ROMS
technique uses a hybrid approach via a midline laparotomy
to expose the SMA or CA combined with endovascular
retrograde stenting.96,190 ROMS is an alternative if percu-
taneous stenting via the aorta fails. It avoids the need for
extensive dissection, vein harvesting, and use of a pros-
thetic graft, and may be ideal in patients with extensive
aorto-iliac disease and no good inflow source, or in those
with bowel gangrene and contamination.

The SMA is dissected out below the pancreas and any
jejunal branches are controlled prior to catheter manipu-
lations. Retrograde access is established with a guidewire
and sheath. The narrowed or occluded vessel is treated by
angioplasty and stenting, most often using a balloon
expandable stent. It can sometimes be easier to snare the
guidewire in the aorta, and then work from the groin or the
arm rather than from the abdomen. The puncture site is
closed with interrupted sutures or opened longitudinally
and closed with a patch if severely diseased. Re-entry into
the aorta can sometimes be difficult with this technique,
and there is a risk of causing an aortic dissection.
3.2.7.4. Endarterectomy. Trans-aortic endarterectomy is
now rarely used, but can be considered in patients that
have bacterial contamination or perforated bowel, previous
abdominal irradiation, extensive abdominal wall hernias, or
other hostile conditions. A recent publication reported an
operative mortality of 3.8% among 80 patients treated by
trans-aortic endarterectomy.193 The mean follow-up was 3.8
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years (range 0e17 years). The 1- and 5 year survival was
92.2% and 64.5%, respectively. Symptoms requiring re-
intervention occurred in nine (11%) patients at a mean of
29 months. Direct mesenteric endarterectomy, with or
without stenting of proximal disease, is an alternative in
some cases.
Recommendation 26 Class Level of evidence References
In patients needing mesenteric revascularisation, ROMS should
be considered when trans-aortic stenting and open
reconstruction are impossible

IIa C 139,186,194

ROMS ¼ retrograde open mesenteric stenting.
3.3. Results and follow-up

Most publications on the treatment of CMI report 30 day
and in hospital outcomes. Those studies that report longer
follow-up often have incomplete data and therefore the
long-term outcome of mesenteric revascularisation is diffi-
cult to assess. Some studies report outcomes until 5 years
after treatment, but there is little information beyond this
time period.

A review144 of eight studies (n¼247) comparing open
versus endovascular revascularisation for CMI identified a
higher technical success rate for open compared with endo-
vascular intervention, but for the latter this improved with
time. The rate of early post-operative symptom relief (five
studies) was higher for open versus endovascular revascu-
larisation, but significantly higher in only two studies (71% vs.
33%, p¼.01 and 100% vs. 79%, p¼.03). The rate of late
symptom relief (seven studies, follow-up 1e3 years) was also
higher for open versus endovascular revascularisation, and
significantly higher in five studies (range 59e100% for open
revascularisation and 22e75% for endovascular revascular-
isation; p¼.0004 to p¼.02). There was no significant differ-
ence in the 30-day mortality rates. Rates of medium-term
restenosis (five studies) and re-intervention (four studies)
were reported to be significantly lower for open revascular-
isation. Primary graft patency was higher for open revascu-
larisation at 6 months (one study), 1 year (one study, 90% vs.
58%, p<.001), and 2 years (one study). Secondary graft
patency was higher for open revascularisation at 2 years (two
studies; 87% vs. 69%, p¼.003 and 100% vs. 65%, p¼.006) and
3 years (one study).

In a retrospective study of 86 open revascularisation
procedures performed for CMI, primary outcomes were 30
day mortality and morbidity, and secondary outcomes were
survival, primary patency (PP), secondary patency, and
freedom from digestive symptoms, depending on the
completeness of the revascularisation performed.181 Me-
dian follow-up was 6.9 years (range 0.3e20.0). The 30 day
mortality and morbidity rates were, respectively, 3.5%
and 13.9%. Ten year survival was 88% for complete and
76% for incomplete revascularisation (p¼.54). The PP was
84% at 10 years for complete and 87% for incomplete
revascularisation (p¼.51). The 10-year secondary patency
was 92% for complete and 93% for incomplete revascu-
larisation (p¼.63). Freedom from gastrointestinal symp-
toms was influenced by the completeness of
revascularisation: 79% for complete versus 65% for
incomplete revascularisation at 10 years (p¼.04).
The possible benefits of imaging follow-up after mesen-
teric revascularisation are unknown. If routine imaging (US/
CTA/MRA) is performed it is also unknown what manage-
ment would be recommended if an asymptomatic reste-
nosis was found. In a study of 157 patients treated for CMI
by mesenteric artery angioplasty and stenting, 57 patients
(36%) developed a restenosis after a mean follow-up of 29
months.90 Thirty patients underwent treatment, 24 of
whom presented with recurrent symptoms and six had pre-
occlusive lesions. Mesenteric re-interventions were associ-
ated with a low mortality (3%), a high complication rate
(27%) (e.g. access site problems, bowel ischaemia, conges-
tive cardiac failure, and stent thrombosis) and excellent
symptom improvement (92%). In another report on 24
patients who underwent SMA stenting for CMI and who
were followed with DUS, eight re-interventions were
performed.

It follows from examining the data in these and other
studies that the main reason to follow patients up after
mesenteric revascularisation is to assess restenosis of an
angioplasty or stented site or to identify a stenosed or
occluded surgical graft. The majority of cases who
proceed to treatment in this situation, however, are pa-
tients who have recurrent symptoms following previous
treatment. There is little evidence therefore to indicate
that routine follow-up, either clinically, or with some mo-
dality of vascular imaging is of benefit. The European So-
ciety of Cardiology guidelines on the treatment of
peripheral arterial diseases recommend duplex ultrasound
every 6e12 months but again there is no evidence to
support this.195 When deciding on follow-up (clinical and/
or with imaging) the value not only for the patient, but
also the competence of the multidisciplinary team inves-
tigating and treating patients with CMI, must be
considered.196

In general, there is evidence from patients with athero-
sclerosis that antiplatelet therapy is beneficial, particularly in
preventing cardiac events and stroke. It is unclear currently
whether dual antiplatelet therapy confers any additional
benefit to prevent restenosis after mesenteric revascularisa-
tion, compared with single antiplatelet therapy.



Recommendation 27 Class Level of evidence References
In patients after revascularisation for CMI, repeated follow-up by
clinical assessment to detect symptomatic restenosis might be considered

IIb C 99,196

Recommendation 28
In patients after revascularisation for CMI, repeated long-term follow-up
by imaging to detect asymptomatic restenosis might be considered

IIb C 99,196

Recommendation 29
In patients after revascularisation for CMI, antiplatelet therapy is
recommended

I A 195

Recommendation 30
In patients after endovascular revascularisation for CMI, dual antiplatelet
therapy might be considered for 3e12 months

IIb C 183

CMI ¼ chronic mesenteric ischaemia.
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CMI is an uncommon condition requiring an integrated
team approach. Diagnosis, selecting patients for revascu-
larisation, and being able to offer different treatment op-
tions (both open and endovascular surgery) requires a team
of dedicated and experienced specialists.197,198 This
background explains the last recommendation of this
chapter.
Recommendation 31 Class Level of evidence References
Patients with CMI should preferably be investigated and treated at
specialised centres that can offer a multidisciplinary assessment, as well
as both open and endovascular treatment

I C 197,198

CMI ¼ chronic mesenteric ischaemia.
4. ARTERIAL ISCHAEMIA, NON-OCCLUSIVE MESENTERIC
ISCHAEMIA

4.1. Background and definition

Acute and chronic arterial occlusions leading to mesenteric
ischaemia have been discussed in the previous chapters.
Arterial occlusion is not always necessary to produce intestinal
gangrene. Ischaemia develops when the oxygen supply to the
intestines is insufficient to meet metabolic needs. The term
NOMIwas first suggested by Ende in 1958.199 In the critically ill
patient, often having a low CO, multiple interventions are
performed to save the patient’s life.31 In this situation the in-
testinal circulation may be compromised, sometimes as a side
effect of resuscitation causing vasoconstriction of the
mesenteric circulation, or caused by an ACS.200

Although the definition may seem rather straightforward,
that is there is no occlusion of the mesenteric arteries, it is
not easy to define NOMI. The main mechanism underlying
NOMI is mesenteric vasoconstriction in response to reduced
effective blood volume.201 NOMI can develop in a patient
with asymptomatic mesenteric atherosclerosis, for example
when circulatory shock develops in the presence of
mesenteric stenosis. This combination may change a pre-
viously asymptomatic stenosis of a mesenteric artery into
life threatening mesenteric ischaemia if hypotension,
hypovolaemia, or ACS develops. It is suggested therefore
that NOMI is defined in the following way:

“NOMI is defined as a hypoperfusion syndrome that occurs
when severe ischaemia of the intestines develops, despite
the mesenteric arteries being patent. It is caused by either
mesenteric vasoconstriction secondary to conditions such
as heart failure, vasoconstrictive medication, and hypo-
volaemia or by increased intra-abdominal pressure.”

The subgroup of patients who have an underlying arterial
stenosis is an important one, as it affects both diagnosis and
treatment, to be discussed below. There are a number of
clinical scenarios in which NOMI can develop, and the most
common are the following:

a) The patient with severe cardiac failure, needing massive
inotropic support or an intra-aortic balloon pump device
to survive. Even compensated patients with cardiac
failure have been shown to have mild NOMI.202

b) In the post-operative period after cardiac surgery.
c) Intestinal hypoperfusion following renal replacement

therapy or massive burn injury, in both situations
associated with hypovolemia.

d) Patients with ACS, in particular after massive bleeding,
with or without trauma.

e) Intestinal hypoperfusion following aortic dissection type
A or B.

f) Colonic ischaemia following AAA repair.
g) Patients with severe sepsis.

According to the recently published Management of
Descending Thoracic Aorta Diseases Clinical Practice
Guidelines (of the ESVS), the risk of developing visceral
ischaemia after type B aortic dissection (TBAD) is approxi-
mately 7%.203 That may develop either as systemic hypo-
perfusion secondary to compression of the true lumen, or
as a specific malperfusion of the mesenteric arteries. Ac-
cording to the International Registry of Aortic Dissection,
visceral ischaemia is the third most common cause of death
in patients with TBAD (after aortic rupture and tampo-
nade).204 Given this background, the mentioned guidelines
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recommend that patients with acute TBAD who develop
new or recurrent abdominal pain and, where there is sus-
picion of visceral, renal, and/or limb malperfusion, should
undergo repeat CTA (Class I, Level C).203 Those guidelines
give general recommendations regarding prevention and
treatment of malperfusion, and thus are not included in
these mesenteric Guidelines.

