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ARTICLE INFO ABSTRACT

Received: Mesenteric ischemia is rare, yet a fatal etiology of abdominal pain. It is common in the elderly
10 Jun 2021 population, specifically women more than men. Mesenteric ischemia manifests itself in a variety of
presentations and has a range of causes, and always poses a diagnostic challenge. A high index of

Received in revised form: suspicion is needed, and early identification and intervention raise the survival rate of the patients.

03 Oct 2021 Because of its high accuracy performance, computed tomographic angiography (CTA) has become
Accepted: the gold standard diagnostic modality. Options for intervention include endovascular procedures
12 Oct 2021 and open repair. We aimed to review the literature to promote the understanding and awareness of
Available online: mesenteric ischemia. We reviewed the literature for mesenteric ischemic syndromes,
28 Oct 2021 pathophysiology, diagnosis, evaluation, and treatment options. Articles were chosen from the

PubMed database, and selected studies were subjected to a thorough review. Mesenteric ischemia
is a rare cause of abdominal pain, yet it is a potentially life-threatening condition. To diagnose and

Keywords: Acute mesenteric treat the condition early, a high index of suspicion is essential. Delay in diagnosis and treatment
ischemia. Chronic mesenteric might result in a high rate of morbidity and mortality for the patient. Early bowel revascularization
ischemia, Nonocclusive mesenteric with an open or endovascular repair is critical for survival.
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Introduction

Mesenteric ischemia is a life-threatening etiology of abdominal pain. It is caused by a compromised blood flow that does not
align with the metabolic requirements of visceral organs. The gravity of this condition differs by the type of vessel, and
ultimately the organ, involved and the status of the collateral blood flow [1]. Although there are advances in the diagnostic
measurements used to identify this condition, the most crucial factor that manipulates the outcome of this condition has always
been the prompt diagnosis and intervention. Delayed or inaccurate detection may result in tragic complications that raise the
mortality up to 80% among acute presentations [2, 3]. Even though it is considered a rare etiology of abdominal pain, it is one
of the most serious causes accounting for 0.09-0.2% of all acute surgical admissions [4]. In this review, we shed the light on
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the pathophysiology, presentation, diagnosis, and treatment measures of the various syndromes of this condition. The aim is
to promote understanding and awareness of this fatal condition.

Materials and Methods

We utilized the PubMed database for the selection process of relevant articles, and the following keys used in the mesh
((“Mesenteric Ischemia"[Mesh]) OR (“Pathophysiology"[Mesh] OR "Diagnosis"[Mesh] OR "Evaluation"[Mesh] OR
"Treatment"[Mesh])). For the inclusion criteria, the articles were selected based on including one of the following: Mesenteric
ischemia or Mesenteric ischemia’s pathophysiology, diagnosis, evaluation, and treatment. Exclusion criteria were all other
articles that did not meet the criteria by not having any of the inclusion criteria results in their topic.

Review

Types of Mesenteric Ischemia

Mesenteric ischemia can broadly be classified as either arterial or venous, see Figure 1. Arterial obstruction is the most
common etiology of mesenteric ischemia and has both acute and chronic types. The arterial disease can be further subdivided
into occlusive and nonocclusive mesenteric arterial ischemia. The occlusive type is mostly associated with embolic in 40-50%
of cases, with thrombotic occlusion accounting for 20 to 35% of cases, and with dissection or vasculitis accounting for 5% of
cases [1]. Nonocclusive mesenteric ischemia is thought to be caused by a hypoperfusion state associated with mesenteric
vasoconstriction. It constitutes 5 to 15% of all mesenteric ischemia cases, and the incidence is subsiding owing to the promoted
awareness of this condition and the improvement of supportive therapies [5, 6]. The last type is mesenteric venous thrombosis,
which accounts for 5-15% of mesenteric ischemia cases. It causes impairment in the venous flow that leads to visceral edema
and abdominal pain. It is thought to be caused idiopathically, however, the majority of the cases have predisposing conditions.
These include trauma, hypercoagulable states, pancreatitis, or tumors [7, 8].
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Figure 1. Types of Mesenteric Ischemia

Pathophysiology

The mesenteric circulation consists of three major arteries; celiac artery, superior mesenteric artery, and inferior mesenteric
artery. These three major arteries are connected with collateral networks that play a part in the event of a single artery
breakdown, to compensate for the insufficiency in the perfusion of viscera [9]. In the setting of an acute condition, the loss of
blood flow in the major artery (most commonly the superior mesenteric artery) and its collateral vessels lead to mesenteric
ischemia [10, 11]. On the contrary, in chronic mesenteric ischemia, collateral vessels develop over time, and symptoms may
not appear unless two or more major vessels are occluded [12].

