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ABSTRACT:

Background: Acute mesenteric ishemia(AMI)
is a rare but very serious disease with high rate
of mortality and morbidity. About 1-2% of all
gastrointestinal disease is AMI. Mortality is about
60-80% and depends of time between starting
of symptoms and establishing of diagnosis, type
AMI, comorbidities. AMLIis often in older popula-
tion with coronary syndrom and atrial fibrilation.
AMI may be occlusive(embolisatio arteriae mes-
entericae superior(AMS), or thrombosis of AMS,
mesenterial vein thrombosis) and nonoclusive
form(NOMI). NOMI is rising in critical ill patients
in shock or sepsis. Pathophysiology of AMI is
very complex and significant role in this proces
has ischemia and also reperfusion. Reperfusion
injury including oxidative stres, inflamation,
infection. The best diagnostic approach is CT
angiography but after high clinical suspicion on
AML. Patients have sudden, catastrophic abdom-
inal pain, vomitus, bloody diarrhoea. Therapy is
multidisciplinary-basic treatment(resuscitation
with cristaloids, antibiotic, anticoagulans...), sur-
gical treatment-resection necrotic segments of
intestinum without anastomosis or endovascular
treatment. In early phases conservative treat-
ment is possible( vasodilatation, thrombolysis).
In some countries there are Intestinal Stroke
Centers (ISC) in which patients with AMI have
better prognosis. Because of progressive na-
ture of AMI( rapide worsening) rare are clinical
study,but there are many experimental study on
animal models. Most of experimental study in-
vestigate protective effects of some supstances
on damage on intestinum and remote organs
during ishemia and reperfusion. Objective: To
present literature data of clinical and experi-
mental study, describe experiments on animal
models and mention supstances whit promis-
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ing results in protective strategies during AML.
Methods: We analysed Pubmed by using mesh
terms such as acute mesenteric ischemia, in-
testinal injury, reperfusion, experimental study,
clinical and therapeutic approach. Results: Sud-
den abdominal pain resists on opioids analget-
ics, high rate of CRP, hyperlactatemia, increase
of D dimer is enough for suspicion of AML. Often
is delayed in establishing of diagnosis of AMI. CT
angiography has sensitivity of 94%. Pneumatosis
is sign of necrosis of intestinal wall. Classical
surgical approach is dominant, more than 70%,.
Endovascular treatment became often last few
years. Experimental studies investigate occlu-
sion of AMS with atraumatic clamp, with schemia
and reperfusion in different intervals Most ani-
mals models are on wistar male rats. Conclu-
sion: AMI has still high rate of mortality. Better
diagnostic and therapeutic principles (shorter
interval between appearance of symptoms and
starting of therapy, multidisciplinary approach,
higher percent of endovascular procedures),
could decrease mortality. Experimental studies
on animal models may be succesfullin develop-
ment of new clinical, conservative approachesin
the early phases of AMI in the future.
Keywords: acute mesenteric ischemia, reper-
fusion, experimental study.

1.BACKGROUND

Acute mesenteric ishemia (AMI) is a rare
but very serious urgent disease with high
mortality and morbidity. AMI accounts for
1 do 2% of all gastrointestinal diseases. It is
thought that 1 in 100 patients with a clinical
picture of acute abdomen actually has AMI.
Mortality is between 60 and 80% (1). AMI is
a critical and sudden interruption of blood

77



Medical, Surgical and Experimental Approaches to Acute Mesenteric Ischemia and Reperfusion

Ischemia Reperfusion
Decreased Intestinal blood flow |

(occlusio AMS) |
Decreased cardial output

(NOMID) | |

anaerobic metabolism —_— mucosal lesion, bacterial translocation
( increase aAMP, lactate, Ca>™", decreased pH) l

Sepsis

\
v

Acute mesenteric ischemia MODS

Figure 1. Patophysiologic mechanisms during AMI

flow to the mesentery with funkctional and
structural changesin the intestine and distant
organs (2). This complex disease most often
affects the elderly population with advanced
atherosclerosis,with atrial fibrilation, heart
failure and other comorbidities.In people over
80yearsofage, AMIis a more common cause
of acute abdomen than acute appendicitis (3,
4). AMI can be divided into occlusive and non-
occlusive forms.(NOMI)
The occlusive form includes:

intestinal wall occurs after ischemia (11). Initial clinical
suspicion that is AMI is very important (12).