Colonic ischaemia is an important complication of AAA
repair. The main risk factors are rupture, massive bleeding,
and intra-abdominal hypertension or ACS.31,142,205 Although
this complication was not covered by the ESVS AAA clinical
practice guidelines published in 2011,206 it will be covered by
the revised AAA guidelines to be published in 2018. No rec-
ommendations are issued on this condition in this document.

These Guidelines will not discuss further the NOMI
associated with severe sepsis, but refer to guidelines
focused on intensive care (there are several). There are
multiple case reports on the association between use of
cocaine or crack cocaine and intestinal ischaemia, affecting
different parts of the gastrointestinal tract. It is unclear,
however, if this is an occlusive or non-occlusive mechanism,
as thrombosis of the SMA has been observed in some cases.

A special situation occurs if a mesenteric vessel is
occluded or stenosed (most often the IMA, but also the
SMA or CA) without resulting in any symptoms before the
patient develops hypovolaemia and/or hypotension. Is that
to be defined as occlusive or non-occlusive disease? This is
not crystal clear, and is a grey zone of uncertainty similar to
that of acute on chronic mesenteric ischaemia, AMI or CMI?

4.2. Diagnosis

In all the clinical scenarios discussed (aed above), the key
to diagnosis is clinical suspicion and knowledge that these
groups of patients are at risk of mesenteric ischaemia. An
observational study from 43 ICUs in France, over a period of
5 years aimed to determine risk factors for death in patients
with AMI.194 They confirmed AMI in 780 patients, diag-
nosed by CTA in 58% and at surgery in 27%. Unfortunately,
they did not report separately for AMI and NOMI. The
Recommendation 32 Class Level of evidence References
In patients suspected of having NOMI, clinical suspicion should be
considered the mainstay of diagnosis

IIa C 206e208,210

Recommendation 33
In patients suspected of having NOMI, use of biomarkers to
diagnose or rule out the condition is not recommended

III C 206e208,210

NOMI ¼ non-occlusive mesenteric ischaemia.
mortality was 58%. Increasing age, having a higher
Sequential Organ Failure Assessment severity score, and a
plasma lactate concentration >2.7 mmol/L at diagnosis
were independent risk factors of ICU mortality. In contrast,
having a prior history of peripheral vascular disease or an
initial surgical treatment were independent protective fac-
tors against ICU mortality. This latter observation is probably
explained by a higher grade of suspicion, improving the
chance of an earlier diagnosis.
Another investigation attempted to identify risk factors
for developing NOMI after cardiac surgery in a prospective
study of 865 patients, among whom 78 (9%) developed
NOMI.207 Diagnosis was verified by angiography in all pa-
tients with suspected NOMI. Renal insufficiency and age
>70 years were pre-operative risk factors, but the odds
ratios were greater for the following post-operative risk
factors: intra-aortic balloon pump support and serum
lactate >5 mmol/L. They also tested endothelin-1 levels in a
case controlled study nested in this cohort, using propensity
score analysis to identify the controls.208 Patients with
NOMI had higher levels of endothelin-1, both pre- and post-
operatively (the probability of developing NOMI increased
with each picogram/mL of endothelin-1: odds ratio pre-
operatively 1.29, post-operatively 2.04). Whether or not
this is useful as a diagnostic test, and if so, which threshold
value gives the optimal sensitivity and specificity, remains to
be determined. The proportion of patients developing
NOMI after cardiac surgery in this series (9%) was quite high
compared with other reports,208 for example one study
reported 23 cases of NOMI in a cohort of 3600 consecutive
patients (0.64%).209 Whether this more than 10 times
higher incidence of NOMI reflects a higher diagnostic ac-
tivity, or a selected patient cohort or both, remains unclear.

As already discussed in chapter 2 on AMI, the only sen-
sitive (but highly nonspecific) biomarker for intestinal
ischaemia is D-dimer, which is effective as an exclusion test
in this situation.44e48 After surgery D-dimer is not a useful
biomarker for intestinal ischaemia as all patients have
elevated D-dimer post surgery. Although Leone et al.
showed that high lactate levels are predictive of death after
AMI in ICU patients, this does not imply that the test is a
reliable diagnostic test.210 Lactate is very effectively
metabolised during its first passage through the liver,
resulting in it not serving as an early marker of intestinal
ischaemia. In conclusion there are no reliable biomarkers
for intestinal ischaemia secondary to NOMI in the afore-
mentioned clinical scenarios, and therefore no recommen-
dations can be made.
4.3. The role of imaging

Diagnosing intestinal ischaemia with DUS is dependent on
verifying a high PSV, which is unlikely during NOMI. Even a
significant stenosis where the mesenteric arteries originate
from the aorta will not result in a high PSV, because of the
low flow situation. Standard CTA or MRA also fail to reliably
diagnose NOMI, as they lack the necessary flow dynamics.
Multi-detector computed tomography in 38 patients who
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underwent laparotomy for suspected NOMI were analysed
retrospectively by three independent radiologists.211 The
sensitivity and specificity were 96% and 33e60%, respec-
tively, and the inter-observer agreement was 68%, which
are not acceptable figures for a diagnostic test. Another
investigation compared the diameter of the SMA with
multi-planar reconstruction of CTA images between four
cases with NOMI and 13 controls, and found that the
diameter of the SMA was significantly smaller among the
NOMI patients.212 Nakamura et al. compared the diameter
of the SMA and the SMV, measured on CTA in 11 patients
with NOMI and 44 controls.213 The diameters of both the
SMA and the SMV were smaller in NOMI patients, but the
difference was greater when the diameters of the SMV
were compared. Whether these observations can develop
into criteria that can be useful in diagnosing NOMI remains
to be seen.

DSA, although invasive, remains the only method
available to verify a clinical suspicion of NOMI. To objec-
tively assess the angiographic findings and correlate them
with the presence of NOMI, one study analysed images
from 63 consecutive patients who underwent DSA for
suspected NOMI after previous cardiac or major thoracic
vessel surgery.214 Vessel morphology and reflux of
contrast into the aorta correlated with death, and reflux of
contrast also correlated with lactate levels, suggesting that
extensive bowel gangrene had already developed in these
cases. Delayed PV filling did not correlate with death.

In their primary description of mesenteric vasospasm in
1974, Siegelman et al.215 suggested four radiological signs
for the diagnosis of mesenteric vasospasm: 1) Narrowing of
the origins of multiple branches of the SMA. 2) Alternate
dilatation and narrowing of the intestinal branches (some-
times referred to as “the string of sausages sign”. 3) Spasm
of the mesenteric arcades. 4) Impaired filling of intramural
vessels.215 Reflux of contrast into the abdominal aorta has
also been regarded as a sign of NOMI.216
Recommendation 34 Class Level of evidence References
In patients suspected of having NOMI, DSA should be considered
the most reliable method to verify the diagnosis

IIa C 44e47,215,216

NOMI ¼ non-occlusive mesenteric ischaemia; DSA ¼ digital subtraction angiography.
Although laparotomy is useful in diagnosing the extent of
bowel injury, it cannot distinguish between occlusive dis-
ease and NOMI.

An interesting subgroup of patients are those who
develop isolated colonic ischaemia. When colonic ischaemia
(often erroneously labelled “ischaemic colitis” because of
the inflammation that is secondary to the ischaemia) de-
velops after AAA surgery, the left colon is typically affected.
Recommendation 35
In patients with known risk factors for IAH/ACS, a protocol for
monitoring of IAP is recommended to prevent NOMI

IAH ¼ intra-abdominal hypertension; ACS ¼ abdominal compartment
mesenteric ischaemia.
This is a consequence of IMA either being occluded prior to
surgery, or sacrificed during surgery. In a study of 63 pa-
tients suffering intestinal ischaemia after open aortic repair,
the left colon was affected in 89%.217

When colonic infarction occurs as a consequence of
classical NOMI, the right colon is more often affected. One
study reported 23 patients who developed colonic
ischaemia within 3 days of myocardial infarction, repre-
senting 0.13% of a larger cohort of 17,500 patients with
myocardial infarction.218 The main risk factor was hypo-
tension. Another investigation identified 58 patients with
right sided colonic gangrene and concluded that in this
subgroup 54% had some degree of mesenteric atheroscle-
rosis present on radiological examination.219 In one study
focusing on fatal isolated colonic ischaemia identified at
autopsy, 53 patients were identified.220 In this study the left
colon was most commonly affected, but the caecum was
affected in 25%, and the ascending colon in 26%.

Among patients who develop NOMI during renal replace-
ment therapy (RRT) the right colon is often affected.221 Hy-
potensive episodes are always reported, and diabetes,
hypertension, and high dose recombinant human erythro-
poietin therapy also have been reported as risk factors.221,222

Among patients who develop bowel gangrene after severe
thermal injury, NOMI is the main aetiology. In one study of
thermal injury, 17 patients developed intestinal infarction,
82% of these had NOMI, and the remainder had an embolic
aetiology.210 The total body surface area burned was 48% in
the NOMI group and 20% in the embolic group.223 Those
with emboli were much older and had 100% mortality.

If NOMI is difficult to diagnose in most cases, this is not
true for the hypoperfusion situation that develops sec-
ondary to intra-abdominal hypertension (IAH) and ACS. The
consensus definitions and clinical practice guidelines from
the World Society of the Abdominal Compartment Syn-
drome (WSACS) were updated in 2013, based on a sys-
tematic review of the literature.200 It has been shown in
multiple studies that IAH results in bowel ischaemia,205,224

and, according to the WSACS guidelines, an intra-
abdominal pressure (IAP) above 12 mmHg negatively af-
fects bowel perfusion.225 NOMI secondary to IAH/ACS can
result in multi-organ failure, bowel gangrene, and death.211

IAP should be measured routinely in patients with risk of
developing IAH/ACS, followed by action according to a
predefined protocol if IAH develops.
Class Level of evidence References
I B 200,205,224

syndrome; IAP ¼ intra-abdominal pressure; NOMI ¼ non-occlusive
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4.4. Treatment

Treatment starts with prevention, and this is supported by
studies that have examined NOMI occurring after cardiac
surgery. One report analysed 10,409 patients who under-
went cardiac surgery, 30 of whom developed NOMI (0.3%)
to identify intra-operative factors that predicted this
complication.226 The most powerful association was with
Recommendation 36 Class Level of evidence References
In patients suspected of having NOMI, stenoses of the mesenteric
arteries should be identified and treated

I C 41,214

NOMI ¼ non-occlusive mesenteric ischaemia.

