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Summary

Background: The lethality of acute mesenteric ischemia
(AMI) remains quite high with 50-70%. The main rea-
sons for that are the fact that AMI is rarely taken into
consideration by the differential diagnosis of acute abdo-
men, the time-consuming diagnostic process, and the
lack of a standardized therapeutic concept. The present
interdisciplinary review aims to increase awareness
among physicians and to help improve clinical out-
comes. Methods: This clinical therapeutic review is
based on author expertise as well as a selective litera-
ture survey in PubMed based on the term ‘mesenteric
ischemia’, combined with the terms ‘arterial’, ‘clinical
presentation’, ‘diagnosis’, ‘therapy’, ‘surgery’, and ‘inter-
ventional radiology’. Based on these search results as
well as on the guidelines of the German Society of Vas-
cular Surgery, the American College of Cardiology, and
the American Heart Association, we present an interdis-
ciplinary treatment concept. Results: AMI is a vascular
emergency that can be successfully treated only within
the first hours after the onset of symptoms. Computed
tomography angiography is the diagnostic method of
choice. Intensive care unit treatment can prevent the oc-
currence of multiple organ failure. Treatment primarily
consists of the revascularization of the mesenteric arter-
ies. Endovascular techniques should be given priority,
whereas signs of peritonitis or a central arterial occlu-
sion with high thrombus load primarily require a surgi-
cal approach in order to save time and increase patient
safety. Additional bowel resections can play a significant
role in the treatment of intestinal sepsis. Conclusion:

Prompt and goal-oriented diagnosis and consistent treat-
ment of AMI within 4-6 h from the onset of symptoms
can be decisive for the reduction of AMI-associated le-
thality. In order for this to happen, a standardized con-
cept of emergency treatment needs to be implemented.
© 2018 S. Karger GmbH, Freiburg

Introduction

Acute mesenteric ischemia (AMI) remains an interdisciplinary
challenge in clinical medicine. The symptoms can be non-specific
and the diagnosis takes time, resulting in delayed treatment with
high lethality. With increasing awareness among physicians, pri-
marily in the fields of gastroenterology as well as abdominal and
vascular surgery, however, a reduction of AMI-associated mortal-
ity from 90 to 50% could be achieved in the last 30 years [1].
Among patients over 70 years of age with the diagnosis ‘acute ab-
domen’, AMI is found to be the cause of symptoms in 10% [2].
Considering that treatment within the first 6 h results in a mortal-
ity of only 10-20%, it becomes obvious that the potential of im-
proved outcomes is quite high.

The objective of this comprehensive review of all aspects of AMI
is to increase the understanding of this clinical entity among physi-
cians. It has to be clear that AMI is a cardiovascular emergency that
requires strict decision pathways similar to those established for cer-
ebrovascular or acute myocardial ischemia. For this purpose, we
present our own treatment algorithm. Characteristic for AMI is the
sudden onset of abdominal pain initially, a subsequent pain-free in-
terval of 6 h, followed by sepsis with multiple organ failure after that,
resulting in a challenging situation for the intensive care unit (ICU).
This review is based on a literature survey in PubMed of the term
‘mesenteric ischemia’ as well as on the current guidelines of the Ger-
man Society of Vascular Surgery (GSVS), the American College of
Cardiology (ACC), and the American Heart Association (AHA).
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Fig. 1. Clinical course and treatment of acute mesenteric ischemia (according
to [30]).

Causes and Classification

AMI is the result of a sudden occlusion of one or more principal
mesenteric arteries. It has been shown that the anatomic configura-
tion of the celiac artery (CA), the superior mesenteric artery (SMA),
and the inferior mesenteric artery (IMA) forms a collateral network
with a high compensatory capacity [3]. Certain limitations exist for
the SMA, however, since this artery is only centrally collateralized,
resulting in a functionally vulnerable peripheral circulation. This
vessel is affected in 85% of all cases of AMI, and it plays the main
role in the diagnosis of AMI. The pathogenesis of the occlusion can
be embolic or thrombotic in the presence of a pre-existing patho-
logical arterial wall. Additionally, central occlusion should be distin-
guished from peripheral occlusion. Often cited risk factors for an
AMI are cardiac arrhythmias, mostly atrial fibrillation, older myo-
cardial infarction, general arteriosclerosis, and arterial hypertension.
A separate type of a functional, non-occlusive mesenteric ischemia
(NOMI) is described, which can result from a reactive vascular
spasm within the intestinal circulation. It can occur in low-flow situ-
ations, e.g. at the end of cardiac surgery procedures or during dialy-
sis. Septicemia or certain drugs (digitalis) can also induce a NOMI.