When ischemia takes place due to decreased blood flow, the body initially responds by vasodilation in an attempt to increase
the blood and oxygen delivery to the visceral organs [13, 14]. As time passes, the protracted ischemia results in vasoconstriction
which primarily inflicts injury to the intestinal mucosa. Consequently, bacterial translocation ensues due to the failure of the
mechanisms that prevent otherwise. Moreover, systemic inflammatory response joins in the process, leading to further
vasospasm and ischemia, and more ferocious damage to the bowel wall. If untreated, this can lead to irreversible transmural
intestinal necrosis, and ultimately death [13, 15].

Clinical Assessment

Attention must be drawn to the patient’s history and clinical examination findings hinting out towards mesenteric ischemia to
make a definitive diagnosis and prompt treatment. In terms of incidence, mesenteric ischemia more commonly affects women
than men [16]. The treating physician should be attentive during clinical assessment for any evidence of vascular and
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atherosclerotic diseases, such as a peripheral artery, cerebrovascular, coronary artery, renovascular disease. Moreover,
pulmonary and cardiovascular disease need to be treated as they occur along with mesenteric ischemia, and may hinder the
options of revascularization [1].

Presentation of Acute and Chronic Mesenteric Ischemia

Patients suffering from acute mesenteric ischemia often, but not always, present with abdominal pain that is out of proportion
to clinical examination along with bruit in the epigastrium. Some patients may only complain of tenderness upon palpation
due to peritoneal irritation from injured bowel. Interestingly, this finding may shift the physician's attention to other diagnoses,
rather than acute mesenteric ischemia [17, 18]. If the patient presents with acute onset abdominal pain, they should always
look for the possibility of atherosclerotic process and source of emboli, such as the history of myocardial infarction and atrial
fibrillation [4, 11]. It is not easy to ascertain arterial from venous occlusion; nonetheless, patients with venous occlusion often
present with a gradual onset abdominal pain. Furthermore, risk factors for venous disease such as deep vein thrombosis, recent
abdominal surgery, thrombophilia, and cancer can give a clue toward venous occlusion [7, 19].

For chronic mesenteric ischemia patients, they present with various symptoms, such as nausea and vomiting, abdominal pain,
postprandial pain, altered bowel movement, and weight loss [12, 16]. Postprandial pain needs a detailed inquiry, because it
occurs in many other diseases, including gastric reflux, peptic ulcer disease, biliary disease, pancreatitis, irritable bowel
syndrome, and gastroparesis. For that reason, a full gastroenterology workup is needed to rule out these differentials [20].
Another finding that may distinct chronic mesenteric ischemia from these diseases is weight loss, as it is common in mesenteric
ischemia. Cancer is common in individuals of old age with a history of smoking, as well as the case for chronic mesenteric
ischemia. Therefore, attention towards the possibility of cancer should not delay the recognition of chronic mesenteric
ischemia. Essentially, in elderly women complaining from loss of weight, dietary changes, and have a history of vascular
disease, chronic mesenteric ischemia must be taken into consideration [16, 20].

Laboratory Tests

The most important laboratory tests to check in possible cases of acute mesenteric ischemia are fluid status, basic metabolic
panel (BMP), arterial blood gases (ABG), and markers for infection [21]. In the event of bowel ischemia or bowel infarction,
lactate levels can be rising. However, it is not beneficial to wait for the lactate to rise to move on to further testing. Early
intervention before lactic acidosis ensues helps salvage more bowel from transmural damage [22]. Physician should also look
for evidence of infection, including a left shift of neutrophils or an increased white blood cell count. These findings point out
ischemia, full-thickness bowel damage, or translocation of bacteria [21].

Up to this point, there are no serum biomarkers that proved worthy to early detect acute mesenteric ischemia [23, 24]. This is
due to the early metabolism of the liver for any proteins secreted by the intestinal cells [13]. C-reactive protein, albumin,
transferrin, and transthyretin are the only useful markers in cases of chronic mesenteric ischemia because they are valuable in
evaluating the level of malnutrition before undergoing revascularization [16].