Recommendation 37 Class Level of evidence References
Patients with IAP above 12 mmHg should be treated medically to
prevent ACS and NOMI

I B 200,205,219

Recommendation 38
In patients with ACS (defined as an IAP >20 mmHg and newly
developed organ dysfunction or failure), decompression
laparotomy should be performed to prevent NOMI

I B 200,227

IAP ¼ intra-abdominal pressure; ACS ¼ abdominal compartment syndrome; NOMI ¼ non-occlusive mesenteric ischaemia.
intra-operative use of vasopressors, and with the lowest
documented intra-operative mean arterial pressure.
Whether it was the hypotension per se, or its treatment
with vasopressors, or maybe both, that created NOMI is
impossible to conclude from this study.

In a population based study on fatal NOMI from Scandi-
navia the autopsy rate was 87%.41 They reported an impor-
tant finding that in 62 patients identified at autopsywith non-
occluded vessels, 25 (40%) had a significant narrowing of the
SMA that was potentially treatable by stenting. Those with a
stenosis were older and more often had a concomitant ste-
nosis of the CA. This observation has an implication for po-
tential treatment. It has also been shown that patients on RRT
often have calcification of the mesenteric arteries,222 making
them vulnerable to hypotension. As already discussed, this
patient group having a stenosis of one or more of the
mesenteric arteries, and suffering from hypotension and/or
hypovolaemia, could both be labelled NOMI and acute on
chronic mesenteric ischaemia.

If patients have IAH, or have developed an ACS, a pro-
active approach to reduce IAP with medical treatment,
followed by decompression laparotomy when indicated,
may be life saving. This is particularly true if the patient has
Recommendation 39
Patients with life threatening NOMI should be taken to an
operating room with the capacity for open and endovascular
surgery, where angiography, with stenting in the case of a stenosis,
and/or intra-arterial administration of vasodilators and/or
laparotomy for bowel resection can be performed

NOMI ¼ non-occlusive mesenteric ischaemia.
undergone massive resuscitation for shock, heart failure,
sepsis, major haemorrhage, etc, as the burden of IAH/ACS is
added to the hypoperfusion episode that the patient has
already experienced from the underlying condition. In pa-
tients with ACS, decompression laparotomy has been
shown to effectively reduce IAP, and to improve oxygena-
tion and urinary output.227
Of nine patients with NOMI treated with intravenous
high dose prostaglandin E1, only one patient died.228 The
diagnostic criteria this group used were different, however,
and they may have included patients with other conditions.
Traditional therapy consists of intra-arterial administration
of vasodilators, such as papaverine, nitroglycerine, prosta-
glandin E1, or glucagon.216,229 Usually a bolus dose of
papaverine, for example 80 mg, is given intra-arterially
(directly into the SMA) followed by a continuous infusion,
for example 30e60 mg papaverine/hour, for 24e72 hours.
There are no contemporary or comparative studies evalu-
ating different vasodilators, dosages, or regimens, making it
impossible to issue precise recommendations in this
respect.

Because of the loss of mucosal integrity, most authors
suggest antibiotic treatment and animal experiments sup-
port that regimen, and other authors suggest anti-
coagulation, on similar grounds. No controlled studies exist
comparing different pharmacological agents. It must be
recognised that there is a risk of sudden death because of
generalised hypotension when vasodilators are adminis-
tered into the mesenteric circulation, but there is often no
other option to save the patient’s life.
Class Level of evidence References
I C 216,229
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5. VENOUS MESENTERIC ISCHAEMIA

5.1. Introduction

Venous disorders are unusual causes of mesenteric
ischaemia that can occur with obstruction of the superior
and inferior mesenteric veins, the splenic (SV) and portal
veins (PV). Recovery following resection of infarcted intes-
tine secondary to mesenteric vein occlusion was first re-
ported by Elliot in 1895,230 and was then recognised as an
entity distinct from mesenteric arterial occlusion by Warren
and Eberhard in 1935.231

In most cases the venous occlusion creating mesenteric
ischaemia is secondary to MVT. The common definition of
MVT has been referred to as a single entity as the throm-
bosis within the SMV with or without extension into the PV
or SV.225 The concomitant involvement of more than one
venous segment is frequent, the most common veins
involved being the portal and superior mesenteric, followed
by the splenic and inferior mesenteric veins.232e235 These
will be the focus of these current Guidelines to provide
clinicians with approaches to diagnose and manage the
disorders for which there are sufficient data to make rec-
ommendations. Budd-Chiari Syndrome with or without
liver cirrhosis, isolated PV thrombosis, isolated outflow
obstruction caused by hepatic veno-occlusive (sinusoidal
obstruction) disease, or hepatic disorders associated with
congestive heart failure or chemotherapy are not included
in these Guidelines.

5.2. Diagnosis

Diagnosis of mesenteric ischaemia from venous diseases
requires risk factor investigation, clinical assessment, lab-
oratory testing, and imaging. The management of the pa-
tient with a truly asymptomatic MVT, where the finding is
incidental, is not covered by these Guidelines, and the
reader is referred to Guidelines on management of venous
thrombosis.

5.3. Risk factors

“Mesenteric vein thrombosis” or “portal vein thrombosis”
rather than “obstruction” is the term generally adopted. It
should be noted, however, that as for any thromboembolic
venous disease, there are three possible causes for the
condition: pro-thrombotic states, local vessel wall injury,
and venous stasis (also known as Virchow’s triad).

Most obstructions in mesenteric veins can be considered
as “secondary”,6,14,225,234e236 because of the presence of
one or more predisposing conditions, either local or sys-
temic, favouring venous obstruction as shown in Table 4. A
thorough investigation can actually identify one or more
systemic pro-thrombotic factors in approximately 60e70%
of patients with MVT, and further local triggering factors in
as many as 30e40% of cases.232,234,237 On the other hand,
currently available investigations fail to identify a causal
factor in about 20% of patients.232,236 This may suggest the
existence of other, still unidentified, pro-thrombotic risk
factors.When the underlying aetiology cannot be identified,
MVT is labelled “primary” or “idiopathic”. Although
spontaneous, idiopathic thrombosis of the mesenteric
veins, not associated with any other disease or aetiological
factor, may account for 21e49% of the cases, the rates
depend on how well those factors were investi-
gated.6,13,14,232,235e238

Vein obstruction may originate in the peripheral or in the
major central mesenteric veins. The latter is usually asso-
ciated with PVT, whereas the former is more likely to pre-
sent as isolated MVT.12,236

Reports on the risk factors associated with mesenteric
vein ischaemia were mostly anecdotal until recently, when
an autopsy series and a population based study were
published.239,240 The autopsy series showed the presence of
abdominal cancer in 22% of cases and liver cirrhosis in
17%.239 The population based study showed thrombophilia
markers in 67%, a local factor (surgery or inflammation) in
25%, cancer in 24%, and use of oral contraceptives in 6% of
patients with evidence of intestinal infarction.240 Of note,
these percentages relate to the worst category of patients
with venous mesenteric ischaemia (i.e. showing transmural
intestinal gangrene). Imaging studies (CTA) in the Swiss In-
flammatory Bowel Disease Cohort Study showed a high
prevalence (26.8%) of MVT among patients with inflam-
matory bowel disease.241 The relative incidence of risk
factors vary according to the location of the thrombosis,
that is whether the mesenteric, portal, and/or hepatic veins
are involved.234

Among all risk factors, pro-thrombotic conditions are
the most common causes in patients with isolated
mesenteric venous obstruction. Specifically, malignancies
including myeloproliferative neoplasms are the main form
of pro-thrombotic disorders associated with venous
mesenteric obstruction.13,14,233,234,236 In contrast, local
causes may be more frequently associated with combined
mesenteric and portal venous obstruction. Malignant tu-
mours within the portal venous territory and cirrhosis are
the leading local risk factors.12,236 In isolated SV throm-
bosis, pancreatic cancer and acute pancreatitis are the
most common risk factors (30e40%) followed by
splenectomy.234

This malignancy associated pro-thrombotic state may
play a role in venous thrombosis developing in patients with
malignant abdominal tumours in the absence of compres-
sion or invasion. Likewise, systemic inflammatory response
is a major general risk factor for thrombosis. It is difficult to
determine whether inflammation is a cause or consequence
of MVT, however.

Inherited or acquired pro-thrombotic conditions have
been found in many patients with MVT, whether or not a
local risk factor was identified. Inherited thrombophilia
has been identified in 36e55%234,238,239 of patients with
MVT. Although Factor V Leiden mutation is a genetic
defect, peripheral venous thrombotic manifestations are
often delayed until adulthood. In a study from Scandi-
navia, the prevalence of Factor V Leiden mutation (acti-
vated protein C resistance) in patients with MVT was
45%,225 higher than the prevalence of 7% in the back-
ground population.242



Table 4. Risk factors in mesenteric and portal vein ischaemia in adults.