The goalis to shorten the time from the onset of symp-
toms and diagnosis to therapeutic treatment. Every 24-
hour delay doubles mortality (2). Survival is about 50%
when the diagnosis is made in the first 24 hours, but
depends alot on the AMI subtype. For example: improve-
ment of perfusion and vasospasm in NOMI will enable a
favorable outcome in a significant percentage of patients.
MVT is considered to have a very poor prognosis. The
establishment of blood flow leads to reperfusion, which
often causes more damage than that caused by the pre-
vious ischemia. The shock wave of oxygen leads to the
oxygen paradox (Dual-Hit hypothesis) (13). Bad effects on
the organs can be reduced by the action of antioxidants
in that phase (14). In the literature this is known as an

Figure 2. Gangrene of intestinum Figure 3. Resection of gangrenous segment of
intestinum

* Embolization of superior mesenteric
artery(AMS) in 40-50% cases.

*Thrombosis of AMS in 25-30% cases.

* Mesenteric venous thrombosis (MVT)in 10-18%
cases.(in malignancy, necrotizing pancreatitis, myelo-
proliferative diseases, protein C and S deficiency, in-
traabdominal infection,venous trauma).

The non-oclusive form accounts for 20% of all cases
of AMI and is found in critically ill patients and in a state
of shock, sepsis, where there is hypoperfusion due to
the centralization of blood flow caused by the use of va-
soconstrictors (5, 6). Despite advances in diagnosis and
therapy, AMI remains a highly lethal disease for more
than 50 years with perioperative mortality of over 50%.
Overal survival has not changed for decades (7). One of
the main problems is the delay in establishing a diag-
nosis and starting treatment. The presentation of the
disease is catastrophic pain, the intensity of which does
not corespond to the palpation findings. The small intes-
tine is very sensitive to ischemia. The intestine requires
about 25% of the minute volume and the pain occurs due
to the disproportion between the needs and the amount
of available oxygen (8). In anaerobic conditions, pyruvate
turns into lactate, which irritates the nerves in the in-
testines (5, 9, 10). After 6 to 8 hours, there is a reduction
in pain due to nerve damage, there is an asymptomatic
interval that is temporary and marks the begining of
the disaster (11). With the duration of the interruption of
circulation, there is a violation of the intestinal barrier
and the occurence of bacterial translocation. Endotoxins
and bacteria cross the mesenteric lymph nodes and por-
tal vein and s systemic disorder occurs. Necrosis of the
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intestinal ischemia-reperfusion lesion.(IIRI).

In 1986, Parks and Granger were the first to describe
the harmful effect of reactive oxygen species created
during reperfusion, noting that reperfusion injury is
greater than ischemia itself (15). What sets this ischemic
reperusion injury apart from the same lesions on other
organs(myocardial infarction, cerebrovascular insult,
liver and kidney lesions) is the certain occurence of a
septic condition due to the already mentioned disrup-
tion of the intestinal barrier and bacterial transloca-
tion. Multiorgan dysfunction syndrome (MODS) caused
by combination of AMI and sepsis is the most common
cause of death (16). The mechanism of changes includes
oxidative stress, inflammation, the action of the micro-
biome (17, 18).

Acute mesenteric ischemia MODS

With the interruption of circulation, anaerobic me-
tabolism occurs. The level of adenosine triphosphate
decreases, acidity increases, disturbances in the opera-
tion of ion pumps occur, which leads to the activation
of phospholipase A2 and lipid peroxidation by opening
the mitochondrial transition permeable pore (mPTP).
Establishment of blood flow leads to the appearance of
reactive oxygen species (ROS). These highly reactive
substances can directly damage tissue by acting on the
level of mitochondria, but they also affect the infiltra-
tion of neutrophils through interleukins and adhesive
molecules and in the inflamatory reaction, also leading
to cell death (15, 16, 18).
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abdominal pain(100%) vomitus(48%)
blady diarrhoea (31%)

CRP(100 and more), leukocytosis,
increase value of D-dimer, hyperlacta-
temia (2 mmol and more)
IMA(ischemic modified albumin),I-
FABP( Intestinal faty acid protein),
D-lactat, L citrulin.

aperistalsis, dilation of intestinum,
pneumatosis of intestinal wall (19).

