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ABSTRACT

Scientific 42 articles were analyzed, which for analysis were taken from scientometric databases: Web of Science, Scopus, PubMed, Medline, on topics related to: heart remodeling,
treatment of myocardial infarction with type 2 diabetes mellitus and heart failure. Analysis of current medical studies and the data obtained indicate both availability in the
usage of new HF biological markers — suppressor of tumorigenesis 2 (ST2), and the efficiency in the use of antagonists of miniralocorticoid receptors and sodium-glucose
linked transporter-2 inhibitors, which is complicated by HF and type 2 diabetes by slowing down the processes of LV myocardial remodeling, which promotes control of blood

pressure and fluid volume and causes a decrease and gradual regression of HF regardless of its origin.
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INTRODUCTION

Cardiovascular disease (CVD) is a leading cause of death
worldwide [1,2,3]. According to the data of the World
Health Organization, annually 18 million deaths are reg-
istered worldwide due to the pathology [2,3]. The coun-
tries of Europe and the USA show examples of successful
struggle against this problem: within 20 years the mortality
rate has decreased by more than 50% [1,3].

Diabetes mellitus (diabetes) is an important risk factor
for acute myocardial infarction (MI). Although modern
MI treatment has significantly favoured survival for both
patients with and without diabetes. The presence of di-
abetes doubles twice as much the risk of mortality rate
in the acute phase of MI and with long-term follow-up
of patients. Higher risk of mortality among those with
diabetes indicates a special need for better options in
treating such patients and suggests that intensive med-
ical treatment, long-term follow-up and strict control
of other risk factors should be carefully performed and
maintained [4, 5, 6].

The risk of CVD (myocardial infarction, stroke, periph-
eral vascular disease) is twice as high in patients with type 2
diabetes compared with patients who do not have diabetes.
Besides, CVD is a major cause of mortality among patients
with type 2 diabetes [5].

THE AIM

The aim: review of current medical studies on diagnosing
and treatment of complicated comorbid pathology: acute
myocardial infarction (MI) complicated with heart failure
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(HF) of type 2 diabetes patients, with structural and geo-
metric changes in shape and function of the heart and the
possibility of their pharmacological correction.

MATERIALS AND METHODS

42 scientific articles were analyzed, which for analysis
were taken from scientometric databases: Web of Science,
Scopus, PubMed, Medline, on topics related to: heart re-
modeling, treatment of myocardial infarction with type
2 diabetes mellitus and heart failure. Research methods:
systematic approach, bibliosystematic analysis.

REVIEW AND DISCUSSION

The term “heart remodeling” was suggestesd by N.Sharp
in the late 1970’s to refer to heart structural and geometric
changes after acute myocardial infarction (MI).

The main geometric types of left ventricular (LV) remod-
eling are related to the conditions under which they are
developing. Pressure overload (aortic valve stenosis, hyper-
tension) leads to increase in the number of sarcomeres and
thickness of cardiomyocytes, wall thickness and formation
of LV geometry concentric type. Volume overload (valve
regurgitation) leads to the increase in the length of cardio-
myocytes, decrease of wall thickness, increase in its volume
and formation of LV geometry eccentric type. Myocardial
infarction (MI) is a combination of pathogenetic mecha-
nisms when stretching and enlarging the area of infarcted
tissue leads to an increase in LV volume with overload and
pressure of uninfected myocardial sections [7, 8].
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The myocyte is the main cardiac cell involved in the
remodeling process. Other components involved in heart
structural change are interstitium, fibroblasts, collagen,
coronary vessels.