Risk factors Notesa

Local factors causing wall injury Cancer, any abdominal organ:
pancreatic (hepatic vein, portal vein)
hepatic (portal vein)
colonic (superior mesenteric vein)

Prevalence 13e24%

Abdominal Inflammatory focal lesions:

- Pancreatitis
- Inflammatory bowel disease
- Appendicitis/peritonitis

Prevalence 7e34%
Often in the settings of pre-existent
thrombophilia

Post-surgical trauma:

- splenectomy, injury of portal vein,
cholecystectomy, gastrectomy, surgical
portosystemic shunt, transjugular
intrahepatic portosystemic shunting,
liver transplantation

Prevalence 3e45%
Often in the settings of pre-existent
thrombophilia

Abdominal trauma (blunt and penetrating) Prevalence 1e3%
Venous stasis Portal hypertension

Congestive heart failure
Cirrhosis of the liver
Increased abdominal pressure; abdominal
compartment syndrome
Hypersplenism
Obesity
Pregnancy

Preserved liver function with
precipitating factors. Or
advanced disease in the absence of
evident precipitating factors

Acquired thrombophilia Haematological conditions:
Polycythaemia
Myelofibrosis
Thrombocythaemia

Prevalence in myeloproliferative
neoplasms: 17e53%

JAK2 gene sequence variation Prevalence 27e100%
Antiphospholipid antibodies Prevalence 1e11%
Paroxysmal nocturnal
haemoglobinuria (PNH)

Prevalence 0e9%. Often in Budd-Chiari
syndrome

Acquired thrombophilia Non-haematological conditions:
Any malignancy related
Oral contraceptive Prevalence 0e4%
Post-pregnancy Prevalence 2e44%
Hyperhomocysteinemia Prevalence 9e19%
Others: Nephrotic syndrome,
Cytomegalovirus infection

Inherited thrombophilia Prothrombin gene mutation G20210A Prevalence 2e22%
Factor V Leiden Prevalence 3e45%
Protein C deficiency Prevalence 1e9%
Protein S deficiency Prevalence 0e7%
Antithrombin deficiency Prevalence 1e4%
Increased Factor VIII Inherited or acquired

a According to multiple reviews.232,233,237,239
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MVT is a common first clinical manifestation of patients
with newly diagnosed myeloproliferative disorders such as
polycythemia vera or essential thrombocytosis, and often
occurs before a rise in peripheral blood counts. The JAK2
mutation is diagnostic of myeloproliferative disorders, and
appears to be important in the development of MVT, and
was found in 21e37% of patients with MVT.232,237,243e246

A meta-analysis reported a prevalence of JAK2 mutation
of 33% (95% CI 26e36%) in patients with diagnosed MVT,
compared with a prevalence of about 1% in patients with
venous thromboembolism in other sites, and found a
strong association between JAK2 mutation and the
development of MVT (OR 54; 95% CI 13e222). Moreover,
52% (95% CI 38e67%) of patients with MVT and JAK2
mutation were diagnosed with an unknown myeloprolif-
erative disease during the follow-up period, and thereby
the MVT was the first finding of the underlying predis-
posing condition.246 These results may suggest it is
important to screen for JAK2 V617F mutation in patients
with MVT without evidence of other major systemic or
local risk factors.

In many patients more than one factor shown in Table 4
may account for the MVT. Identification of a local risk factor
does not exclude the possibility of systemic risk factors.247,248
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5.4. Laboratory testing

Laboratory investigation includes a full blood count, differ-
ential white cell count, and a peripheral blood smear. Other
laboratory testing is usually not helpful in the diagnosis of
either venous ischaemia or other types of mesenteric
ischaemia. Serum lactate levels often are not associated with
intestinal infarction initially; and by the time lactic acidosis is
present it is late in the course of the illness and, at that point
the mortality rate is already 75%. Leukocytosis and haemo-
concentration are common findings,236 but there are no
specific plasma biomarkers of MVT. An elevated D-dimer level
may be a sensitive but nonspecific serum marker.239

Cohort studies identified a high prevalence of pro-
thrombotic factors in patients with MVT including Factor
V Leiden and pro-thrombin G20210A gene mutation over-
representation,243,249,250 or deficiencies of antithrombin,
protein C, or protein S. The key question is whether these
findings influence recurrence rates and/or treatment. It is
unclear to what extent these factors have implications for
treatment and duration of therapy after mesenteric
ischaemia. With this high rate of pro-thrombotic factors
present in patients with MVT, however, many experts tend
to offer patients with identified risk factors lifelong antith-
rombotic treatment, despite the lack of an evidence base
for such treatment. Consequently, routine screening of ge-
netic and pro-thrombotic factors in patients with MVT may
be considered.

Patients with recurrent venous and/or arterial throm-
bosis or those with recurrent foetal loss may be considered
for testing for the antiphospholipid antibody syndrome
(APLAS) including lupus anticoagulants, anticardiolipin an-
tibodies, B2glycoprotein, deficiencies of antithrombin, pro-
tein C, and protein S.251 If there is no local cause for the
venous thrombosis (e.g. cirrhosis, inflammation, cancer) a
myeloproliferative neoplasm should be considered.
Recommendation 40 Class Level of evidence References
In patients with MVT, investigations for abdominal cancer,
inflammatory disease, and myeloproliferative neoplasms should
be performed

I B 233,234,237,246

Recommendation 41
In patients with MVT, investigations for concurrent risk factors
for thrombosis should be considered

IIa B 6,233,234,237,251

Recommendation 42
In patients with recurrent MVT and/or recurrent foetal loss,
investigation for APLAS should be considered

IIa C 233,234,243,249,251

Recommendation 43
In patients with MVT, genetic assessment of thrombophilia may
be considered

IIb C 251

MVT ¼ mesenteric venous thrombosis; APLAS ¼ antiphospholipid antibody syndrome.
5.5. Clinical manifestations

From a clinical point of view, MVT may appear in two
different entities: acute and chronic. These represent suc-
cessive stages of the same disease and share similar causes
but differ with respect to their management. Patients with
acute onset of symptoms within 4 weeks of presentation
are classified as having acute venous mesenteric ischaemia.
The mean duration of symptoms is often reported to vary
from 6 to 14 days, and a 2-week period may be considered
an alternative acute time frame.13 Chronic MVT is used for
patients with symptoms lasting longer than 4 weeks, but
without bowel infarction, or those without a recent onset of
abdominal complaints where MVT was an incidental finding
on abdominal imaging. There is no consensus on how to
distinguish acute from chronic MVT, but the 4 week crite-
rion is the suggestion of the GWC.

Acute presentation accounts for <20e74% of cases,
depending on the vein segment involved, and is more
common if thrombosis involves the mesenteric veins.234,239

Generally speaking, however, even patients with acute MVT
tend to present with a more protracted time course
compared with those with AMI. After an acute onset,
symptoms persist for 2e3 days in more than 75% of the
cases before the diagnosis is made, and diffuse abdominal
pain may have been present for days or weeks.12

SMV involvement, in contrast to isolated PVT, is associ-
ated with symptoms in the overwhelming majority (92%) of
cases and often results in bowel gangrene (33e45%) if left
untreated.14,233,247e250 Abdominal pain, anorexia, and
diarrhoea are the most common presenting symptoms.
Unspecific abdominal pain is often present in the early
stage of the disease, whereas localised abdominal tender-
ness develops later. Melaena, haematemesis, or haema-
tochezia occur in only about 15%, but occult blood may be
present in 50% of the cases.12 Fever and peritoneal signs
are suggestive of progression of ischaemia to bowel
infarction, and hypotension with a systolic blood pressure of
less than 90 mmHg along with ascites formation are asso-
ciated with a poor prognosis.236 A high, spiking fever with
chills, a painful liver, and sometimes shock are clinical fea-
tures of pylephlebitis, which is the name for an infectious
thrombophlebitis of the PV and its branches.252 Multiple,
small liver abscesses are common in this setting. Blood
cultures may demonstrate a growth of Bacteroides, with or
without other enteric species.232 Acute septic MVT is always



Table 5. Diagnostic differentiation of venous versus other types of mesenteric ischaemia.a

Venous Arterial occlusion Non-occlusive
Ischaemia Obstruction of the mesenteric/

portal venous vein
Occlusion of the coeliac,
superior mesenteric, and/or
inferior mesenteric artery,
or their branches by an
embolus or thrombus

Reduction in cardiac
output with reactive
mesenteric vessel
spasm reaction

Demographics <50y
women¼men

<80y
women>men

<80y

Risk factors - Virchow’s triad (flow,
vessel wall and blood)
predisposing to venous
thrombosis.

- Systemic malignancies with
thrombophilia

- Para-neoplastic phenomenon
- Inherited thrombophilia
(Factor Leiden, protein S or
AT deficiency

- Pancreatic or hepatocellular
cancer

- History of DVT
- Activated protein C resistance
- Liver cirrhosis/portal
hypertension

- Cardiac arrhythmia
particularly atrial
fibrillation

- Valvular heart disease
- Coronary heart disease
- Peripheral artery disease
- History of stroke

- Congestive heart
failure and
cardiomyopathy

- Low cardiac output
- Following prolonged
heart surgery with
extracorporeal circulation

- Long-term haemodialysis

Typical clinical
presentation

- Chronic/subacute
presentation depending on
the involved vein

- Insidious onset with less
severe abdominal symptoms

- Depending on the extension
and severity of venous
thrombosis

- Nonspecific abdominal
complaints, for days

- Acute presentation
- Sudden onset of
abdominal pain

- Discrepancy between severe
pain and objective findings

- Pain-free interval
- Late abdominal distension
and clinical deterioration

- Increasing abdominal
pain in conscious
patients

- Abdominal distension
- Signs of sepsis

CTA Diagnostic in >90% AMI: Diagnostic in >90%
CMI: Insufficient for diagnosis

Not diagnostic

Angiography Diagnostic in 50e60% Diagnostic Diagnostic
Bowel infarction Gradual ischaemia to normal

transition
Abrupt ischaemia to
normal transition

The entire bowel is partly
ischaemic (patchy appearance)

Need for surgery Rare if anticoagulation
started immediately

More likely More likely

a Modified from Hamoud 2014.236
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associated with an abdominal focus of infection but the
primary focus can easily be overlooked and, therefore, is
detected only by careful review of the imaging.247,248

The risk of developing persistent occlusion and chronic
MVT seems to depend on thrombus localisation. In one
study thrombosis in smaller peripheral vessels had a higher
risk than thrombosis in larger, more proximal vessels.239

Chronic MVT may also manifest as “portal cavernoma”
where the obstructed PV is replaced by a network of
collateral veins. Complete occlusion of the PV, or of its
two main branches, is virtually always associated with
portal hypertension and the development of portosyste-
mic collaterals. Classical presentation of cavernoma with
ruptured oesophageal/gastric varices or biliary symptoms
related to portal cholangiopathy (jaundice, cholangitis,
cholecystitis, or pancreatitis) is rare. The diagnosis is
commonly made after a fortuitous finding of hyper-
splenism or portal hypertension. When MVT patients
develop gastrointestinal bleeding the outcome is better
than with other causes of portal hypertension, probably
because the patients are usually younger and have normal
liver function.232

5.6. Differential diagnosis

Although there are subtle differences between arterial and
venous mesenteric ischaemia, it is possible to differentiate
the two conditions clinically when these present acutely as
summarised in Table 5.