Pathophysiology and Clinical Aspects

An acute complete occlusion of a mesenteric artery initially trig-
gers a vascular spasm in the area of the ischemic bowel. The result is
hyperperistalsis with paroxysmal abdominal pain. A vicious circle is
simultaneously established on the cellular level, which results in en-
ergy loss with the formation of oxygen free radicals and the subse-
quent disintegration of mucosal cells. After 3-6 h, the intestinal peri-
stalsis ceases and a deceptive mild interval without pain begins,
which results from the ischemic damage of the intramural pain re-
ceptors. In the final stage the mucosal defect becomes irreversible.
Along with the infiltration of the intestinal wall by leukocytes, bacte-
rial translocation takes place, resulting in intestinal gangrene. The
clinical manifestation of the end stage consists of diffuse peritonitis,
ileus, sepsis, and multiple organ failure, especially failure of the lungs,
kidneys, and liver (fig. 1). Because of this clinical course, the need for
an early recognition of AMI in the initial stage (usually by the general
practitioner) as well as an urgent, consistent clinical diagnosis and
prompt revascularization are of the upmost importance.
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Table 1. Differential diagnosis of acute mesenteric ischemia

Abdominal pathologies intestinal occlusion or perforation,
inflammation of intra-abdominal organs,
biliary colic, incarcerated hernia

Vascular pathologies aortic aneurysm, aortic dissection,

mesenteric vein thrombosis, portal vein
thrombosis, vasculitis

Urinary tract pathologies renal colic, urinary retention, testicular

torsion

Traumatic pathologies blunt force trauma

Gynecological pathologies extrauterine pregnancy, tubal rupture

General medicine pathologies  diabetic pseudoperitonitis, acute

intermittent porphyria, lead poisoning

Thoracic pathologies pleurisy, pericarditis, acute myocardial

infarction

Diagnosis, Differential Diagnosis and Prognostic
Parameters

The consideration of AMI in the differential diagnosis of ‘acute
abdominal pain’ is decisive for the diagnostic pathway (table 1).

When an AMI is suspected, a biphasic computed tomography
(CT) angiography is the diagnostic method of choice and should be
performed without delay. The method is currently universally
available, is time-saving, and has a high diagnostic value for all in-
tra-abdominal pathologies. Sensitivity is 93% and specificity is
100%, while the positive and negative prognostic value is 94 and
100%, respectively [4]. A CT scan immediately enables many treat-
ment options of both abdominal und vascular pathologies, with the
additional option of an endovascular intervention. If colorectal is-
chemia is suspected, endoscopic evaluation of the colorectal mu-
cosa should be promptly performed. Other diagnostic means, e.g.
abdominal ultrasound, abdominal X-ray, catheter angiography, or
magnetic resonance tomography, are usually time-consuming and
do not offer a comprehensive presentation of all abdominal organs
(ultrasound: class III recommendation with grade C evidence level
according to the ACC/AHA guidelines). These methods should be
replaced by CT angiography.

Time-consuming laboratory tests are non-productive as well
because of the lack of a marker with adequate sensitivity or speci-
ficity that can confirm the diagnosis. This is also the case for serum
lactate, with elevated levels being indicative but not evidentiary of
an AMI. There are cases of AMI with normal levels of serum lac-
tate, particularly in patients with colorectal or peripheral ischemia
[5].

Any delay of the initial diagnosis and intestinal revasculariza-
tion plays a critical role according to the prognostic parameters
(table 2). The lethality of AMI rises exponentially from 10 to 100%
within 24 h (fig. 2).

