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ABSTRACT

Objective: Heart failure is commonly defined as a heart dysfunction associated with pulmonary alveolar blood flow and consequent inability to
ensure adequate blood supply to the tissues or to meet the body's metabolic demand. Currently, there is a considerable lack of experimental
uniformity for ischemic heart models as well as types of ischemia. Therefore, our objective is to summarize frequently applied methods that are
designed to evaluate ischemic heart diseases. A systematic search was conducted to review experimental models according to keywords. In general,
iatrogenic and transgenic cardiomyopathy models were used inthe literature. These models were designed to generate global and regional ischemia.
Our review is conducted to evaluate experimental models with the intent of improving the modelling of ischemic heart diseases. Poor modelling can
contribute to high mortality and morbidity rates in cardiology. Given the wide range of models available, the future animal models of ischemic heart
failure will potentially provide more efficient and reliable preventative measures in the fight against complex cardiovascular diseases.
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1. INTRODUCTION

Ischemic heart disease is one of the most common causes of
heart failure. Ventricular dilatation, hypertrophy, biochemical
changes, and edema develop as a result of weakening of
the pump capacity due to myocardial damage. In studies
conducted to date, two different ischemic models are
noted. The first is generally associated with cardiac arrest,
usually occurring during iatrogenic cardiopulmonary by-pass
surgery or global ischemia. Global ischemia is characterized
by increases in coronary flow occuring despite ventricular
fibrillation and the other is localized ischemia which is
associated with a localized myocardial infarction. There are
significant differences in biochemical and electrophysical
characteristics between these two types of ischemia (1-4).

2. METHODS

This study was conducted from 2011 and August 2019
in Pubmed database. We searched reviews and orginal
articles conducted in ischemic heart diseases to improve
the modelling of global or regional ischemia. We categorized
studies by using keywords including "animal models of heart
failure" in combination "myocardial ischemia reperfusion
injury". We summarized the outcomes of well-documented
protocols about global and regional ischemia.
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3. RESULTS AND DISCUSSION

3.1. Global Ischemia

Surgically induced global ischemia in humans is often used
in combination with cardioplegia formulations designed to
minimize myocardial damage. As a result, ischemia is a short
relief, however, when the cross-clamp in the aorta is removed
and the myocardium is reperfused, it is easily recycled. The
protective agents may be injected before or during the
induction of ischemia. When global ischemia develops due to
ventricular fibrillation or cardiac arrest, any protective agent
is less likely to be used before the onset of damage. There
is a prominent lack of experimental procedure showing the
onset time of the ischemia or reperfusion prior to the various
parameters of interest being monitored (5-7). However,
global ischemia/reperfusion (I/R) reproduces the effects of
I/R on the heart when the heart is arrested/restarted during
cardiac surgery (8). The Langendorff and the isolated working
heart models are the predominant experimental models of
acute global or regional myocardial I/R (8).

In order to study the effects of global ischemia/reperfusion
(I/R) isolated rat hearts have been widely used in several
studies. Inone study, working isolated hearts were exposed to
global I/R for 20 minutes before reperfusion, while in another
study non-working perfused isolated rat hearts were induced
ischemia for 25 minutes and then reperfused for 30 minutes

Copyright © 2019 Marmara University Press
DOI: 10.33808/clinexphealthsci.598928


https://orcid.org/0000-0001-5423-3641
mailto:dsinem.guden@gmail.com

Models of Ischemic Heart

(9-11). Ikizler et al. (2003) using crystalloid cardioplegia,
rendered rat hearts that were perfused in isolated Langerdorf
tissue and inoperative for 120 minutes, were then reperfused
for 30 minutes to investigate the protective effect of
trimetazidine, an agent that was reported to be protective
against ischemia in the cellular stage (12). Wishmeyer et al.
(2003) injected glutamine (alanine-glutamine dipeptide) to
Sprague-Dawley rats 18 hours prior to removing the heart
tissue. After the perfusion of the hearts, 15 minutes were
allowed for global ischemia induction and another 60 minutes
were allowed for the induction of the reperfusion (13). In a
study, isolated Sprague-Dawley rat hearts were perfused
with a modified Krebs buffer solution for 15 min to stabilize
the cardiac functions and then subjected to 30 min of global
ischemia, followed by 45 min of reperfusion (14). In the
streptozocin-induced diabetes model, the hearts of rats were
found to be equivalent to each other and were first exposed
to ischemia for 5 minutes at low flow and 25 minutes without
flow then reperfused for 30 minutes in order to study the
diabetes treatment drug, glibechlamidin's, effect on long
term I/R damage (15). In another study using isolated heart
samples exposed to 30 minutes of ischemia and 30 minutes
of reperfusion, a similar diabetic model was used to find
the role of protein kinase C translocation during I/R injury
(16). Jungi et. al. (2018) studied the effect of the inotropic
Ca2+- sensor protein (S100A1) overexpressing hearts. They
used isolated rat hearts perfused in working mode and
subjected them to 28 min ischemia (37 °C) followed by 60
min reperfusion.