Pathogenetic postinfarction remodeling is a special type
of left ventricular remodeling (LV) that develops in the
result of increase in pre- and postload on the myocardium,
increasing of the size of the left ventricle and hypertrophy of
a healthy viable myocardium [7,8]. An increase in preload
leads to a phenomenon of infarct expansion and increase
in the volume of a healthy ventricular wall that is “resisted”
by the infarcted ventricular wall [7]. The contraction of the
heart muscle is not symmetrical because of the fact that
necrotized segments lose their ability to contract [8]. Asa
result, the force generated by the unaffected myocardium
during contraction is not counterbalanced by a similar ret-
roactive force. As a consequence, the “infarcted” wall of the
LV is stretched by the force of healthy walls contractions,
which is not distributed evenly throughout the ventricle
[7]. Thus, the situation is formed when the “infarcted” area
must counteract a greater force of a healthy myocardium,
which leads to asynchronous movement of the ventricular
walls [7,9]. However, some affected segments may return
to normal contractile capacity, though not immediately,
but within months after the M1, it is the case of so-called
“hibernated” myocardium (reperfusion injury reverse).
However, under transmural myocardial lesions, some seg-
ments still remain dis-, hypo-, or akinetic, thereby causing
permanent regional contractile dysfunction [8,9]. It has
also been shown that in order to maintain a normal stroke
volume with a reduced number of normally functioning
segments, a healthy myocardium is forced to produce more
pressure required to increase the postload on a healthy
myocardium [7].

Myocardial remodeling is commonly developping in
patients with ST segment elevation myocardial infarction
(STEMI), where the scar is transmural. There are many
predictors of this phenomenon and they can be evaluat-
ed by a variety of visualizing (ultrasound, CT, MRI) and
laboratory techniques. The best predictor of remodeling is
undoubtedly the size of infarction, which can be measured
by the percentage ration to the mass of myocardial mass
[10]. During acute MI, serum troponin I and MB fraction
of creatine phosphokinase correlate positively with MI
size; their very high levels may indicate an increase in
the volume of cameras, as well as a decrease in global and
segmental contractility [9,10].

The development of postinfarction LV remodeling puts
the patient at risk of sudden cardiac death (for instance,
due to the development of fatal arrhythmias) [11]. Quali-
tative disorders of LV geometry and myocardial structure,
together with the increased process of fibrosing of the heart
walls, may lead to possible extraconductive transmission,
which can contribute to the development of arrhythmia by
the mechanism of micro- and macro-re-entry [7, 11]. It is
also proved that structural changes can increase the elec-
tric automatism of cardiomyocytes [11]. There is sufficient
evidence that eccentric LV hypertrophy is associated with a

threefold increase in the risk of major cardiovascular events,
including sudden death, recurrent heart attack, heart failure,
stroke [7, 8, 11]. Scar expansion often results in pronounced
dilatation of the ventricle and aneurysm, the wall of which
consists of myocardial segments, which are usually akinetic
[10].Slow blood flow in the aneurysm can lead to thrombus
formation. LV thrombosis is usually asymptomatic but is
often associated with a high risk of systemic thromboembo-
lism, including transient ischemic attacks and strokes [8,10].