Diagnostic Imaging

Ultrasonography

Duplex ultrasonography is an effective study in diagnosing mesenteric vasculature, and it has high sensitivity and specificity
reaching 85 to 90%. It is advantageous in being a low-cost study that can a fair assessment of the proximal visceral vessels,
however it is limited sometimes distally [25, 26]. The factors that may decrease the effectiveness of this study include operator
dependency, obesity, bowel gas, vessels calcification. Normally, this study is adequate for evaluating patients with chronic
mesenteric ischemia and for follow-up after an intervention [27].

Computed Tomographic and Magnetic Resonance Angiography

Computed tomographic angiography (CTA) has become the gold standard imaging modality for diagnosing mesenteric
ischemic syndromes since it has a high accuracy of 95 to 100% [28]. It is reliable in obtaining rapid images of the origin and
length of the vasculature. Moreover, it provides a good characterization of the degree of stenosis or obstruction and assesses
the branch vessels. It also helps in evaluating the options for revascularization [17, 29]. Additionally, CTA can detect the
potential origin of the emboli, and assess other abdominal structures and pathologies. To determine the presence of acute
mesenteric ischemia, CTA needs to be performed with intravenous contrast enhancement. Compared to arterial disease, CTA
does not have a high sensitivity for mesenteric venous thrombosis. However, it gets better with the use of two-phase imaging
[8, 30].

Magnetic resonance angiography (MRA) is a choice to use to avoid the risks of radiation and contrast material. Nevertheless,
due to long operation time, low image resolution, and overestimation of the grade of stenosis, CTA is almost always the
preferred option [17]. The pros of CTA greatly outbalance the disadvantages in patients suffering from acute mesenteric
ischemia [31].

Endoscopy

Endoscopy is one of the modalities used for evaluating abdominal pain. It is most helpful in detecting other differential
diagnoses. These include ischemic abnormalities in the stomach, proximal small intestines, large colon, and rectum. The
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drawback of this modality is that it cannot reach the parts of the small intestines most commonly affected by mesenteric
ischemia. Moreover, it is only capable of detecting late abnormalities, such as infarction. Thus, it is not accurate in identifying
subtle ischemic abnormalities [32].

Catheter Angiography

Catheter angiography has evolved from previously being a standard modality of diagnosing mesenteric ischemia, to being a
part of the initial interventional treatment. It is carried out after the option of revascularization is decide. To regain the flow of
blood, it is complemented with endovascular therapies, including angioplasty, stenting, thrombolysis, and arterial vasodilation
[33-35]. Furthermore, catheter angiography aids in confirming the diagnosis before commencing open abdominal exploration
[17].

Immediate Care and Treatment

Fluid and Electrolyte Replacement

Fluid replacement, monitoring of electrolyte levels, and continuous hemodynamic monitoring are crucial steps in initial care.
This is due to severe metabolic acidosis and hyperkalemia that can arise in acute mesenteric ischemia patients resulting from
bowel infarction [13, 17]. Furthermore, from this point the patient’s condition may deteriorate to sepsis or septic shock.
Principally, fluid replacement should be cautiously adjusted to avert fluid overload, because the fluid demand may be very
high, particularly following revascularization. The requirement can reach up to 2 liters of crystalloid fluid during the first 24
hours subsequent to revascularization [1].

Early Pharmacological Treatment

Heparin needs to be given early in the course in patients suffering from acute mesenteric ischemia or aggravation of chronic
mesenteric ischemia. Moreover, vasodilators can be given for unresolving vasospasm following revascularization [14]. Broad-
spectrum antibiotics have shown to improve the outcomes of critically ill individuals and those with high risk of infection [36,
37]. This is true due to the increased hazard of bacterial translocation and sepsis [38, 39].

Lines of Treatment

Acute Mesenteric Ischemia

Endovascular Repair

The use of endovascular repair is getting more common. One study showed that the use of this approach has increased from
15% to 30% from year 2005 to 2009. This is owing to the fact that it can restore blood flow more abruptly than open approach,
and therefore halts the progression of ischemia toward bowel infarction [40]. Even though the use of this approach is getting
more prevalent, there are no enough data that shows an obvious advantage of this technique over open repair. In fact,
endovascular repair is most effective in cases of ischemia that is not serious, and in those with serious comorbidities that put
them at high risk of adverse effects of open repair [3, 41, 42].

Endovascular repair treats acute obstruction by mechanical thrombectomy or angioplasty accompanied with stenting. For more
effectiveness, these techniques are complemented with thrombolysis to remove any remaining thrombi [41]. Moreover,
endovascular procedures are functional in managing both thrombotic and embolic obstructions [34, 43]. Endovascular repair
has a drawback in which it cannot directly evaluate bowel viability. Therefore, patients undergoing this approach must be
closely monitored for any evidence of peritonitis, as it entails emergent open exploration for bowel resection [34, 42].