Clinical signs and
symptoms

Laboratory parameters

New serological bio-
markers of AMI

CT angiography (sensi-
tivity 94%), CT scan

Table 1. Diagnostic findings of AMI

iv resuscitation,NG tube,urinary
cateter, intravenous antibiotics,a
nticoagulans,opioids analgetics

exploratory laparotomy, resec-
tion of necrotic segments of
intestinum without anastomosis.
Embolectomy, thrombolysis,
stenting,by pass

Simultaneous work of abdominal
surgeon and vascular surgeon
ROMS( retrograde open mesen-
teric stent)

Basic(initial) treatment

Classical surgical treatment
(about 80%)

Endovascular treatment
(about 20%)

Hybrid treatment

Table 2. Therapeutic approach

Male rats (more than 85%of all
study), mice, cats, pigs

Occlusion of AMS, occlusion AMS and
VMS, low flow occlusion, Ligature of
AMS (rare), Porcine model (percuta-
neous or endovascular Embolization
of AMS, Murine mode l(segmental
vascular occlusion)

30 -90 minuts
90-120 minuts.

Table 3. Experimental approach. Occlusion of AMS is usually with
atraumatic clamp in most studies(25).

Animals models

Type of ischemia

Duration of ischemia

Duration of reperfusion

SOD(superoxide dismutase),
GSH(glutation), alfa tokoferol, melatonin
,minocycline,curcumin,cysteine, cande-
sartan...

Antioxidants

Antiinflammatory
and antiapoptotic
substances

Ghrelin, dexmedetomidin, levosimendan,
flurbiprofen axetil,,methylprednisolone...

sevoflurane, sesamin, ilo-

prost, astaxanthin, magniferin,
melatonin,sulphoraphane, papaverine,
albumin, albendazole,pentoxifilin, nitrat
vasodilatators, low molecular weight
heparin, nitroindazol, alopurinol, simvas-
tatin, diltiazem, dioscin, ethanol, estra-
diol, agmantin,glutamin...

Other substances

Table 4. List of substances with protective effects during AMI.

2.0BJECTIVE

The aim of this article was to present actual literal data
of clinical (patophysiology, diagnostic and therapeutic
approach of AMI) and experimental study on animals
which investigate AMI. Also, we want to mentioned phar-
macological supstances applied in experimental study
with protecting effects during ishemia and reperfusion
injury of mesenterium.

3.MATERIAL AND METHODS
We analysed recent articles on Pubmed ussed mesh
terms such as acute mesenteric ischemia, intestinal in-
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jury, reperfusion, experimental study, animals models,
clinical and therapeutic approach, and remote organs
injury.

4.RESULTS

Numerous pharmacological supstances have protec-
tive effects on inestinum and remote organs during acute
mesenteric ischemia in animal models (30).

5.DISCUSSION

CT angiography is the best diagnostic test for AMI
(sensitivity about 94%, specificy 95%) (19). On CT scan
we can see absence of peristalsis, thickening and pneu-
matosis of bowel wall. Pneumatosis is a sure sign of ne-
crosis. Laparotomy is consider as a gold standard, but
it si often late. Laboratory parameters are not specific,
but can indicate on development of an acute abdominal
surgical disease(leukocitosis, increase of CRP, D- dimer,
lactate). New serological biomarkers such as ischemia
modified albumin (IMA), intestinal faty acid binding
protein (I-FABP), D lactate i L citrulin are not yet used in
routine practice (Table 1) (20).

Therapeutic principle is mutidisciplinary approach-
cooperation of general or abdominal surgeon, vascular
surgeon, interventional radiologist, intensivist, accord-
ing to the recommendations of WSES (World Society of
Emergency Surgery). Corcos was initiated the establish-
ment Intestinal Stroke Center in France, 2016 year. Later
publications proved improved survival of patients with
AMI treated at such centers (22). Generous rehydration
is required (1-2 ml ringer lactate/kg/h), due to losses in
the intestinal lumen and peritoneal cavity. Correction
of metabolic acidosis and hypokalemia is also required,
then placement of nasogastric tube, urinar catheter to
measure hourly diuresis. Intravenous antibiotics and
anticoagulans (bolus of heparin) and finally surgical
treatment are applied. Surgical resections are performed
without anastomosis, (Damage control surgery) or if
ischemic changes are observed, revascularization is
performed. A hybdrid treatment is also possible in larger
centers- simultaneos work of abdominal and vascular
surgeon (Table 2). An alternative to the surgical approach
before the occurence of irreversible changes are antico-
agulans, thrombolitics, vasoactive drugs.