The effects of resveratrol, a pure antioxidant found in peas
and red wine, was evaluated in isolated rat hearts, which were
perfused in Langerdorff tissue, exposed to global ischemia
for 60 minutes and reperfusion for 60 minutes (18). Dyck et
al. applied three different protocols to isolated rat hearts; 60
minutes of aerobic perfusion, 30 minutes of aerobic perfusion
and baseline which is 35% reduced flow for 30 minutes of
perfusion, followed by 60 minutes of reperfusion to study
the effects of malonyl coenzyme, a decarboxylase inhibition
(19). In isolated rat hearts studied at a flow rate of 0.4 ml /
min (low speed), the effects of both neuronal ATP-sensitive K
+ channels and extraneuronal monoamine delivery systems
were evaluated (20). Wistar rats were subjected to warm
global I/R using a pressure-controlled Langendorff system
and performed 0, 15, 30 and 40 min of ischemia with 30 min
of reperfusion, respectively. This study seeks to determine
the role of ischemia periods on respiratory chain functions
and Ca2-handling of cardiac subsarcolemmal mitochondria
(22).

In the isolated hearts of Japanese white rabbits, the
development of continuous myocardial energy metabolisms
for 45 minutes during normothermic global ischemia was
found to be cardioprotective (22). Isolated isovolumic rabbit
hearts were exposed to global ischemia for 15 minutes
and reperfusion for 30 minutes in hypercontrusion studies
which are phenomena that occur in the myocardium at the
beginning of reperfusion (23). Another study used isolated
hearts from adult New Zealand rabbit. The hearts were

Clin. Exp. Health Sci. 2019; 9:358-365

359

| Review

placed into cold (4 °C) Krebs-Henseleit solution following to a
Langendorff apparatus and perfused with the same solution
to analyze various electrogram parameters which were
recorded simultaneously by a touch-less method using the
orthogonal lead system. The experimental protocol consisted
of 25 min stabilization, 5 min the rotation of the heart, global
ischemia and reperfusion (each 10 min long) (24).

Pigs were often used in myocardial I/R studies during
cardiopulmonary by-passes to make it more similar to
global ischemia. The protocols established for ischemia and
reperfusion have changed with different studies. Castella
et al. exposed the pigs to normothermic global ischemia
for 30 minutes during infusion of buffered or unbuffered
cardioplegic solution enriched with glutamate and aspartate
followed by aortic clamping for 30 minutes (25). In order to
mimic the ischemic time, ranging from 40 to 90 minutes,
a team with surgical experience was employed in their
laboratory (26-28). In order to form hypoxia, newborn pigs
were exposed to 8% oxygen ventilation in nitrogen using
hypoxic myocardial modeling. Myocardial damage in these
animals was evaluated according to the cardiac troponin |
concentration in the blood (29).