Acute and particularly chronic venous mesenteric
obstruction is a difficult diagnosis among patients present-
ing with acute or subacute abdominal pain. Awareness of
the disease, a careful risk factor evaluation, and positive



Figure 6. Flow diagram of suggested management of MVT. This flow diagram was developed by the GWC. CTA ¼ computed tomography
angiography; TIPS ¼ transjugular intrahepatic portosystemic shunt; MVT ¼ mesenteric venous thrombosis.
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findings at physical examination should lead the clinician
through the following care pathway (Fig. 6).
Recommendation 44 Class Level of evidence References
In patients with MVT and fever, septic portal vein thrombosis
should be considered, whether or not an abdominal source of
infection is identified

IIa C 232,247,252

Recommendation 45
In patients with newly diagnosed portal hypertension MVT is one
of the diagnoses considered

I C 232

MVT ¼ mesenteric venous thrombosis.
5.7. Imaging

In patients with otherwise unexplained, serious, and/or
longstanding bowel complaints, a three phase CTA with
1 mm maximum slice thickness is indicated. CTA of the
abdomen, with intravenous contrast injection and imaging
in the portal venous phase, is the most important and ac-
curate diagnostic tool and the imaging investigation of
choice.60,253e255 If immediately available, contrast
enhanced MRA also has been considered as an alternative
primary diagnostic modality for patients with a high clinical
suspicion of mesenteric ischaemia.253 CTA often demon-
strates extensive thrombosis of the porto-mesenteric sys-
tem, with extension of thrombosis to at least the extra-
hepatic PV and SV, and additional, more subtle, intestinal
findings (Fig. 7).

A CT scan without contrast can show hyper-attenuating
material in the PV. After injection of a contrast agent, the
diagnostic vascular findings are lack of luminal enhancement,
increased hepatic enhancement in the arterial phase, and
decreased hepatic enhancement in the portal phase. The
assessment of “non-vascular findings” includes intestinal signs



Figure 7. A patient with MVT and bowel ischaemia. CTA of the abdomen showing extensive thrombosis of the superior mesenteric, splenic,
extra- and intra-hepatic portal venous system (on the left). Partial recanalisation (extra-hepatic portal vein and a few branches of the
superior mesenteric vein) using an endovascular procedure (on the right).

492 M. Björck et al.
such as bowel wall thickening, bowel dilatation, mesenteric fat
stranding, pneumatosis intestinalis, and portal venous gas.
Overall, combining the vascular findings and the appearance of
the bowel wall results in a specificity of 90e94% with a
sensitivity of 96% for the diagnosis of venous mesenteric
obstruction.60,253,255 Given its availability, speed, and diag-
nostic accuracy, CTA is the gold standard for diagnosis of acute
MVT.

The protocol for acute CTA of the abdomen varies with the
clinical history provided by the referring physician. Differen-
tiation between arterial and venous mesenteric ischaemia
may be difficult on clinical grounds, in which case a combined
arterial and porto-venous scan should be considered. For
assessment of the venous mesenteric circulation, CTA tech-
niques with protocols optimised to assess porto-mesenteric
thrombosis, venous circulation, and intestinal ischaemia
should be applied. In detail, CTA data acquisition should be
performed at a peak venous enhancement, with the delay
between the start of injection and the beginning of the image
acquisition tailored for this purpose and with 1 mm slices.
Usually a 55e70 s delay following administration of 125e
150 mL of intravenous contrast at a rate of 3.5e5 mL/s
through a peripheral vein is used. Imaging is completed with
reconstruction in coronal and sagittal planes and maximum
intensity projection three dimensional reformatting, which
provide an entire view of the thrombosed vein in the single
image. Furthermore, unenhanced data acquisition before the
Recommendation 46
In patients suspected of having MVT, CTA with imaging in the
arterial and portal phases should be performed
Recommendation 47
In patients with MVT, it is recommended that the possibility of
intestinal infarction is ruled out until resolution of pain

MVT ¼ mesenteric venous thrombosis; CTA ¼ computed tomography
portal phase may be useful in detecting mural haemor-
rhage.253,255 Thrombus appears as a well-demarcated
persistent, partial or complete intraluminal filling defect
that may be surrounded by a rim enhancing venous wall.256

Thrombosis shown on an unenhanced CTA has a low den-
sity during the very acute period (within 1 week of the onset
of the disease), a high density during the following 1e3
weeks, and a low density again during the entire chronic (>3
weeks) period. Enlargement of the affected veins may be
seen: marked venous enlargement is a useful sign to indicate
acute thrombosis because in the chronic stages there is a
trend towards a reduced vein calibre.

In the presence of chronic MVT, especially when ascites
or other signs of portal hypertension are manifest, DUS can
show hyperechoic material in the vessel lumen with
distension of the PV and its tributaries, and may be the first
choice for investigation of the porto-mesenteric veins. DUS
can thereby provide real-time flow information of the
visceral vessels and also bowel wall thickening and free
intraperitoneal fluid. The peripheral circulation may not be
accurately visualised, however, and mesenteric veins are
more difficult to examine with ultrasound because of a poor
acoustic window associated with overlying bowel gas.
Confirmatory CTA may, therefore, become necessary for full
assessment of vascular and intestinal pathology.

Laparotomy is necessary in some patients, especially
those with peritonitis, to assess bowel viability.
Class Level of evidence References
I B 253,255

I C 232,253

angiography.
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5.8. Treatment

The main goal of treatment of MVT is recanalisation, or at
least halting the thrombotic process, to prevent intestinal
infarction, portal hypertension, and recurrence of throm-
bosis. In most patients, anticoagulation is sufficient to tip
the balance between coagulation and fibrinolysis. In chronic
MVT additional goals are the prevention and treatment of
gastrointestinal bleeding and portal cholangiopathy.

The management of MVT has changed over recent de-
cades; there is no agreement on the optimal treatment
strategy, because of the rarity of the condition and the
absence of RCTs. In hospital, mortality among patients with
MVT is lower, around 12e20%, when compared with the
other causes of AMI.234,238,239,257,258 Patients should receive
specific medical therapy, endovascular treatment, open
surgery, critical care, and nutritional support, as appro-
Recommendation 48 Class Level of evidence References
In patients with acute MVT without peritonitis, anticoagulation
with heparin is indicated as first line therapy

I C 248,262

MVT ¼ mesenteric venous thrombosis.
priate. In one study it was suggested that aggressive
endovascular treatment, and liberal use of open surgery in
patients suspected of bowel infarction, in a multidisciplinary
team including gastroenterologists, gastrointestinal and
vascular surgeons, interventional radiologists, and coagula-
tion specialists could improve the outcome (mortality 12%,
recanalisation >90%).258 There is general agreement that
the main treatment of mesenteric venous ischaemia should
be conservative using anticoagulation and supportive
treatment.

5.8.1. Supportive treatment. Pain control, fluid and elec-
trolyte replacement, and bowel rest should be initiated
immediately after diagnosis. Nasogastric aspiration is used in
the case of ileus, abdominal distension, and intractable
nausea and vomiting. Supportive treatment also includes
nutritional support and replacement of fluid and electrolytes
and blood transfusion for patients presenting with bleeding.
The use of antibiotics has not been shown to be associated
with improvement in mortality or hospital stay, but if the
patient has perforation, sepsis secondary to bacterial trans-
location, pylephlebitis or septic thrombophlebitis appropriate
antibiotics should be initiated.259

5.8.2. Anticoagulation. The mainstay for treatment of MVT
is anticoagulation. In the absence of major contraindica-
tions, anticoagulant therapy is recommended for all pa-
tients with acute symptomatic mesenteric venous
thrombosis. Systemic anticoagulation should be initiated
soon after the diagnosis is made by using unfractionated
heparin or low molecular weight heparin (LMWH) followed
by VKA or NOACs to reduce the risk of thrombus propa-
gation, recurrence, and overall mortality.260,261 In the early
phase unfractionated heparin has the advantage of being
reversible with protamine if laparotomy for bowel
gangrene or bleeding becomes necessary. It has been
shown that anticoagulation started in the early stages re-
sults in recanalisation in >80% of patients and complete
recanalisation is associated with less extensive
disease.248,261

The size and extent of venous thrombosis largely affect
the outcome, clinical presentation, and probability of bowel
infarction. Bowel infarction mostly requires involvement of
the venous arcades and vasa recta, which in turn causes
complete venous occlusion. Arterial vasospasm and
thrombosis also can be a major contributing factor leading
to propagation of the ischaemia and bowel infarction.
Extensive thrombosis and ascites are predictive factors of
poor recanalisation on anticoagulants,237 and patients with
these features at diagnosis could be treated with other,
more aggressive therapies.
5.8.3. Endovascular options. Most patients are treated
successfully with medical treatment only, but a small pro-
portion (5%) of patients deteriorate during medical treat-
ment, and in this situation recent clinical practice in some
centres has been to initiate endovascular treatment.239

Patients with persisting symptoms, worsening abdominal
pain after initiation of anticoagulation, or development of
signs of peritonitis, and who are poor surgical candidates
may be considered for endovascular treatment. Recently
developed endovascular procedures for the treatment of
MVT include TIPS263e265 with mechanical aspiration
thrombectomy, direct thrombolysis,266 or thrombolysis fol-
lowed by angioplasty,258 percutaneous transhepatic me-
chanical thrombectomy,267 percutaneous transhepatic
thrombolysis,268,269 and thrombolysis via the SMA.270 Rapid
thrombus removal or dissolution can be achieved through
these techniques (Fig. 6); however, all published data on
endovascular treatments for MVT are from case reports and
small case series.

TIPS has been used for MVT with the rationale of creating
a low pressure system which works as a vacuum of clot
fragments and improves the effectiveness of thrombolysis
in the case of acute thrombosis. The use of TIPS was
associated with immediate symptomatic improvement and
successful recanalisation in 83% of patients treated in an
acute stage.263 A retrospective study on 20 patients with
chronic PVT suggested a high success rate in cases of non-
cavernous disease and was effective in prevention of vari-
ceal bleeding and recurrent ascites.264 However, another
prospective analysis of nine patients with TIPS reported a
complication rate of up to 22% with an 11% mortality.265

Pulmonary embolism was also a concern.
Catheter directed thrombolysis can be administered by

different approaches. The indirect SMA approach (with a
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catheter in the SMA) is possible with a lower dose of the
thrombolytic agent.258 With a direct venous approach an
even lower dose can be used, reducing the bleeding risk,
and improving clot lysis, compared with the SMA approach.
Although technically challenging, both transjugular intra-
hepatic and percutaneous transhepatic approaches provide
relatively rapid resolution of thrombus by direct access to
mesenteric veins.258 Endovascular techniques have been
successfully reported with respect to favourable survival
and patency of the porto-mesenteric veins, low rates of
portal hypertension and complications, and prevention of
bowel resection in selected patients.269 In contrast, in a
study of 16 MVT patients treated with local thrombolysis,
clearance of thrombus was often only partially achieved,
and treatment was associated with significant bleeding
complications in 60% of patients who often required blood
transfusion.270 In patients with a high risk of bleeding, when
thrombolysis is contraindicated, endovascular thrombec-
tomy rapidly removes thrombus and shortens the duration
of thrombolytic infusion. A potential drawback of throm-
bectomy and angioplasty is intimal trauma promoting re-
thrombosis.