Additional predictors arise from the pathogenesis and location
of the arterial occlusion. Arterial embolism, for instance, usually
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Table 2. Prognostic parameters of acute mesenteric ischemia

Time lapse till revascularization

Pathogenesis of the occlusion (embolism, thrombosis, NOMI)
Affected intestinal artery (celiac artery, SMA, IMA, multiple vessels)
Location of the occlusion (central, peripheral)

Degree of ischemia (complete, reversible)

Extent of ischemia (extensive, localized)

Affected intestinal segment (small or large intestine, combined)

NOMI = Non-occlusive mesenteric ischemia; SMA= superior mesenteric
artery; IMA = inferior mesenteric artery.

occurs in healthy and unprepared vascular areas, promptly leading
to a severe defect. On the contrary, an arterial thrombosis usually
occurs after a long and chronic atherosclerotic process within the
wall of an intestinal artery, resulting initially in a more moderate
clinical course with the final stage being just as grave, though. Re-
garding the localization of the occlusion, the occluded principal
vessel is of high importance. While acute occlusions of the CA and
the IMA are often adequately compensated by the collateral perfu-
sion of the SMA, the occlusion of the latter almost invariably re-
sults in an intestinal infarction. Occlusions of central vessels are
generally prognostically less favorable than peripheral occlusions
with a better collateral perfusion. The prognosis of NOMI is par-
ticularly grim (lethality of 50-70%), the reason being, on the one
hand, the vascular spasm of extensive intestinal segments and, on
the other hand, the particularly difficult diagnosis [8]. Finally, the
degree and the extent of ischemia as well as the affected intestinal
segments should be considered. If no irreversible damage of the in-
testinal wall is present, a complete regeneration without bowel re-
section is possible after revascularization. We should also point out
that the course of an AMI of the large intestine is more fulminant
than that of an AMI of the small intestine. This is the reason why a
combined ischemia of the small and large intestine has a higher le-
thality than an isolated AMI of the small intestine.

Additional prognostic factors include the age and the life quality
as well as possible comorbidities of the patient. It is of prognostic
value whether the patient is ‘young’ and relatively ‘healthy’ or mul-
timorbid with a reduced life expectancy. Treatment options should
be oriented towards the preservation or reacquisition of a realistic
quality of life and should not represent an end in itself. This nar-
row line between agonizing preservation of life and realistic treat-
ment optimism is determined by the physician.

Treatment Options

AMI represents a vascular emergency. Clinical concepts have to
be developed and be available in order to reduce the mortality due
to the disease, similar to the concepts of the stroke unit for neuro-
logic emergencies or the chest pain unit for patients with myocar-
dial infarction. A comprehensive concept for the emergency
management of abdominal patients in Germany is yet to be
established.

Acute Mesenteric Ischemia
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Goals of Basic Intensive Care

ICU capacity should be available for every patient with sus-
pected AMI from the moment they are admitted to the hospital,
provided there is no delay of the diagnostic process or the initia-
tion of revascularization. Continuous measurements of the oxy-
genation by pulse oximetry, arterial blood pressure, and heart rate
present the basic monitoring in those patients [9]. Particular at-
tention should be given to adequate fluid resuscitation with crys-
talloid solutions as well as blood derivatives to achieve a hemody-
namic stabilization of the patient by counteracting the massive
volume displacement within the ischemic intestinal segments [1],
which takes place in the early hours after the onset of AMI
(table 3). In order to achieve that goal, patients should receive a
central venous catheter (internal jugular or subclavian vein). Va-
sopressors should be avoided during this stage, although they
could be indicated particularly in high cardiac risk patients in
order to avoid a volume overload. Dobutamine, low-dose dopa-
mine, or milrinone improve cardiac function while causing mini-
mal impairment of intestinal blood flow [10]. Supraphysiological
parameters for the improvement of cardiovascular function are
not an established concept [11]. Volume overload can lead to ab-
dominal compartment syndrome; therefore, the intra-abdominal
pressure should be clinically monitored and if a compartment syn-
drome is suspected, it should be confirmed by measurement of the
intravesical pressure. The administration of oxygen should be part
of the routine. Fasting should be initiated immediately, both as
preparation for a potential surgical procedure and to reduce the
postprandial intestinal hyperemia.