In a study of type 2 diabetic rats, the phosphodiesterase-5
inhibitor tadalafil was found to be protective against
myocardial I/R damage and attenuated oxidative stress. Adult
diabetic male mice and control rats were used in this study.
Diabetic rats were randomly treated with dimethylsulfoxide
(0.2% i.p.) or tadalafil (1 mg/ kg tadalafil i.p. dissolved in 10%
DMSO) for 28 days. At the end of 28 days, the mice were
killed and their blood collected to look at the biochemical
parameters, and heart tissues were isolated to gather more
information about the damage. Langendorff generated global
I/R damage in mice with this method. Under anesthesia, the
hearts of mice were rapidly removed from the thorax and
perfused with heparin after being placed in a small plate
containing ice. The aortic patency of the heart was quickly
connected by a 20 gauge non-sharp needle using Langendorff
perfusion system. After the bonding process, the heart was
perfused under continuous 50 mm-Hg pressure in a Krebs-
Henseleit solution. The solution was comprised of 118 mM
NaCl, 24 mM NaHCO3, 2.5 mM CaCl2, 4.7 mM KCI, 1.2 mM
KH2P0O4, 1.2 mM MgS04, 11 mM glucose and 0.5 mM EDTA.
A gas mixture of 95% 02 - 5% CO2 (pH 7.34 - 7.49) was
passed through the perfusion solution continuously in a hot/
cold bath. Heart temperature was monitored continuously
and throughout the experiment a temperature of 37 °C was
maintained. After a 30 minutes of stabilization period, the
heart was exposed to global ischemia by clamping the aortic
cannula-dependent perfusion tube. Reperfusion was initiated
by opening the aortic cannula and continued for 60 minutes.
After the end of reperfusion, the heart was removed from
the Langendorff apparatus, weighed and frozen at - 20°C.
The frozen heart was then divided into 7-8 vertical pieces of
equal length and was incubated at room temperature with
10 mM trifenyltetraazolium chloride (triphenyltetrazolium
chloride; TTC). After the TTC solution, it was incubated in
10% formaldehyde and the infarct size and risk area were
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combined for 4 to 6 hours before they were measured by
computer. The risky region was calculated according to
cavities in total ventricular area and ventricular area. Infarct
size was calculated according to the percentage of risky
regions (30, 31). In other methods of I/R injury of the isolated
working perfused rat heart was subjected to constant left
atrium pressure and aortic pressure. Then the control hearts
were subjected to 35-min normothermic global ischemia
followed by 5-min Langendorff perfusion with subsequent
30-min reperfusion according to a modified method of
Neely. The experimental group of hearts was perfused for
5 min with Krebs-Henseleit buffer in Langendorff after global
ischemia (32).

3.2. Regional Ischemia

During infarction or regional ischemia, the functioning of the
pump must be maintained. Great efforts have been made and
are still underway in cardiovascular research to find physical
and pharmacological interventions to reduce the size of
the infarct, maintain the normal contractile ability of living
tissue, accelerate healing of damaged tissue, and stimulate
growth and / or regeneration of living tissue. Experimental
models to achieve targets should be similar to the situation
observed in the clinic, if possible. In many experiments, it
was assumed that there was an area of regional ischemia,
including very heavy ischemic tissues with tissue damage as
well as tissue damage in the affected area to assess tissue
damage and / or decrease in size of the infarction. It is
assumed that moderately damaged tissue forms a boundary
region around the heavily damaged core. This border region
is the target for many interventions. There are also many
experimental models such as acute infarction models in
which this border region does not exist. There is a definite
but irregular transition from normal to ischemic myocardium
(33). In males, there are differences, such as the absence of
a moderately damaged area in illnesses with coronary artery
disease, and acute infarction models applied to healthy
animals may be problematic.

Ligation of diagonal or marginal branches of the left anterior
descending coronary artery provides insight into the systemic
influences on the heart after myocardial I/R or Ml in different
animal species(8, 34). Inthis procedure, anesthetized animals
were subjected to left thoracotomy to expose LAD, and then
a suture or occlusion device was used to either temporarily
occlude or permanently ligate the LAD or a branch of the
LAD (8, 35). "Closed chest" methods were also used to study
transient or chronic LAD occlusion (8, 36). Until recently, dogs
were widely used to produce coronary artery disease and
myocardial I/R injury as an animal model, but this seemed
suspicious because the coronary vessel system of pigs was
more similar to that of men (37). The right coronary artery
and the left main coronary artery (LAD) in pigs are similar
in males and less similar to the left circumflex artery (4). In
dogs, approximately 40% of the myocardium is located in the
right circumflex and LAD and approximately 15% in the right
coronary artery, respectively. In addition, branching models
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in the coronary artery, pupilla muscles and nodal conduction
are more similar in males and pigs (38, 39). In dogs, there
are 3 or 4 relatively large subepicardial anastomoses assisting
the coronary system. Pigs have a slightly smaller endocardial
anastomosis between the right and left coronary arteries.
Although the condition in humans appears similar to both
pig and dog, it is more similar to the coronary system of pigs
(4). The evidence is the progressive stenosis in the coronary
arteries for complementary stimulation (40).