Thus, taking into account things mentioned above, it
should be emphasized that myocardial remodeling occurs
by restructuring of components - cardiomyocytes, their
vessels and the intracellular matrix [7, 10]. Normally, the
wall of the ventricle consists of three layers of fibres: longi-
tudinal, circular, and helical, which rotate from subepicar-
dial to subendocardial layer ranging almost to 180 degrees.
In a healthy myocardium, the thickness of all three layers
is identical. [7,8]. All the fibers consist of tightly grouped
cardiomyocytes. The layers of the fibers are separated by
furrows. The laminar architecture of the myocardium is due
to a complex system of extracellular matrix proteins and
fibrillar collagen. Approximately 85% of all cardiac collagen
is type I collagen, which has contractile force [10]. Type I1I
collagen occupies 11%; it is formed as thin filaments and
provides elasticity of the walls. Based on the morphological
characteristics, the entire cardiac matrix can be divided
into three components: epic, peri, and endomyzes [12].
Epimysium is located on the endocardial and epicardial
surfaces and supports meso- and endothelial cells. The
perimysium surrounds the muscle fibers and therefore
connects the muscle fibers together. The endomysium
diverge from the perimysium and surrounds separate
muscle fibers. Endomysium binds muscle fibers and supply
nourishment [7, 12]. Postinfarction magnetic resonance
mapping shows the disappearance of subendocardial fibers
and hypertrophy of the subepicardial layer in the affected
segments. Zones without muscle fibers refer to a postin-
farction scar. Cardiomyocytes at those places are replaced
by collagen [10, 12]. Hypertrophied cardiomyocytes are
longer than other normal heart cells and surround the scar
area, although they may also be present in remote areas of
the myocardium. This type of hypertrophy is called eccen-
tric. In this case, the deterioration of the ventricle due to
volume overload is observed [9, 10]. Due to the extremely
limited regenerative supply, hypertrophy that occurs in the
postinfarction period is accompanied by an increase in the
extracellular matrix (ECM), which is mostly composed of
collagen fibers [7, 10]. It is due to the increased activity of
cardiac fibroblasts, which are activated by various fibro-
genic mediators [8,9]. Increase of the load on the walls in
infarcted myocardium leads to thinning of the affected
wall by Laplace law and activates the synthesis of collagen
by fibroblasts. Extension of the ECM reduces the load on
cardiomyocytes but impairs their contractile function [13].
As a result, there appeares negative correlation between
ECM volume and left ventricular (LV) ejection fraction
(EF) [12, 13]. There is also evidence that ECM volume
correlates positively with mortality [10,13].
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The term “myocardial remodeling” was suggested to
characterize the response of the myocardium to the de-
velopment and progressing of acute myocardial infarction
to chronic heart failure (HF) [14]. Regardless the fact that
remodeling is most commonly associated with cardiovas-
cular events, its effects are directly dependent on the size
of the necrosis [8, 15]. Postinfarction remodeling develops
in 30% of patients with MI, and as it is a predictor of HE,
this phenomenon is considered prognostically unfavorable
[8,12,14]. Low-EF HF affects more than 20 million people
worldwide [15]. Left ventricular HF within the patients
older than 65 is the leading cause of hospitalization. Re-
cently, It was noticed recently, that there exists a different
category of HF — HF with functioning EF. [10,12]. Such
kind of patients is represented by a completely different
phenotype with biochemical features different from tradi-
tional ones. Therefore, it became necessary to identify the
characteristics and predictors of both negative myocardial
remodeling and recovering myocardial function of patients
with HF after AMI. [12,13]. Clinical symptoms of HF are
also the consequence of cardiac remodeling, which in-
cludes damage of cardiac cells and extracellular matrix 7]
followed with cell hypertrophy, apoptosis and necrosis of
myocytes, activation and proliferation of fibroblasts, which
ultimately leads to fibrosis and myocardial dysfunction.

Among patients with HE the evolution of the disease
and response to therapy differ as well as the consequences
that depend on the cause of the HE, the pathophysiolog-
ical characteristics (systolic or diastolic dysfunction), the
severity of HE, the speed of its progression. [16,17]. In
diabetes, postinfarction impairment of heart pumping
function is usually associated with a subclinical distur-
bance of LV function that occurred before MI [8,17]. In
the stage of acute ischemia, patients have “compensatory”
hyperkinesia of the myocardium unaffected areas; this
hyperkinesia can normalize the overall ejection fraction
and correlate with hemodynamic status and survival of
patients [10]. A number of studies show that after MI
LVEF [7] and regional EF of intact myocardium [17,18]
are lower in diabetes than without it. The results of early
angiography in TAMI (Thrombolysis and Angioplasty in
Myocardial Infarction) studies show that the function of
the ventricular myocardium intact sections in diabetes is
worse than when it is absent [18,19,20].

