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Immobilizing Interstitial Cardiac Fibrosis
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Abstract

Background: The alterations in the endomysium and perimysium 
might cause compaction and gradual mechanical compression of car-
diomyocytes resulting in their immobilization. This process finally 
leads to severe stiffening, so that the newly formed frame around in-
dividual cardiomyocytes and their clusters hinders normal diastole, 
and later systole. This phenomenon is referred to as immobilizing in-
terstitial cardiac fibrosis (IICF). Deciphering the molecular and struc-
tural elements of myocardial changes is the key to understanding the 
pathogenetic foundations of heart failure development.

Methods: The study included 69 patients. Group I (n = 32) includ-
ed patients with IICF; group II (n = 37) was comparison group. We 
evaluated the clinical picture, anamnesis of the disease, the results 
of physical examination, laboratory and instrumental examination of 
patients and autopsy data.

Results: In the anamnesis, patients with IICF were more likely to 
have diseases than patients in the control group: arrhythmia and im-
paired conductivity (88% vs. 19%, odds ratio (OR): 30.0; 95% con-
fidence interval (CI): 7.918 - 113.7, P < 0.001), systemic connective 
tissue diseases (78% vs. 5%, OR: 62.5; 95% CI: 11.9 - 326.5, P < 
0.001), viral infections (including severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2)) (53% vs. 19%, OR: 4.86; 95% CI: 
1.66 - 14.25, P = 0.003), type 2 diabetes mellitus (47% vs. 8%, OR: 
10.0; 95% CI: 2.54 - 39.34, P < 0.001), radiation therapy for medi-
astinal lymphoma and other oncological diseases (19% vs. 0%, P = 
0.008), focal infections (sinusitis, osteomyelitis, periodontitis, nephri-
tis, cystitis, pyelonephritis, pleurisy, etc.) within 12 months (31% vs. 
11%, P = 0.069), chronic kidney disease (25% vs. 8%, P = 0.097), and 
tuberculosis (9% vs. 0%, P = 0.095). We have identified a statistically 
significant difference between the groups: the volume of the fibrosis 
zone (17.5±9.2% vs. 4.9±2.3%, P = 0.001), the expression of type I 
collagen (5,182 ± 1,301 vs. 2,189 ± 754 in 1 mm2, P = 0.0001), type 
III collagen (7,562 ± 1,405 vs. 2,320 ± 541 in 1 mm2, P = 0.0001), 
matrix metalloproteinase (MMP)-2 (12,850 ± 6,200 vs. 9,501 ± 7,145 
in 1 mm2, P = 0.005), MMP-9 (15,745 ± 5,695 vs. 6,920 ± 3,125 in 1 

mm2, P = 0.0001), connexin-43 (25,689 ± 14,871 vs. 37,523 ± 12,561 
in 1 mm2, P = 0.001), fibronectin (3,448 ± 720 vs. 1,544 ± 610 in 1 
mm2, P = 0.0001), and transforming growth factor β (TGF-β) (5,121 
± 1,243 vs. 2,531 ± 1,489 in 1 mm2, P = 0.001).

Conclusion: IICF is a separate pathological condition and one of the 
main causes of chronic heart failure. It is induced by changes in the 
myocardial connective tissue that prevent normal functioning of the 
myocardium.

Keywords: Heart failure; Cardiac fibrosis; Connective tissue; Inter-
stitial

Introduction

The most common cause of heart failure is a violation of the 
contractility of cardiomyocytes as a result of coronary artery 
disease (CAD), inflammation, excessive physical activity (in-
cluding those in patients with congenital and acquired heart 
defects), metabolic diseases with electrolyte disorders, intoxi-
cation, myocardial contusion, tumors, etc. [1, 2].

However, many patients without any of the abovemen-
tioned conditions and any signs of lesions to the myocardium 
(as confirmed by instrumental or laboratory examinations, 
such as electrocardiography, echocardiography, scintigraphy, 
coronary angiography, measurement of laboratory markers, 
etc.) still suffer from severe heart failure. Standard therapy for 
heart failure is usually ineffective in these patients. None of the 
drugs, including cardiac glycosides, direct cardiotonic agents, 
diuretics, and other well-known medications give a significant 
clinical effect. As a result, heart failure is explained by cardio-
myopathy with a poor prognosis [3, 4].