The blood flow in the major coronary arteries was cut
acutely in pigs, sheep, and rabbits, and the anastomoses
were insufficient to prevent necrosis and/or fatal ventricular
arrhythmia. Following acute ligation, the survival rates
of dogs, mice, and rats were found to be equal (4, 41).
The location of the specific coronary artery is difficult to
determine precisely, because the coronary vasculature in
rats and mice can be from the epicardial to the subepicardial.
Since a practical point of view has been developed, acute
ligation of the coronary arteries in these species is performed
in the general location of the coronary artery and by suturing
with a tight connection to the myocardium containing the
entire area with the vessel (41).

Although the cross branches of baboons are collected in a
third main coronary, the coronary blood flow is very similar to
that of humans. As a result of coroner ligation, marked lesions
and changes in tissue were observed in baboons. There are
no clear boundaries in this area (40). The occurrence of
myocardial necrosis and infarct-like lesions were occasionally
recorded in baboons without atherosclerotic coronary
artery disease. These lesions are thought to be endocrine/
neurogenic rooted due to stress and severe catecholamine
release (40).

A number of detailed devices have been discovered to create
a coronary occlusion. These tools include a chrome-plated
silicon rubber plunger that is bent to fit the pressure plate
with a non-rusting steel pressure plate. In order to improve
the mobility of the coronary artery in the heart, there is a
need for a 12-inch 17-gauge non-rusting steel pipe system
with a thin wall in the form of a hook. The end part of the
pipe system is covered with silver to fit the set of assembly
mounted (polymethylmethacrylate) at the solid side. The
plunger is plated with silver for the second time in order to
remove the chrome-plated plunger from the thin-walled pipe
system and to maintain the constant pressure of the spring-
loaded metal part micrometer axis. This tool is designed to
create linear pressure in the cross-sectional area. Italso has a
direct drive arm for fully clogged vessels inside the instrument
when it is not manually operated. It has been reported that
the instrument is impeccable, easy to wear and usable,
and produces specific stenosis when used simultaneously.
Another technique is the use of 00 nylon sutures which rotate
around a very small ring, and each has two plastic blocks at
the end. The two plastic blocks are mounted on the co-metal
bars, one of which can be removed and the turning diameter
can be changed. The distance between blocks can be fully
measured with the Vernier caliper. The relationship between
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this distance and the radius of rotation is linear. A band of
2-3 mm width can be passed around the arteries; then a
steep tube is taken to the machine's micrometer. Repeated
reproducible stenosis has been reported with this technique

(4).

Ameroid constructors have also been used in many different
animal models to produce graded stenosis. Placement of it
requires a thoracotomy and dissection of a coronary artery.
This arterywas occluded in 3-6 weeks with collateral circulation
(42, 43). The expansion agent in this material is hydrophilic
ameroid casein. The material usually contains a solid capsule,
which makes the vessels dilate by damaging the surrounding
vessels as the material moves inward. Experience is required
for the equipment. If 30% or more contraction occurs after
the first 48 hours after administration, it becomes difficult
to perform basal measurements at the perioperative after
operation. The degree of stenosis formed cannot be adjusted
and cannot be predicted. Almost all kinds of materials used
on the outer surface of avein cause hardening of the arteries,
formation of moderate hypertrophy and also some reactions
such as stenosis. In this technique, the degree of stenosis
cannot be adjusted and it is unpredictable (41).

The most useful tool for creating acute vascular congestion
is the tool discovered by Khouri and Greggin (1967) which is
a version of inflatable clamps (44). Later, a hydraulic stopper
was designed by In Vivo Metric Systems, (Healdsburg, CA).
This tool is very useful when it is used in the direction of
current flow depending on the transducer, so the congestion
can be adjusted and measured.

Another technique is that coiling/gelfoam placement into
the LAD in pigs. This method has no need for a thoracotomy
for the placement of a suture around a diagonal branch.
For reducing the suture complications like inflammation
and development of collateral circulation, percutaneous
transcatheter occlusion of coronary arteries has been
facilitated by the development of platinum coils (Tornado
Embolization Coils, Cook Group Inc, Bloomington, IN) (34).

Cryoinjury models (new model of myocardial infarction) are
yielding promising results for the evaluation of left ventricular
(LV) geometry, function with echocardiography, and
assessment of electrophysiological remodeling or arrhythmia
risk in mice, rats, and rabbits. A liquid nitrogen probe was
applied for 20 seconds 15 times on the left ventricular wall
(34, 35, 45).