Open Repair

The aims of open repair approach are to relieve the obstruction in the occluded vessel, evaluate bowel viability, and to resect
dead bowel sections. Acute obstruction by emboli is treated by embolectomy. If failed, bypass with an autologous graft can be
done distal to the obstruction. Nevertheless, if distal flow is still defective, thrombolytic drugs can be administered
intraarterially [44]. Following these steps, the viability of the bowel and other organs is assessed for ischemia. Complete
ischemic bowel sections and resected, while sections that seem suspicious can be left for future reassessment or operation [3,
42, 45]. Short-term mortality following open repair spans between 26 to 65%, and it gets higher in patient with comorbidities,
such as old age, renal failure, metabolic acidosis, and longer duration of symptoms [3, 45, 46].

Chronic Mesenteric Ischemia

The option of intervention for chronic mesenteric ischemia is decided by weighing the benefits and risks. Endovascular repair
has exceeded open repair in recent years. This is due to the immediate relief of symptoms it provides, less risk of adverse
effects, and for being less invasive [47]. Nonetheless, it is associated with higher rates of failure of patency, and the time it
takes for symptoms to reappear is shorter [48, 49]. Restenosis affects up to 40% of patients, and 20 to 50% of those who
experience it will require reintervention [50, 51]. On the other hand, open approach is associated with slower recovery time
and longer duration of hospital stay than endovascular approach. Although data on mortality is inconclusive, patients treated
with open repair have higher rates of symptom alleviation and primary patency after 5 years, as well as reduced rates of
reintervention [52]. For younger, lower-risk individuals with a longer life expectancy, or for those whose lesions are not
receptive to endovascular procedures, open repair may be a better option [53].
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Nonocclusive Mesenteric Ischemia
The mortality in patients with nonocclusive mesenteric ischemia can reach up to 83%, depending on how well the underlying
etiology is managed. The primary goal of management is to treat hemodynamic instability, and to reduce the usage of systemic
vasoconstrictors [2]. In patients without bowel infarction, further therapeutic options include anticoagulation and the use of
vasodilators. Serial abdominal examinations should be used to keep track of patients. Moreover, If the likelihood of peritonitis
is a concern, open exploration must be done [15].

Mesenteric Venous Thrombosis

Except if contraindicated, all individuals with venous mesenteric ischemia need to be treated with intravenous heparin, which
should be switched to long-term oral coagulation 24 to 48 hours after the acute state has stabilized. Anticoagulation is usually
the sole treatment required; patients who take anticoagulation have reduced rates of treatment failure and death than those who
do not [19, 54]. In patients who have failed to respond to medical treatment, there are a variety of options for intervention,
including percutaneous and transhepatic thrombectomy, local thrombolysis, and open intraarterial thrombolysis [55]. Any
signs of peritonitis, or gastrointestinal bleeding, as in all cases of mesenteric ischemia, should prompt open exploration to rule
out bowel infarction [42].

Follow-Up

Patients with mesenteric ischemia should follow long-term therapy plan that aims on treating concomitant conditions and risk
factors. Thus, smoking abstinence, blood pressure control, and statin medication are all suggested. All patients who have
undergone endovascular or open procedure should take life-long aspirin as a preventive therapy. Furthermore, they need to
take clopidogrel for a period of 1 to 3 months following the intervention [56]. Lifelong anticoagulant therapy is advised for
patients with venous mesenteric ischemia, atrial fibrillation, familial or sporadic thrombophilia [19]. It is recommended that
vascular patency be assessed lifelong on a regular basis, as the recurrence of symptoms is quite common. For the first year
after repair, duplex ultrasonography should be done every six months, then once a year after that [57]. Any symptom recurrence
should necessitate diagnostic imaging and reintervention, if signs of restenosis or obstruction are discovered [34, 42].

Conclusion

Mesenteric ischemia is an uncommon etiology of acute abdomen; however, it is a potentially serious surgical emergency. A
high index of clinical suspicion is required in order to early diagnose and treat the condition. Delayed diagnosis and
intervention may pose the patient to a high morbidity and mortality. The key to a patient's survival is early bowel
revascularization with open or endovascular repair. Moreover, it is critical to provide rigorous postoperative care to avoid
multi-organ failure, and to recognize complications of mesenteric revascularization as soon as possible.
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