At present, there is no evidence regarding thrombolysis or
other endovascular therapies for acute MVT to support any
recommendations. Treatment has only been described in
several single centre case studies. Studies are needed to
assess whether thesemore invasive treatments are indicated
when anticoagulation fails in patients with extensive
thrombosis of the mesenteric and/or portal venous systems.

5.8.4. Open surgery. Patients with persisting or worsening
symptoms and those with frank perforation or signs of
peritonitis require open surgical intervention.

The aim of the surgery is to remove irreversibly ischaemic
bowel and conserve as much bowel as possible. There are
two difficulties in the surgical management of patients with
an acute stage of venous mesenteric ischaemia: choosing
when to perform a laparotomy and deciding when a
segment bowel is irreversibly damaged. The decision to
perform prompt surgical exploration and not await the ef-
fects of anticoagulation or endovascular treatment is mostly
based on the presence of signs of peritoneal irritation at
presentation. These signs may not correlate with the
severity of bowel ischaemia, however. Repeated physical
examination of the abdomen, laboratory testing (C-reactive
protein, leukocyte count, and lactate levels), and/or
repeated CTA examinations are the basis of clinical decision
making.257

Surgical resection of the necrotic bowel and anastomosis
is the standard procedure. The distinction between irre-
versibly ischaemic and viable bowel is often more difficult
than in arterial mesenteric ischaemia. Although bowel
viability can be assessed by various intra-operative
methods (DUS, studies with fluorescein, etc), none of
these techniques has proven to be superior to clinical
judgement. The finding of atonic bowel with serosal bluish
discolouration indicates irreversible damage and requires
resection. Liberal second- and third-look laparotomies may
be needed to define the viability of the ischaemic bowel.
Furthermore, anastomosis is often difficult because of
oedema, and is therefore preferably postponed until a later
laparotomy.

A damage control approach to mesenteric ischaemia im-
plies immediate laparotomy with eventual resection of
infarcted bowel, no attempt to restore gastrointestinal
continuity, performing a skin only closure rather than
attempting abdominal fascia closure, and returning the pa-
tient to the ICU to be stabilised prior to a planned subse-
quent procedure with second look laparotomy.258,271 Leaving
the abdomen open is an attractive alternative, as second
look laparotomy is imperative, and intra-abdominal hyper-
tension is avoided. There are different safety issues involved:
open abdomen treatment is safe in experienced hands, but
may otherwise pose a threat to the exposed intestines.
Closing the abdomen may be safe if intra-abdominal pres-
sure is monitored, otherwise further ischaemic injury to the
bowel may occur (please see Chapter 4). The recommen-
dations in Chapter 2, regarding bowel resection, antibiotic
treatment, and second look laparotomy, are valid also for
venous ischaemia (Recommendations 7e9).

5.9. Follow-up

After the acute phase of MVT, anticoagulation should be
maintained to prevent progression and recurrence of
thrombosis. Oral anticoagulation (VKA or NOAC) can be
started after the acute phase of venous mesenteric
ischaemia, usually after 2e3 weeks when the phase of
acute ischaemic injury has passed. Although no specific
trials have been performed of NOAC treatment after MVT,
there is no reason to believe that these agents would not be
as effective as VKA.

Anticoagulation should be given for at least 3e6 months,
or indefinitely if underlying persistent pro-thrombotic fac-
tors are identified. The optimal duration of anticoagulant
treatment after the acute phase of mesenteric vein
ischaemia is a matter for debate, mainly because of the
paucity of data, and even conflicting results. In a large
cohort of 832 patients with MVT with only a minority of
patients receiving secondary prophylaxis with anticoagu-
lants, the incidence of recurrent venous thrombosis after a
mean follow-up of 27 months was only 3.5/100 patient
years. Only half of the recurrent events involved the
mesenteric veins, while the other half involved limb veins or
the pulmonary arteries.234

Other studies showed a higher risk of recurrence without
anticoagulation, however.261,262,272 Combined data from
four retrospective surveys showed that when initiated
immediately, 6 months of anticoagulation therapy in pa-
tients with MVT was associated with complete recanalisa-
tion in 50%, partial recanalisation in 40%, and no
recanalisation in 10%.248 In an historical cohort of patients
with MVT, of whom nearly two thirds were treated with
anticoagulant drugs, the incidence rate of thrombotic
events was 5.5/100 patient years and the absence of anti-
coagulant therapy was an independent predictor of
thrombosis.261 In another multicentre, retrospective cohort



ESVS Guidelines Diseases of Mesenteric Arteries and Veins 495
study on patients with MVT receiving secondary prevention
with VKA, the overall recurrence rate was 2.34/100 patient
years and increased to 4.59/100 patient years after
discontinuation of treatment. The incidence of haemor-
rhagic complications was low, with only 2.6% of patients
experiencing a major bleeding event.262

The risk of recurrencemay differ depending on the involved
vein and the cause of the mesenteric ischaemia.234,272 A Eu-
ropeanmulticentre studywhich assessed the outcome ofearly
anticoagulation after acute MVT showed that anticoagulant
treatment successfully prevented thrombus extension, and
was associated with a favourable 1 year recanalisation rate
that was 38% for the PV, 54% for the SV, and 61% for the
SMV.272 In a multicentre prospective registry of 604 patients
withMVT, anticoagulationwas administered to 465 patients in
the entire cohort (77%) with a mean duration of 13.9 months
using either parenteral or VKA. Two year data showed that
during anticoagulant treatment and after treatment discon-
tinuation, the incidence of thrombotic events was 5.6 per 100
patient years (3.9e8.0) and 10.5 per 100 patient years (6.8e
16.3), respectively. The major bleeding rate was 3.9 per 100
patient years (2.6e6.0) and 1.0 per 100 patient years (0.3e
4.2), respectively. The highest rates of both thrombotic events
and major bleeding during the whole study period were
observed in patients with cirrhosis (11.3 per 100 patient years
and 10.0 per 100 patient years, respectively); the lowest rates
were in patients with MVT secondary to transient risk fac-
tors.273 In a large cohort study patients with thrombosis of the
SV showed the highest recurrence free survival at 10 years
(97%) and those with MVT the lowest (60%).234

When evaluating the risk and benefit of anticoagulant
therapy, bleeding is a major concern in patients with MVT. In
Recommendation 49 Class Level of evidence References
In MVT patients with reversible causes (e.g. trauma, infection, or
pancreatitis), anticoagulation for 3e6 months is recommended

I B 14,251,262,273,274

Recommendation 50
In MVT patients, lifelong anticoagulation is recommended if there
is (i) proven thrombophilia; (ii) recurrent venous thrombosis; (iii)
when progression, or recurrence of thrombosis would have severe
clinical consequences

I B 14,251,262,273,274

MVT ¼ mesenteric venous thrombosis.
the abovementioned cohort, major bleeding rates were 6.9/
100 patient years, most commonly involving the gastrointes-
tinal tract, and were higher than the rate of recurrent venous
thromboembolism. Gastrointestinal varices and warfarin
therapy were independently associated with bleeding in
multivariate analysis.234 In another cohort of patients with
MVT and ischaemia, the incidence of gastrointestinal bleeding
was 12.5/100 patient years.261 In this and other studies, the
presence and size of varices was associated with recurrent
bleeding, independently of anticoagulant therapy.261,272

The use of anticoagulant drugs in chronic MVT, present-
ing with variceal bleeding and hypersplenism but without
signs of recent occlusion, should not be considered.

Secondary prevention with LMWH in the first 3e6
months may be considered as an alternative to VKA or
NOAC in patients with cancer, as well as for patients with
venous thrombosis in the limbs or with pulmonary
embolism.260

Prolonged anticoagulation more than 3 months after
MVT should be considered on an individual basis, after
carefully balancing (i) risk factors for bleeding (e.g. the
presence of varices, a low platelet count, and previous
bleeding episodes); (ii) the risk of recurrence (e.g. persisting
risk factors and previous venous thromboembolism); and
(iii) the consequences of recurrence or progression (exten-
sive bowel involvement and short bowel syndrome).274

Patients with the new risk factors for MVT, such as JAK2
mutation with or without myeloproliferative disorders,
should be considered for indefinite treatment, given the
persistent nature of their risk factors. The advantage of
prolonged anticoagulation should be balanced with the risk
of major bleeding, including recent major haemorrhage,
uncontrolled hypertension, serum creatinine >1.2 mg/dL,
anaemia, or age >75.274

Other studies have suggested that the optimal duration
of anticoagulant treatment should also take into consider-
ation the recanalisation rate of the mesenteric veins, as this
may greatly affect mesenteric venous haemodynamics and,
consequently, the risk of recurrence. DUS at 1 and 3 and 6
months after an endovascular procedure may allow exam-
ination of the portal system and shunting function after
TIPS.275 The value of post-operative CTA for evaluating the
extent of thrombosis and the frequency of thrombus
recanalisation remains unclear. A repeat CTA after 6 months
of anticoagulation therapy may be helpful in determining
the duration of treatment, unless it has already been
decided to give lifelong anticoagulation.
6. MESENTERIC ARTERIAL ANEURYSMS

6.1. Diagnosis

True aneurysms of the mesenteric arteries and its branches
are rare, with an estimated prevalence of 0.1e2%.17e19

These are usually silent but potentially fatal because of
the risk of rupture. Pain may occur at the time of rupture or
suggest impending rupture. Although rarely reported,
thrombosis or embolisation may result in clinical signs of
mesenteric ischaemia or solid organ infarction. Post-
stenotic dilatation also may be observed, commonly as a
consequence of external compression of the CA in MALS.276

In these cases, symptoms of epigastric or postprandial pain
and weight loss may be present. Post-stenotic dilatation
may also be present in other locations.277e279
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The splenic artery (SA) is most commonly affected (60% of
cases), followed by the hepatic artery (HA, 20%), but virtually
all vessels of the mesenteric circulation may be involved.
Concomitant aneurysms are found in up to one third of pa-
tients with visceral artery aneurysms.277,279e282 These
include other visceral arteries (4e44%),20,21,277,281,283e286 the
thoraco-abdominal aorta and iliac arteries (3e
27%),277,279,281,286 and intracranial arteries (3e4%).277,281,286

Abdominal organ transplant recipients may be at increased
risk of aneurysmal degeneration of mesenteric arteries.287