Speaking about pathogenic processes of myocardial
remodeling, a special group of patients, namely, the in-
dividuals with high and very high risk of fatal cardiovas-
cular events, individuals with MI and concomitant type 2
diabetes [4,18,20] should be of special interest. Chronic
hyperglycemia promotes morphofunctional myocardial
remodeling, which leads to diabetic cardiomyopathy
(DCM). DCM is described as HF with functioning LVEE,
the first distinguishing feature being diastolic dysfunction
(DD) in combination with concentric cardiac hyper-
trophy. [4,20,21]. DCM initially reveals as a decrease in
the elongation of the left ventricle on the background of
normal systolic function [21,22]. Asymptomatic disorders
of diastolic function develop in 27-69% of patients with
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diabetes mellitus (microcirculatory disorders in this case
are either absent or poorly expressed) [22,23]. Concomitant
arterial hypertension develops in diabetic patients about
twice as often as in general population [24], and more
grave cardiomyopathy were noticed within them [22].
Hypertension leads to LV hypertrophy and helps to reduce
its elongation [22,24]. However, dysfunction of diastolic
relaxation in diabetes patients was also registed in the
absence of concomitant hypertension [23]. Evident signs
of impaired systolic function usually occur with prolonged
diabetes, severe microangiopathy or concomitant arterial
hypertension [24]. Thus, DCM, occurring subclinically
without atherosclerotic lesions of large vessels, reduces the
compensatory capacity of the myocardium, which is not
damaged by heart attack. When the degree of myocardial
necrosis is the same, the clinical picture depends on the
severity of diabetic cardiomyopathy [22,24].

Because of the peculiarities of the pathophysiological
processes that lead to the development of HF as a result of
myocardial remodeling after MI, there occurred the need
to stratify the risk of prognosticaliy unfavorable myocar-
dial changes based on certain parameters. Besides clinical
signs which refer to existing assessment prognostic scales,
recently biomarkers are also used [24,25].

Biomarkers can be useful for diagnosing proceses, choice
of the way of treatment, in monitoring treatment efficacy
and predicting outcomes of the disease due to their high
sensitivity and specificity in case of thorough laboratory
controle. Within the patients with HF, the evolution of
the disease and the response to therapy differ as well as
the consequences that depends on the cause of the HE,
pathophysiological characteristics (systolic or diastolic
dysfunction), the severity of the HE, the rate of its pro-
gression [25,26,27].

During two last decades, the prognosis and clinical
approaches to the treatment of patients with heart failure
have been based on the study of biomarkers such as B-type
brain natriuretic peptide (BNP) and N-terminal brain
natriuretic peptide fragment (NT-proBNP). NT-proBNP
is a highly sensitive to ischemia biological marker that
is secreted in the myocardial lesion and reflects profile
of myocardial structure and function disorders [25,27].
In addition to mechanical stretching of the ventricles,
there are probably other mechanisms that stimulate the
formation of NT-proBNP, namely: ischemia of different
localization, rhythm disturbance, myocardial hypertrophy,
endothelial dysfunction [27,28]. However, as an indicator
of adverse course of myocardial infarction, NT-proBNP has
low diagnostic specificity and sensitivity. Besides, in some
cases, especially in the presence of concomitant pathology,
the data of the biomarker was not always reliable because
such indicators as age, sex, renal function, body mass
index, thyroid function and anemia can effect it. [27,29].
The amount of NT-proBNP in the blood may also change
in case of a infectious diseases. Therefore, there is now a
search for new biomarkers capable of detecting HF at an
earlier stage, assessing the prognosis for the patient, deter-
mining the severity of the disease, possible consequences
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and response to the treatment. One of the most promising
among the new biomarkers is the suppressor of tumorigen-
esis 2 (ST2) [26,30,31]. It was discovered in 1989, but only
in 2002 Weinberg E.O. et al. reported that it can be secreted
by cardiomyocytes in response to biomechanical stress of
the myocardium, that attracts attention of researchers to
the role of this marker in the cardiovascular system [29,32].