At the same time, anticoagulant therapy with heparin should be
initiated in order to prevent the progression of the thromboem-
bolic occlusive process within the intestinal arteries. We recom-
mend an intravenous bolus of 20,000 IU followed by a continuous
administration of 5,000-10,000 IU of heparin within 24 h [12]. The
aPTT should be about 60 s. Because of bacterial translocation from
the ischemic bowel segments, caused by the disturbed mucosa bar-
rier, all patients should be given antibiotics, e.g. second-generation
cephalosporins combined with metronidazole, even when there are
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Table 3. Basic care of acute mesenteric ischemia

Fluid resuscitation e.g. Ringer’s lactate 1-2 ml/kg/h

Anticoagulation 20,000 IE/heparin/24 h, PTT-controlled
Antibiotics cephalosporin 3 x 1.5 g, metronidazole 3 x 500 mg
Analgesics peridural catheter or opioids, e.g. up to 15 mg/h

piritramide

no clinical signs of an infection [13]. A sufficient analgesic therapy
is also required.

A particular situation arises in the presence of non-occlusive
AMLI: ICU patients are often affected as they represent a high-risk
group because of the administration of high-dose vasopressors,
disturbed blood coagulation, as well as fluid or electrolyte deficits.
The symptomatic treatment in this case consists of the improve-
ment of volume substitution in order to achieve a significant dose
reduction of vasopressors. Additional measures for a local (intesti-
nal) vasodilation and anticoagulation can be applied [14].

Are Endovascular Techniques a Reasonable
Treatment Option?

In every case of AMI and once the diagnosis has been con-
firmed, one should evaluate the feasibility and rationality of endo-
vascular treatment (ET). Here, the obvious reduction of patient
morbidity is advantageous, particularly since geriatric and multi-
morbid patients are often those affected. The reason for that is the
lack of major surgical trauma (laparotomy, intestinal displacement,
vascular clamping, hypothermia etc.). Branco et al. [15] deter-
mined a reduction in patient morbidity to 23-26% after ET com-
pared to 36-56% after open surgery. Other authors came to similar
conclusions, although there were differences in the classification of
the severity of the disease [16, 17]. ET did not result in a significant
reduction of the rate of pneumonia or sepsis as well as of the occur-
rence of short bowel syndrome, so that the overall mortality of
AMI could not be reduced [18, 19]. The technical aspects of target
vessel recanalization (usually the SMA) via a femoral, brachial, or,
in the case of a laparotomy (peritonitis), retrograde mesenteric ac-
cess is usually successful. Having a guidewire in the target vessel
allows thrombectomy with or without selective thrombolysis using
rt-PA or urokinase, respectively, and the administration of prosta-
glandin E1 (PGE,) locally through the catheter in order to reduce
thrombus load [20]. A thrombus fragmentation using the guide-
wire is not recommended due to the risk of peripheral emboliza-
tion. Therefore, we recommend an open thrombectomy in cases of
fulminant embolism of the central SMA (fig. 3).

Alprostadil (PGE,, Prostavasin®) administration results in se-
lective vasodilation and is particularly helpful in cases of NOMI
(class I recommendation, evidence level B, ACC/AHA guidelines).
Recommended are 20 pg alprostadil as bolus and additionally
60-80 ug over 24 h as continuous infusion directly into the ostium
of the SMA (alternatively: epoprostenol (PGI,, Tloprost®) 5-6 ng/
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Fig. 3. Extensive
stent-PTA of the supe-
rior mesenteric artery
resulting in peripheral
thrombus dislocation.
Clinical course:
persistent acute
mesenteric ischemia
with fatal outcome.

Table 4. Critical lengths of remaining bowel to avoid short bowel syndrome

100 cm for a permanent jejunostomy (loss of colon)
65 cm for a jejunocolic anastomosis (preservation of colon)
35 cm for a jejunoileal anastomosis with preservation of the ileocecal region

kg/min, or 20,000 IU heparin/24 h). Success of pharmacotherapy
should be evaluated by follow-up angiography. Should an underly-
ing stenosis be discovered, an additional stent angioplasty can se-
cure the successful recanalization so that the intestinal reperfusion
can be maintained. While balloon-expandable stents can be placed
in the proximal SMA, distal stenotic lesions should be treated with
self-expanding stents in order to avoid an arterial dissection. The
initial technical success rate is 94-100% [15]. For the proximal
SMA, stent diameters of 6-8 mm are sufficient, while larger-diam-
eter stents are less successful (fig. 4). In order to avoid the conse-
quences of a potential vessel perforation as well as to reduce the
rate of late restenosis, stent grafts can be deployed as well [21].