False aneurysms of the mesenteric arteries may result from
acute or chronic local inflammatory or infectious disease,
commonly pancreatitis, or may result from trauma (including
iatrogenic injuries during hepatobiliary procedures).279,288,289

In some cases, no causal relationship can be established.
Recommendation 52 Class Level of evidence References
In patients with true symptomatic aneurysms of the mesenteric
arteries, urgent repair is recommended irrespective of
size or location

I C 17,20,277,279,284,
288,290,293e297

Recommendation 53
In patients with asymptomatic true aneurysms of the mesenteric
arteries, intervention should be considered at a diameter �25 mm

IIa C 297,298

Recommendation 54
In patients with asymptomatic true aneurysms of the mesenteric
arteries with a diameter <25 mm, imaging at 2e3 year intervals
may be considered

IIb C 293,297

Recommendation 51 Class Level of evidence References
In patients with mesenteric aneurysms, CTA is recommended for
diagnosis, anatomical characterisation, and procedural planning

I C 17e21,277,279e286,
289e296

CTA ¼ computed tomography angiography.
Most commonly, aneurysms of the mesenteric arteries are
incidental findings. This may occur when performing
abdominal imaging for other reasons, and may be suspected
after abdominal X-rays or ultrasound. CTA allows for accurate
diagnosis, anatomical characterisation, and interventional
planning, and is generally the preferred imaging method.
MRA may be a reasonable alternative.
6.2. Treatment

Rupture and bleeding are the most relevant clinical man-
ifestations of mesenteric aneurysms. The natural history of
mesenteric aneurysms is not well characterised, however,
and rupture risk cannot be accurately established. It is
Recommendation 55
In patients with true asymptomatic mesenteric aneurysms,
intervention irrespective of size may be considered for the
following subgroups: aneurysms of the pancreaticoduodenal
and gastroduodenal arcade; of the intra-parenchymatous
hepatic arteries; in women of child-bearing age; recipients
of a liver transplant
associated with patient characteristics, as well as with
type, location, and size of the aneurysm. In a large series
of 138 patients with asymptomatic mesenteric aneurysms,
observation was selected as the primary approach.297 In
this cohort, 91% of the aneurysms remained stable,
whereas 6% needed an intervention within 2 years
because of growth. There were no ruptures after a mean
of 3 years follow-up. These authors concluded that true
aneurysms <25mm in diameter could be safely observed
and suggested imaging at 3 year intervals. Similar obser-
vations had been reported previously by investigators who
suggested repair for SA aneurysms >20 mm.298 There are
no prospective comparisons between observation and
intervention for small asymptomatic mesenteric
aneurysms.
Specific patient subgroups may benefit from repair irre-
spective of size. Patients with aneurysms of the pan-
creaticoduodenal and gastroduodenal arcades, as well as of
the HAs have been suggested to have a higher risk of rupture,
requiring prompt treatment.17,299 The prevalence of ruptured
SA aneurysms in pregnant women is extremely low. There are
several case reports of ruptured SA aneurysms during preg-
nancy, however, and some for other visceral artery aneu-
rysms. Importantly, maternal and foetal mortality is high after
rupture (up to 70% and 90%, respectively).286,297e301,303

Intervention should therefore be considered irrespective
of size in women of child-bearing age. Finally, recipients of
an abdominal organ transplant are also more likely to
benefit from treatment at any diameter.287,298,302
Class Level of evidence References
IIb C 17,286,287,298e303



ESVS Guidelines Diseases of Mesenteric Arteries and Veins 497
Once intervention is considered necessary, meticulous
imaging is required to adequately determine the optimal
strategy. Treatment in some cases may be safely performed
by primary occlusion of the affected vessel, both by open or
laparoscopic and endovascular techniques. The selection of
open or endovascular techniques depends on patient and
anatomical characteristics, local expertise, and individual
preference. There are no randomised trials or prospective
studies comparing open and endovascular repairs, and
consequently the level of evidence is low. In contemporary
literature, the proportion of patients managed with endo-
vascular techniques ranges from 0% to 100%, and studies
are very heterogeneous in patient characteristics, presen-
tation, and preferred therapeutic options. Thus, there is no
consensus for optimal management at present.

It is generally accepted that pseudoaneurysms have a
higher rupture risk, and should be treated promptly. In a
series of 48 patients with bleeding aneurysms, 45 (94%)
were pseudoaneurysms.289 Bleeding was a more frequent
indication for intervention in pseudoaneurysms in another
report (63% vs. 18% for true aneurysms).17 Others have also
published similar observations.278,304
Recommendation 56 Class Level of evidence References
In patients with asymptomatic pseudoaneurysms of the mesenteric
arteries, intervention may be considered irrespective of size

IIb C 17,278,289,304
In some cases treatment may be performed by occlusion
of the affected vessel. Preservation or occlusion of the
involved vessel depends on the region of perfusion and
presence of collateral pathways. In most cases arterial oc-
clusion may be performed without consequences; however,
end organ infarction may result in serious and potentially
devastating consequences. Arterial preservation is therefore
desirable whenever feasible. Careful individualised evalua-
tion is necessary to determine the need for arterial patency.
Recommendation 57 Class Level of evidence References
In patients with mesenteric aneurysms, arterial reconstruction
is recommended over occlusion when technically possible, in a
patient who is not a high risk surgical candidate

I C 290,297,298,305

Recommendation 58 Class Level of evidence References
In patients with mesenteric aneurysms who are anatomically
suitable, endovascular repair should be considered because
of lower peri-operative morbidity than open surgery

IIa C 278e280,288e291,
293e297
Despite the low quality of evidence and the high risk
of selection bias of retrospective studies, the following
can be observed across retrospective studies: open,
laparoscopic and endovascular repair305 can be offered
to elective patients at very low mortality rates (0e3%),
but peri-operative morbidity is generally higher with
open repair. This is offset by a small but relevant early
failure rate and late reperfusion risk, with consequent
need for secondary intervention.278e280,284,288e291,293e297

Open repair also has the advantage of excluding the
aneurysm completely with minimal compromise of the
collateral circulation. In cases of rupture the benefit of
endovascular repair may be greater, as open repair for
rupture is often more complex and results in a higher
physiological insult.279,284,289,291

Open or laparoscopic repair may involve resection and
end to end anastomosis, re-implantation, graft interposi-
tion, or simple ligation. In some cases, organ resection may
be necessary. Endovascular repair may be performed by
implantation of a covered stent,292 embolisation with coils
or glue, and arterial stenting, as well as by inflow and
outflow occlusion of the involved vessel. Coil embolisation
is the most commonly used technique, because of its wide
applicability and high success rate.279,288,289 Glue emboli-
sation has also been used successfully but is technically
more challenging and may have a higher chance of distal
embolisation.279,288,289 Flow diverting stents have been
used for complex aneurysms where preservation of side
branches or heavy tortuosity precluded the application of
conventional endovascular techniques, but there are
insufficient data to support this indication.306 Percutaneous
thrombin injection has been performed, but is associated
with high recurrence rates.21,287,289
6.3. Follow-up after treatment

The follow-up after treatment of aneurysms of the
mesenteric arteries is determined by the underlying disease
and chosen therapeutic method.
After open repair, most patients will not require routine
imaging surveillance unless the underlying mechanism (e.g.
pancreatitis) remains. It is generally advisable to confirm
successful aneurysm occlusion or thrombosis after endo-
vascular therapy with early CTA or MRA. MRA may be a
reasonable alternative307 because of image artefacts caused
by metal coils on CTA. Depending on location, DUS also may
be used as an alternative to confirm effective exclusion of



Table 6. Pooled estimates of risk factors in patients with isolated
mesenteric artery dissections supplementary.1e39

Variable Proportion 95% CI
N (%) (%)

Male gender 586/688 (85) 82e88
Hypertension 250/633 (39) 36e43
Smoking 174/456 (38) 33e43
Dyslipidaemia 78/397 (20) 16e24
Diabetes mellitus 32/410 (8) 6e11
Cardiac disease, any 27/357 (8) 5e11
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the aneurysm and its reduction in size. Repeated imaging is
advised for patients with true aneurysms treated by
endovascular repair, because of the risk of late
recurrence.279,284,294e298,304 Imaging at 2 to 3-year intervals
may suffice to detect late failures and allow for timely
secondary procedures, although this is not supported by
data.

Patients with pseudoaneurysms treated effectively with
inflowand outflowembolisation donot require routine follow-
up imaging, as the chance of recurrence is small. When the
underlying cause persists, repeated imaging is recommended
as the chance of recurrence is high. Similarly, pseudoaneur-
ysms treated by percutaneous thrombin injection have a
higher risk of recurrence and repeated imaging is advised.

The GWC could not identify any data in the literature
comparing different medical treatments following surgery
or follow-up regimens, and the following recommendations
are entirely based on expert opinions. (Level C evidence).
Recommendation 59 Class Level of evidence References
In patients with true aneurysms of the mesenteric arteries treated by
endovascular repair, imaging at 3-year intervals may be considered

IIb C 279,284,294e298,304

Recommendation 60
In patients with successfully excluded pseudoaneurysms of the
mesenteric arteries, follow-up may be considered only when the
underlying aetiology persists

IIb C 279,284,294e298,304
7. ISOLATED DISSECTIONS OF THE MESENTERIC ARTERIES

7.1. Introduction

This chapter is on the diagnosis and management of isolated
dissection of the CA or the SMA. Dissections resulting from
extension of a primary aortic dissection represent a different
entity and are not considered here. Isolated mesenteric ar-
tery dissections (IMAD) are rare but are increasingly diag-
nosed because of the widespread availability of high quality
CTA. They can be encountered as an incidental finding on a
CTA in asymptomatic patients, or in the evaluation of patients
admitted with abdominal pain or suspected of having
mesenteric ischaemia. Because of the rarity of the condition
and the absence of case control or randomised trials, all the
evidence in this chapter stems from 39 case series of at least
five patients that were reviewed independently (see
Appendix S1, supplementary material).
7.2. Patient characteristics

Most of the experience with IMAD comes from Asian coun-
tries in the Far East such as China, Korea, and Japan. However,
from a total of 688 cases with isolated mesenteric dissections
(37 series with 572 SMA dissections, 17 series with 125 CA
dissections) identified in the search, 143 (21%) originated
from the USA, 29 from France, 10 from Brazil, and seven from
Israel. These papers did not report the ethnicity of the pa-
tients. The aetiology of IMAD is as yet unknown but seems to
be associated with hypertension (prevalence 39%, 95% CI
36e43%), while the prevalence of diabetes in these patients
is low (8%, 95% CI 6e11%). Affected patients are relatively
young (mean age 55 years) and there is a male preponder-
ance (85%) (Table 6). These data are in line with a review of
596 cases308 and with a review of a Chinese case series of 622
isolated SMA dissections; the mean age of these patients was
55 years and 43% had hypertension and 89% were male.309
7.2.1. Diagnosis. Most symptomatic patients present with
abdominal pain (91%),309 yet 26% of the patients in the
present analysis were asymptomatic. As there are no spe-
cific lab tests, the diagnosis of IMAD is established by CTA.
Two systems have been proposed to classify the extent of
the dissection (Figs. 8 and 9).