ST2 is a member of the interleukin-1 receptor family
and exists in two different forms: transmembrane isoform
(ST2L) and soluble isoform (ST2). ST2 is an interleukin-33
(IL-33) receptor, which is an IL-1-like cytokine secreting
with living cells in response to their damage. The main
function of ST2 is the potentiation of interleukin 33
(IL-33) effects, which exerts its effect by binding to the
isoforms of the transmembrane receptor ST2L.It was
proved experimentally that interaction of IL-33 and ST2L
is cardioprotective and reduce myocardial fibrosis, car-
diomyocyte hypertrophy, apoptosis, and improve cardiac
muscle function. [33]. This cardioprotective effect is per-
formed solely through the ST2L receptor and not through
the soluble receptor. The IL-33 / ST2 system is activated in
cardiomyocytes and fibroblasts in response to myocardial
damage, sST2 binds to IL-33 that competes with ST2L. The
interaction of this soluble receptor with IL-33 blocks the
IL-33/ ST2L system and, as a result, eliminates the cardio-
protective effects described above, and sST2 is considered
to be a bait receptor [34]. Thus, the ST2 system acts not
only as a mediator of IL-33 function in its transmembrane
isoform ST2L, but also as an inhibitor of IL-33 due to its
soluble sST2 isoform [30,32]. However, a sharp increase in
ST2 levels in the damage is accompanied by suppression
of the favorable antihypertrophic effects of IL-33 [33].
Therefore, the reasout of ST2 in MI may have prognostic
value for patients, as it will allow to evaluate the course
of the acute period and the possibility of complications.

The major sources of sST2 are cardiac fibroblasts and
cardiomyocytes, which release it in response to biomechan-
ical stress or damage, but there are also non-myocardial
sources of soluble ST2. Such sources of sST2 are endothelial
cells from both macrovascular (aortic and coronary) and
cardiac microvascular systems [31,32].

There is no currently a convincing evidence for the
treatment of HF with functioning LV EF, thus, interest to
detecting biomarkers that reflect multiple mechanisms
associated with the pathogenesis of syndrome of this HF
variant is growing [25]. Bhardwaj A. and Januzzi ]'s review
of the role of ST2 as a new biomarker of HF compares the
prognostic value of NT-proBNP and ST2 [26,27,32].

Considerable attention is paid to comorbid conditions,
especially with coronary heart disease in combination with
diabetes. The results of epidemiological studies indicate
that the risk of coronary complications in patients with
diabetes without coronary heart disease can be compared
with the risk in patients who already have clinical manifes-
tations of coronary heart disease [18,29]. Such patients may
have no clinical symptoms or signs of moderate diastolic
dysfunction at an early stage, and shortness of breath,
fatigue, weakness and swelling of shin may develop in the

course of progressing pathology [21,22]. Interstitial and
perivascular fibrosis is a histological indicator of diabetic
cardiomyopathy, and the degree of fibrosis correlates with
myocardial hypertrophy [21,22]. Taking into account the
pathophysiological indicators, echocardiographic changes,
and serological biomarkers, one can assume that the initial
stage of DCM is characterized with mixed hypertrophic
and restrictive phenotype. At this stage, microangiopathy
and hypertension promote the development of DD, with
the progression of which the systolic function is impairing
in the result of dilatation, fibrosis, micro- and macroan-
giopathy [21,22,24].

Special researches , when analyzed, vividly prove that
applying the principles of pharmacological impact on
myocardial remodeling is appropriate and may be a useful
strategy for the treatment of patients with STEMI/ NSTEML
Usage of pharmacological devices at an early stage to effects
myocardial remodeling is necessary to prevent possible new
cardiovascular events, accelerate the processes of restoring
normal functioning of the cardiovascular system, improve
rehabilitation measures and reduce the probability of death.

It is clear that the main way to reduce the fatal and
non-fatal consequences of HF is primary prevention
[20,35,36,].