The most common complication after ET, besides access site
complications (hematoma, dissection), is peripheral embolization,
which is reported in 3.8% of all cases. Rarer are perforation of the
target vessels (19%), dissections (10%), as well as acute stent dislo-
cations and acute in-stent thrombosis (10%) [22]. A significant
drawback of ET are the early and late outcomes, which are worse
compared to open repair, although they are not relevant for the
short-term prognosis of AMI [23]. The implementation of ET
should not result in a potential delay of the treatment of intestinal
sepsis. That is why the presence of peritonitis should be considered
as a contraindication for ET [12].

When Is a Surgical Approach Indicated?

The surgical treatment of AMI consists of a vascular and ab-
dominal surgical approach so that a combined expertise is always
required. The first step is the reperfusion of the mesenteric arteries;
the evaluation and potential resection of bowel segments can take
place after that. Open vascular repair remains the method of choice
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Fig. 4. a, b Implantation of 5 mm stents in the
superior mesenteric artery und celiac artery. ¢, d
Reocclusion of both stents 4 weeks later with acute
mesenteric ischemia. @ Open reconstruction with
an aorto-celiac bypass and aortic reinsertion of the
superior mesenteric artery. Outcome: recovery.

in cases of central thromboembolic SMA occlusion, in cases of
peritonitis, and as bailout procedure after a failed ET. The technical
aspects of transmesenterial embolectomy and of aortic reinsertion
of the SMA, as well as the various bypass configurations are ade-
quately described [24]. With sufficient expertise, a primary success
rate of 98-100% can be achieved; thus, time-consuming and uncer-
tain endovascular/hybrid methods with retrograde transmesente-
rial interventions are not required [25].

In the case of suspected intra-abdominal infection, e.g. bacterial
translocation or gangrene, an autologous reconstruction should be
preferred in order to avoid an infected prosthesis. Relevant compli-
cations include vascular reocclusions (2%) and bleeding (1%). The
overall morbidity after open vascular repair, however, is higher
compared to ET, partially because of the severity of the disease
(peritonitis, intestinal resection). The complications of sepsis, such
as e.g. pneumonia, kidney failure, abdominal compartment syn-
drome, result in long-term artificial respiration, catecholamine ad-
ministration, dialysis, and reoperations.

Once the intestinal revascularization is achieved, the next step
is the treatment of the intra-abdominal septic focus. Bowel seg-
ments with irreversible damage should be identified and re-
moved. Since the defects of the innermost layers of the mucosa
are usually more extensive than the external lesions of the intesti-
nal wall, bowel resections with a primary anastomosis should be
undertaken only after careful consideration. In order to avoid the

Acute Mesenteric Ischemia

risk of anastomotic insufficiency resulting in an extremely deteri-

orated prognosis, in uncertain cases one should prefer the exteri-
orization of the healthy intestinal ends as a stoma [26]. This al-
lows endoscopic follow-up examinations as well as a selective
restoration of intestinal continuity after patient recovery. Most
favorable for the unstable patient is the resection of ischemic
bowel segments with a stapler without further reconstructions,
followed by a re-evaluation after 12-24 h (damage control).
Should an additional resection of more extensive bowel segments
become necessary, one should consider the critical lengths of the
remaining bowel (table 4).

If these limits cannot be maintained, the result is a short bowel
syndrome, which requires a constant parenteral nutrition or even a
bowel transplant. Therefore, when deciding to exceed these resec-
tion limits, one should take the age and the comorbidities of the
patient into consideration.