Very different coronary ligation techniques were used in
dogs. Ischemic preconditioning was established by two-stage
ligation at a distance of 2 cm from the center of the LAD
coronary artery (4/ Elzinga and Skinner found a U-shaped
clamp that fits around the vessels to form clogs in the
coronary artery and clamped the ends with the screw (46).
This model is still an acute ligation model. Similar results
can be obtained by wrapping a flow breaker slowly around
the vein (4). Lekx et al. performed a decrease in LAD current
by using a Doppler-flow inducer in dogs and by squeezing it
with a bond until the desired reduction in flow was achieved
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(47). Stenosis was provided within 3-10 weeks. In this model,
perfusion capacity was measured by adenosis infusion and
was found to decrease significantly.

As mentioned earlier, ischemia and reperfusion times vary
considerably in each experimental protocol, and at the same
time, these values are rarely rational. For example, dogs were
exposed to LAD occlusion for 15 minutes at a time that was
followed by reperfusion for 60 minutes (48). In another study,
60 minutes of LAD obstruction was subjected to 3 hours
of reperfusion and in a study, the left circumflex coronary
arteries of the dogs were blocked for 10 minutes and their
hearts were reperfused for 24 hours (49, 50).

In order to clog the LAD for 45 minutes in pigs, clamps
were used and then allowed for reperfusion for 6 hours
(51). Following the acute ligation of proximal LAD, the use
of a stent in the left ventricle as a coronary shunt provided
adequate blood flow to the epicardium but failed to provide
adequate blood flow to the endocardium (52). In another
study with pigs, the clamps were placed on the left side
of the left circumflex artery and epicardial radio-opaque
markers were used. After surgical interventions, the animals
recovered were sedated and placed in the basal area and then
clamped to form a coronary occlusion. Refractory ventricular
fibrillation was detected in 6 pigs with 45 minutes of coronary
occlusion and these results were confirmed by experiments.
Postmyocardial infarction was studied on living animals for
10 days (53). Permanent ischemia was created in another
group of pigs for 2-3 weeks in the left circumflex artery (54).
An ameroid constrictor was applied to the left circumflex of
94 pig (55). The non-occlusive coronary stenosis model in the
pigs was formed by inflating the angioplasty balloon into the
proximal LAD (56). Models related to clinical conditions in
pigs were created by continuously eroding the epicardial LAD
endothelium with the balloon and with a 50% FeZI3solution
(57-59). The solution was diffused into the wall of the vessel
that damaged the endothelium and triggered the thrombus
(59).

In small pigs, an infusion catheter was placed between
the second and third cross branches of the LAD. Firstly, 1
polystyrene microspheres, followed by an increase in ST-
segment elevation in the ECG showing ischemia symptoms
were infused with increasing doses of microspheres
(60). Controlled LAD flow was reduced to about 20%
and dobutamine was injected to increase heart rate and
contractility to induce ischemia (19).

Sheep were used in the experiments to generate the left
circumflex coronary artery and the LAD ligation (61-63). In
rabbits, 30-minute ischemia was reperfused for 170 minutes
and ischemia for 30 minutes, reperfusion for 120 minutes,
and later in order to precondition 5 minutes of ischemia
and 10 minutes of reperfusion was performed to create
local infacts (64, 65). Thoracotomy was performed on the
rabbits which were cooled to - 70 ° C using circulating nitric
oxide in a 1.2 cm thick cryoprobe under anesthesia. After
reaching the temperature, an anterolateral left ventricular
wall was inserted into the epicardial area for 3 minutes
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and a transmural cryosurgical lesion of approximately 1.5
cm thickness was detected. The thorax was closed and
the animals were expected to recover for 2 weeks before
they were used in experiments to perform bone marrow
transplantation or intracardiac transplantation (66).

LAD is attached in rats by thoracotomy. The rats were
expected to heal and these animals were used in the
experimental protocol to be performed after 3 and 4 weeks
(67, 68). In a later study, reperfusion was applied to the left
ventricular main artery of the rats for 25 minutes followed
by 3 hours reperfusion and the size of the infarct was
evaluated (49). In order to investigate the protective effects
of synthetic xanthine derivatives on myocardial damage, rats
were allowed to reperfusion for 120 minutes and to coronary
ligation for 30 minutes (69).