According to Fuglseth, timely anticoagulant treatment
enables recanalization in 80% of cases (6). Understand-
ing of pathophysiological processes and cascade that oc-
curs during ischemia and reperfusion can conntribute to
the development of new therapeutic strategies. Due to the
nature of the disease, (rapid deterioration in a short time
interval) is not possible for ethicals reasons to conduct
clinical studies. That is why experimental animal mod-
els were developed. Research therapy of AMI involves
a pharmacological approach, and in the last ten years,
many substances have appeared with some promising
results (23). There is also a non pharmacological ap-
proach such as pre- and post-condtitioning. Repeated
short-term ischemia and reperfusion make the target
intestinal tissue and distant organs more resistant to
ischemia-reperfusion injury (24).
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Experimental animal models

Most of the experiments were conducted on male Wi-
starrats. The age of the animals was from 6 to 18 weeks,
the weight of the animals was from 200 to 350 grams (25,
26). The most common and best described is the supe-
rior mesenteric artery occlusion model. The expected
period of ischemia is followed by release of the clamp
and a period of reperfusion. Reperfusion is recognized
by the appearance of pulsations, the establishment of
peristalsis and the light-red color of the intestines (26).
Microvascular, atraumatic clamps are used for occlusion
to avoid endothelial lesions and to adequately evaluate
subsequent reperfusion. The duration of occlusion is
between 30 and 90 minutes. Reperfusion time is up to
120 minutes. Taking into account the metabolic rate of
rats, this corresponds to clinical events in the human
organism, where it takes 6 to 8 hours to reach complete
ischemia and reperfusion (27). Experiments with com-
plete vascular occlusion were also performed. A porcine
model-percutaneous or endovacular embolization is also
used. This model is the closest to the clinical event dur-
ing acute mesenteric ischemia-the flow occlusion is done
internally(from the lumen) as an embolus or thrombus
does (25, 26, 28). Described works with segmental vas-
cular occlusion (clamping of individual branches) are
known as the Murine model (29). The most frequently
measured parameters of oxidative stress (SOD, catalase
(CAT), glutation (GSH), hydrogen peroxide, superoxide
anion radical), markers of inflammation (TNF-alfa, IL1,
IL 6)and endothelial dysfunction (Nitric oxide (NO), In-
tercellular adhaesion molecule-1, (ICAM-1), Vascular Cell
adhaesion molecule, (VCAM-1)). Liver enzymes (aspartat
aminotranferase (AST), alanin aminotransferase (ALT),
TBARS, (thiobarbituric acid reactive substances) were
examined (30). Tissue samples (ileum, liver, kidneys,
lungs and heart) are used for assesment of apoptosis.

Aplication of substances in experimental studies were
as pretreatment, (most common) in the phase of ischemia
(rare) and in the start of reperfusion (30). It is considered
that lesions of remote organs mostly arises during early
phases of reperfusion, about 1 to 6 hours by signaling
way Nuclear factor kapa beta (NF-kB). Most often is a
lesion of liver because of blood flow from mesenterium
through vena porte (31). Regarding patophysiology of
AMI it is develope different mechanisms of protection
(32). Numerous substances are ussed in experimental
conditions, some of them have shown excellent results
and were well tolerated. These agents can act on next
different mechanisms: antioxidative, antiinflamma-
tory, antiapoptotic, reinforcement of the cell membrane,
amplification of energetic resource of the cell (impact on
mitochondria) (Table 4) (14, 27, 30-36). List of substances
is not final because the effects of other substances are
examined on ischemia-reperfusion lesion of mesente-
rium and remote organ lesions.

6.CONCLUSION

Acute mesenteric ischemia still remain a clinical cha-
lenge because late recognition and delayed therapeutic
treatment are very often. Outcome of treatment actualy
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depends from interval between starting of symptoms
and starting of therapy. Surgical approach (laparotomy,
resection) have stilla dominant role in the treatment, but
there are more often endovascular treatment in the last
years. In the last decades there are more and more con-
servative-pharmacological approach in situations where
intestinum is still vital. This approacht arrising defence
from reperfusion injury and remote organ injury after
recovery of circulation. Most of study is experimental
and relate on pretreatment by pharmacological agents.
In the future we expect wider aplication of conservative
treatment on patients with AMI.
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