The Sakamoto classification describes findings at CTA as
type I (entry and re-entry tear visible, patent false lumen),
type II (only entry tear visible, patent false lumen), type III
(thrombosis of false lumen, and ulcer like projection), and type
IV (occlusion of false lumen without ulcer like projection).310

Yun classifies the dissection of the visceral artery
at CTA as type I (entry and re-entry tear visible, patent false
lumen), type IIa (only entry tear visible, patent false lumen),
type IIb (thrombosis of false lumen, patent true lumen), and
type III (occlusion of true and false lumen).311
7.3. Treatment

Treatment of patients with IMAD is aimed at prevention of
intestinal ischaemia or rupture of the artery. Although most
patients present with acute abdominal pain, the majority can
be treated without an intervention. In the present dataset
75% of the 688 patients (74% were symptomatic) were
managed conservatively with food withdrawal, hydration,
analgesia, blood pressure control, and (unfractionated) hepa-
rin, antiplatelet agents, VKA, or no anticoagulation at all in a
minority. Unfortunately, no recommendation can be given
with regard to optimal medical treatment. Some 134 (20%) of
the patients ultimately underwent an endovascular



Figure 9. The Yun classification.311

Figure 8. The Sakamoto classification.310
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intervention, predominantly consisting of stenting of the
affected CA or SMA, and in 40 patients (6%) open revascular-
isation was necessary. Bowel resection was performed in nine
(1.3%) patients, and in hospital mortality was 0.6%. A 16%
failure rate ofmedical treatment of symptomatic patientswith
SMA dissection and 45% failure rate in patients with a
dissection in both the CA and SMA were reported.308 In the
Chinese population, management of an isolated SMA dissec-
tionwas conservative in 254/402 (63%) patients, endovascular
in 135/402 (34%), and surgical in 13/402 (3%).309

As the clinical presentation and course of patients with an
IMAD is heterogeneous, no strict recommendations for
treatment can be given. Neither the Sakamoto nor the Yun
classification can predict the clinical course.310,311 Patients
with an asymptomatic IMAD do not require immediate
Recommendation 61
In patients with asymptomatic IMAD, conservative treatment
with antiplatelet therapy and control of hypertension should
be considered
Recommendation 62
Patients with symptomatic IMAD should be considered for
treatment with antiplatelet therapy or LMWH or unfractionated
heparin until symptoms resolve
Recommendation 63
Patients with a symptomatic IMAD not responding to medical
management and with a suspicion of bowel ischaemia should
be considered for endovascular revascularisation

IMAD ¼ Isolated mesenteric artery dissection; LMWH ¼ low-molecula
intervention and can be treated medically with antiplatelet
therapy and control of hypertension. Patients with symp-
tomatic IMAD can initially be managed medically. It seems
appropriate to administer antiplatelet therapy or unfractio-
nated heparin to prevent thrombosis of the affected artery.
Close clinical observation is necessary and when there is a
suspicion of bowel ischaemia, endovascular intervention will
be the treatment of choice. Anatomical considerations
define the endovascular strategy, which will most often
consist of stenting. Unfortunately, there are no robust data
on the long-term patency of endovascular interventions for
this indication. If endovascular treatment fails, surgical
bypass is the next step, although other procedures such as
intimectomy, thrombectomy, or patch angioplasty also can
be performed, depending on the local anatomical situation.
Class Level of evidence References
IIa C 308,309

IIa C 308,309

IIa C 308,309

r weight heparin.
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7.4. Follow-up

Given the weakening of the dissected arterial wall, one
might expect aneurysmal degeneration in the years
following an IMAD. CTA, DUS, or MRA (depending on local
expertise) are suitable modalities for surveillance after
discharge. Patients with favourable remodelling and un-
changed anatomy over time may be discharged from a
surveillance programme. Unfortunately, there are no
studies with systematic and sufficiently long follow-up to
determine the natural course after IMAD. Among the 35
studies that reported mid-term follow-up (median time of
21 months), only seven endovascular and five open re-
interventions were reported in a total of 637 patients,
indicating that the need for intervention is uncommon.
Recommendation 64 Class Level of evidence References
Follow-up with imaging should be considered after IMAD to detect
aneurysm formation, occlusion, or stenosis

IIa C 308,309

IMAD ¼ isolated mesenteric artery dissections.
8. FUTURE RESEARCH

Developing the current Guidelines for the diagnosis and
treatment of diseases of the mesenteric arteries and veins
has demonstrated that the level of evidence to support the
recommendations is low. The low prevalence of these disor-
ders makes it difficult to perform RCTs, which implies that the
necessary information to guide clinical decisionmaking has to
come from observational studies. Evidence from observa-
tional studies can be acceptable, however, as long as inherent
biases have been addressed in the design and reporting of
such studies. Complete and long-term follow-up is important
in such cohorts. The GWC identified several issues that are
worth placing on the research agenda for the near future.

8.1. Acute and chronic mesenteric ischaemia

When results after different surgical procedures, such as
SMA stenting, are reported, it is important to distinguish
patients with AMI, CMI, and acute on chronic mesenteric
ischaemia. These are different patient cohorts, and it is
rather meaningless to compare results, or discuss the
possible advantage of different follow-up regimens, if the
patient population is mixed.

There is a need to develop a specific biomarker for in-
testinal ischaemia.

The selection of patients with symptoms of CMI for
interventional treatment must be improved. Some 15% of
patients who have been treated with a technically suc-
cessful intervention remain symptomatic. This rate is
comparable with patients after a laparoscopic cholecys-
tectomy. It has been outlined that functional testing is of
paramount importance in diagnosing CMI, in particular in
one vessel disease. Although exercise tonometry has been
shown to have a high accuracy for establishing the diag-
nosis of CMI, it is not widely available. Either a new
methodology to select patients for an intervention needs
to be developed, or exercise tonometry needs to be
disseminated and evaluated in prospective multicentre
studies. Portal vein lactate measurement with magnetic
spectroscopy has been reported in experimental studies,
and could perhaps be developed into a mesenteric
ischaemia function test.

Development of methods to measure precise volume
blood flow in the mesenteric circulation, for instance with
MRA or CTA, would improve the possibilities for evaluating
the effect of different interventions.

To better understand, compare, and combine the results
of studies reporting on the outcomes of interventions for
CMI in meta-analyses, reporting standards are needed
that incorporate additional outcome parameters to patency
and re-interventions for recurrent symptoms. None of the
studies comparing endovascular and open surgery for CMI
supplied data on more relevant outcomes such as weight
gain or the reason for re-interventions. In addition, there
were no data available on patient reported outcome mea-
sures (PROMs) such as quality of life or simple pain scores
before and after an intervention. Development and evalu-
ation of PROMs for this specific group of patients is crucial
to improve our understanding of the outcomes of in-
terventions for CMI, and to aid shared decision making.

When better methods have been developed on how to
select patients for treatment, and how to compare results,
the next step is to compare different interventions. There
are multiple issues to be addressed: single or multiple
vessel revascularisation, open versus endovascular man-
agement, bare versus covered stent deployment, bare
versus drug coated technology, post-intervention drug
therapy, anticoagulation versus antiplatelet therapy, single
versus dual antiplatelet therapy, etc.

Further research is also warranted to determine if routine
surveillance and treatment of re-stenoses after treatment
for CMI, before they become symptomatic confers any
benefit, thus guiding the need for follow-up with imaging
after intervention.

Last but not least, the GWC wants to emphasise the need
to develop multicentre, preferably international, collabora-
tion in research on mesenteric vascular disease. Although
the patient cohort in total is rather large, the number of
subgroups of patients with different pathologies and
treatments is also great, emphasising the need for collab-
oration that might then supply physicians and patients with
high quality data to support future decision making.
8.2. Venous mesenteric ischaemia

Thrombolysis seems to be a promising technique in patients
with venous mesenteric ischaemia. Yet the GWC had diffi-
culty in interpreting the results of the small case series
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reporting on the role and the different techniques of
thrombolysis, mainly because in most papers patient se-
lection was not clear. For this field it would also be desirable
to share data from as many centres as possible in a registry
because of the low prevalence of the disorder. Registries
represent a potential way forward when studying treatment
of uncommon and rare diseases. The Vascunet collaboration
of registries within Europe, Australia, and New Zealand is a
sub-committee of the ESVS, and has recently established a
transatlantic collaboration with the Society for Vascular
Surgery - Vascular Quality Improvement in North America.

Although several cohort studies have identified a high
prevalence of pro-thrombotic factors in patients with
venous mesenteric ischaemia indicating Factor V Leiden and
pro-thrombin G20210A gene mutations over-
representation, the value of routine blood screening of
inherited or acquired thrombophilic factors as risk factor
estimates and/or as determinants of anticoagulation ther-
apy length or recurrence rates remains to be evaluated.

8.3. Mesenteric artery aneurysms

There were hardly any data available on the natural history
of mesenteric artery aneurysms, including the risks and
benefits of prophylactic treatment. Given the low preva-
lence it would be desirable to use the existing registries to
study these patients. Another alternative is to start a
dedicated international registry of such patients, to expand
our knowledge. As the risk of rupture seems to be low, a
prospective registry of patients managed without operative
intervention is warranted. These aneurysms are diagnosed
more often as a result of increased imaging, in particular
with CT, resulting in an inherent risk of overtreatment.

8.4. Isolated dissections of the mesenteric arteries

The role of endovascular treatment as well as the duration
and frequency of follow-up examinations need to be
defined in rigorous prospective cohort studies. As the dis-
ease may behave differently in Asian and European pop-
ulations, there is a need for multicentre collaboration in
Europe, where the disease is less common.

APPENDIX A. SUPPLEMENTARY DATA

Supplementary data related to this article can be found at
http://dx.doi.org/10.1016/j.ejvs.2017.01.010.
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