Attempts have been made on rats to model a clinical
condition leading to regional ischemia followed by ventricular
fibrillation (global ischemia). Ventricular fibrillation was
induced 4 weeks after the first coronary arteries of the rats
were narrowed and the myocardial function of the animals
was evaluated at the end of the experiment (70). In another
study, the hearts taken 4 weeks after coronary ligation
were subjected global ischemia for 25 minutes within the
Langerdoff samples and 3 hours reperfusion afterward (71).
Isolated perfused rat hearts were used to study the effect
of 1/ R injury on apoptosis and infarct size. The hearts were
ensured to receive damage to global ischemia, repeated three
times, for 35 minutes each until the congestion in coronary
arteries occurred followed by 120 minutes of reperfusion
(72).

Mice are used with increasing frequency to investigate the
changes in gene expression associated with heart failure
(4, 73). Specific genes are replaced or mutated to show the
changes in gene expression associated with heart failure
because of the ability to use specific knockout or knockin
transgenic models in mice (35, 73, 74). Additionally, one of
the most widely used methods is the occlusion of the left
anterior descending coronary artery and then reperfusion
of the artery (35). On the other hand, it was thought that
heart failure resulting from patients with comorbid diseases
including hypertension/hyperlipidemia/obesity/diabetes (73).
In combining, these models with existing surgical techniques
to create myocardial infarction models in mice, it was often
necessary to suture to the site of LAD and distal to the
atrioventricular junction. This technique is used to prevent
the inhibition of proinflammatory cytokines by pioglitazone
treatment in streptozotocin-induced diabetic mice, assessing
the effects of angiotensin Il receptor blockade, to prevent
the cardiac rupture, to compare the effects of targeted
deletion of p53 by using mice containing gene+/~ p53 and
mice containing p53+/+(and to study the role of inducible NO
synthase by using iINOS-+ (75-78). Thakkar et al. used mouse
models to investigate the effect of diet-induced obesity on
inflammation and healing following myocardial I/R (79). After
1 hour of LAD restriction, they provided blood flow back
and tested the animals 1, 3, and 7 days after reperfusion. In
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order to find the role of Rho-kinase and Rho A in 1/ R injury,
male CD1 mice were exposed to coronary obstruction for
30 minutes and reperfusion for 24 hours (80). The effect of
isoflurane-induced myocardial protection was studied after
30 minutes of coronary occlusion in rats and reperfusion for
2 hours or 2 weeks (81). TNF-a+ rats were used to find the
role of TNF-a + after the reperfusion on the 3,7,14 and 28
days of the experiment (82).

Guinea pigs are considered as the best animal model to study
atherosclerosis induced MI, because of their similarities to
humans. Recently, Dasagrandhi et. al. (2018) investigated
myocardial damage in male guinea pigs exposed to I/R injury.
In this study, after the anesthetization of guinea pigs, left
thoracotomy was performed by making a small incision into
the 4th and 5th intercostal space through the ribs. The LAD
was ligated using 5.0 catgut sutures. At the end of the 30 min
of ischemia, the ligature was removed for 24 h and 7 days
reperfusion periods and thoracotomy site was sutured. They
suggested that a high-fat diet followed by I/R injury proved
to be an efficient model in the pathophysiology of myocardial
I/R injury (83).

Surgical clipping of the coronary artery method has been
further modified. In this method, a left coronary artery is
repeatedly subject to the several short-term ischemia and
reperfusion period and then permanently occluded to study
ischemic preconditioning of the heart (35). Experimental
protocols also exist with ischemic postconditioning which
reduces the size of the infarction. For example, several
intermittent short-term periods of coronary occlusion (30
s) at the beginning of reperfusion followed by prolonged
occlusion have been studied in different animal species over
the course of the experiment (74).

Van den Bos et al. used 2-3 mm cryoprobe to create a
transmural, cone-shaped infarcts and after coronary ligation,
he often found apical aneurysms of various sizes. In the
4 weeks following the injury, changes occurred as a 3 mm
shortness of cryoinfarction's LV infarction shortness, a
decrease in contractility, and progressing LV model (84).

4. CONCLUSION

Our review is conducted to evaluate experimental models
to improve modeling of the ischemic heart diseases that
can cause high mortality and morbidity rates in cardiology
clinics while noting significant differences found in regional
and global ischemia models in terms of biochemical and
electrophysical characteristics.
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