In the pathogenetic mechanisms of postinfarction LV
myocardial remodeling a significant role belongs to the fact
how active the angiotensin-aldosterone system is. Numer-
ous studies indicate that aldosterone impairs the contrac-
tility and metabolic functions of ischemic myocardium,
increases systemic vascular resistance, and enhances the
vasoconstrictor effect of angiotensin II in the coronary ar-
teries [37]. Activation of mineralocorticoid receptors leads
to myocardial fibrosis, inflammation, ruining of cardio-
myocyte, and LV hypertrophy [38]. It was reaffirmed that
mineralocorticoid receptor antagonists (AMCR), which
are represented by the nonselective agent spironolactone
[44] and selective eplerenone [39], favour the survival of
patients with HF and MI with LV systolic dysfunction. This
clinical bonus are associated with improved LV remodeling
and reduced myocardial fibrosis [38]. Spironolactone and
eplerenone differ in their molecular structure, pharmaco-
dynamics and pleiotropic effects [37,38,39,40], however,
the significant clinical differences between the two agents
are not clearly defined and their usage in case of preserved
LV EF that functios, requires further studies.

According to multicenter studies, AMCRs affect the
level of fibrosis markers. It is important to note that the
development of myocardial fibrosis is not only a factor
contributing to the progression of HF, but also causes elec-
trical instability of the myocardium, conductivity disorders,
which in its turn leads to an increased risk of ventricular
arrhythmias and SCD [11].

DM is one of the predictors of HF [24]. This is espe-
cially true for HF with normally functioning LV EF [21].
Intracellular metabolic disorders and increased oxidative
stress due to hyperglycemia, insulin resistance and chronic
inflammation are pathogenic mechanisms that affect LV
diastolic dysfunction against the backgroung of type 2
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diabetes. These mechanisms lead to structural changes in
the heart, such as LV hypertrophy and interstitial fibrosis,
which lead to HF [8,20,21].

The risk of death in combination of MI with diabetes is
much higher than in the acute period of MI, or when lasting
for several years [5,18]. HF of such comorbid patients is
more pronounced and there exists a higher probability of
recurrent MI [5,21].

In current clinical practice, type 2 diabetes therapy
should aim not only at achieving glycemic control but also
at influencing other modified CVD risk factors, including
hypertension, overweight, frequent hypoglycemia, etc.
[41]. Many antipyretics have a high potential for reducing
glycated hemoglobin (HbA1c) level. Taking into account
complex pathophysiological bindings between diabetes
mellitus, obesity, arterial hypertension, and atheroscle-
rosis it is very important that all glycemia controlling
camicals, available and those new ones that just appear
should be able not only control glycemial, but also effect
the factors of CD risk in patients with type 2 diabetes
[4,18]. Increased reabsorption of glucose in the kidneys
is an important pathogenetic mechanism that supports
chronic hyperglycemia in diabetes mellitus. About 90%
of glucose is reabsorbed in the proximal renal tubule by
sodium-glucose transporters of the second type (SGLT-2),
and the remaining 10% by means of glucose transporters of
the first type (SGLT-1) located distally. In type 2 diabetes,
the activity of SGLT-2 increases, the capacity of the renal
glucose transport increases, and, as a consequence, the re-
nal glucose threshold increases [18,42]. Glyphlozins inhibit
SGLT-2, which causes a decrease in sodium and glucose
reabsorption from the lumen of the proximal renal tubule
and leads to glucosuria. In the course of retrospective
analysis of the EMPA-REG OUTCOME, which covered
adult patients with type 2 diabetes and confirmed CVD,
the beneficial effect of SGLT-2 on the cardiovascular sys-
tem was evaluated. The analysis performed showed that
SGLT-2 determined cardiovascular benefits, namely the
reduction of cardiovascular mortality and hospitalization
for HF in patients with diabetes mellitus and CVD based
on an assessment of cardiovascular risk factors.

CONCLUSIONS

According to the analysis of scientific literature, these
data indicate the prospect of using new biological mark-
ers — ST2, for the early diagnosis of heart failure (HF).
However, the use of mineralocorticoid receptor antagonists
and inhibitors of type 2 sodium glucose cotransporter in
the treatment of patients with acute myocardial infarc-
tion complicated by HF and concomitant type 2 diabetes
slows down gradual regression of manifestations of HE,
regardless of its origin.
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