Challenges in Postoperative Intensive Care

Postoperative intensive care of AMI patients is directed towards
the control of intestinal ischemia/reperfusion (I/R) and the preven-
tion of a potentially fatal abdominal sepsis. Release of toxic prod-
ucts of local inflammatory processes (e.g. cytokines, oxygen free
radicals) into the bloodstream occurs in the initial postoperative
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phase [27]. This can lead to a systemic inflammatory response syn-
drome with multiple organ failure, even in the absence of a pri-
mary intra-abdominal septic focus. In the presence of an additional
infection resulting from bacterial translocation from the damaged
bowel, a full-blown abdominal sepsis can develop. In addition to
basic intensive care with extended hemodynamic monitoring,
treatment should include additional measures to stabilize organ
functions as well as to control infection, and might require re-
peated imaging, e.g. X-ray and ultrasound.

In order to reduce the effects of I/R, other measures, e.g. anti-
oxidants like acetylcysteine or sodium selenite as well as anti-cy-
tokine therapies, have been suggested [28]. Controlled clinical
studies, however, are not available.

Capillary leakage resulting from I/R injury leads to volume se-
questration into the ischemic bowel. Therefore, particular atten-
tion is required regarding the optimization of volume balance. This
becomes more difficult because of the severe I/R-induced systemic
hypotension, which often requires catecholamine administration.
In this case, and depending on cardiac output and peripheral vas-
cular resistance, a combination of noradrenaline and dobutamine
should be considered to minimize the possible negative impact on
the intestinal microcirculation [10]. Dialysis, which is often re-
quired because of kidney failure, can contribute to hemodynamic
stabilization and facilitates the optimization of volume balance.

Because of potential bacterial translocation from the injured
gut, sepsis treatment according to the current guidelines should al-
ways be initiated [29]. Prolonged ventilation including a tracheos-
tomy is often required.

In the case of persistent clinical instability with increase in in-
fection parameters and bowel segments of uncertain vitality, a sec-
ond-look procedure should be undertaken 8-12 h after the primary
operation. In this case the indication for a follow-up procedure
should be generously given.

Outlook or ‘What Lies Ahead?’

AMI will remain a severe disease with high lethality. The main
challenge is the early recognition of the abdominal symptoms by the
primary physician, requiring awareness of the disease. Early diagno-
sis of AMI is hampered by the absence of laboratory parameters spe-
cific enough to confirm the presence of AMI. AMI is a vascular
emergency and should be diagnosed by a direct approach, thus
avoiding time loss. CT angiography is the diagnostic method of
choice as the fastest and most reliable modality. A concept for emer-
gency management of AMI, similar to the one presented here,
should be implemented in every institution. Parallel to intensive
care, invasive treatment methods should be promptly employed. An
attempt at endovascular recanalization should be the first step; how-
ever, this is only possible in specialized centers. In case of peritonitis
or high thrombus load, open surgical procedures must be imple-
mented, because the overall problem of vascular occlusion and gut
ischemia can be assessed more reliably and treated faster (fig. 5).
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Suspicion of acute mesenteric ischemia

CT angiography
peritonitis no peritonitis

laparotomy endovascular/surgical

arterial occlusion

ﬂ\

bowel ischemia

N\

diffuse localized central peripheral NOMI
embolus  sclerosis

no resection thrombolysis  vasodilatation

resection vasodilatation

TE/thrombolysis thrombolysis/stent PTA

Fig. 5. Diagnosis and treatment algorithm of acute mesenteric ischemia.
NOMI = Non-occlusive mesenteric ischemia.

The goal of postoperative intensive care is stabilization of the
splanchnic perfusion as well as sepsis prevention/treatment. Surgi-
cal goals are the containment of the primary septic source by re-
exploration and eventual secondary bowel resection. Transition to
a palliative concept in all phases of treatment represents an ethical
challenge.

Concluding Remarks

- AMI must be regarded as a vascular emergency!

- Prognosis is time-dependent. Therefore, increased attention
should be given to the prompt recognition and efficient diagnosis.

- CT angiography is the method of choice for the identification
and further analysis of mesenteric infarction.

- In the early stage, endovascular methods should be imple-
mented due to their minimally invasive character and the low-
er morbidity.

- Incaseof peritonitis and high thrombus load, surgical methods
should be preferred in order to achieve a simultaneous arterial
reconstruction and a resection of irreversibly altered bowel
segments as septic source control.

- The postoperative I/R syndrome and potential development of
abdominal sepsis require intensive care treatment.
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