Many years of clinical practice and research (especially, 
macro- and micromorphological) and comprehensive analysis 
and comparison of different facts led us to a conclusion that 
such myocardial dysfunction might be caused by some me-
chanical factors located outside the clusters of healthy cardio-
myocytes, but structurally close to them. It is connective tissue 
with altered physical properties, in particular, abnormal thick-
ening, which prevents normal functioning of cardiomyocytes, 
thereby immobilizing them.

It is known that fibrogenesis is primarily caused by myofi-
broblasts formed as a result of fibroblast activation, as well as 
during epithelial-mesenchymal transformation [5-9]. In addi-
tion, macrophages, monocytes, T-lymphocytes, mast cells and 
endotheliocytes play a role in the process. Under the influence 
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of fibrogenic mediators myofibroblasts synthesize collagen 
fibers, fibronectin, and profibrotic mediators, changing the 
structure of the extracellular matrix. The main fibrogenic me-
diators are matrix metalloproteinases (MMPs) and their tissue 
inhibitors (TIMMP), as well as transforming growth factor β 
(TGF-β) [10-12]. An increase in the amount of I- and III-type 
collagen leads to changes in the structural organization of the 
endomysium and perimysium, violation of the electromechan-
ical properties of the heart, immobilization of intact cardio-
myocytes, which reduces the overall contractility of the left 
ventricle (LV) [13, 14]. Thus, deciphering the molecular and 
structural elements of myocardial rearrangement in immobiliz-
ing interstitial cardiac fibrosis (IICF) is the key to understand-
ing the pathogenetic foundations of heart failure development.

Materials and Methods

This was a single-center retrospective observational study or-
ganized according to the “case-control” type. Our study was 
limited only to patients with morphological studies at autopsy, 
retrospectively such patients were analyzed by clinical, labo-
ratory and instrumental studies. This study was conducted ac-
cording to the Declaration of Helsinki. The permission for the 
research was received by the ethical committee of the Federal 
State Budgetary Institution “National Medical and Surgical 
Center named after N. I. Pirogov” of the Ministry of Health of 
the Russian Federation.

Group I (n = 32) included patients with IICF. Group II 
(n = 37) was comparison group (non-cardiac cause of death). 
The first group included patients with proven interstitial fibro-
sis of the heart, with a decrease in left ventricular function. 
Identification and quantification of myocardial fibrosis was 
determined by magnetic resonance imaging (MRI) data with 
delayed contrast (late gadolinium enhancement), and the final 
diagnosis was established according to morphology data. The 
control group included patients without interstitial fibrosis of 
the heart. The average age of patients was 60.25 ± 7.9 years in 
group I and 69.5 ± 5.4 years in group II (Table 1).

Histological method

For morphological examination, the material was fixed in 10% 
neutral buffered formalin immediately after removal. Histologi-
cal wiring was carried out in a vacuum apparatus by a standard 
method using isopropyl and ethanol. The material was poured 
into blocks of homogenized paraffin with a thickness of 5 mm. 
Histological sections, 4 - 5 µm thick, were made immediately 
before staining them with hematoxylin and eosin and conduct-
ing immunohistochemical reactions. Mounting of histological 
sections was carried out on positively charged glasses with dry-
ing in accordance with the manufacturer’s recommendations. 
The obtained sections were dewaxed and stained with hema-
toxylin and eosin according to the standard procedure. Staining 
of the sections according to Van Gieson and Masson (trichrome 
method) was carried out using ready-made kits (Bio-Optica, 
Italy) in accordance with the attached instructions.

Immunohistochemical method

Immunohistochemical staining was performed by an automat-
ed method using the Ventana BenchMark Ultra immunohis-
tostainer with dewaxing and unmasking in the apparatus. The 
expression of MMP-2, MMP-9, tenascin-C, B-cell lymphoma 
2 (Bcl-2), connexin-43, collagen types I and III, and TGF-β 
was studied. In all the cases, a standardized detection system 
with a benzidine label and an indirect method of detecting ultra 
VIEWDAB without additional signal amplification was used.

Morphometric method

The intensity of expression of these markers was evaluated au-
tomatically using the QuPath v0 platform.2.3 on a four-point 
scale, where 0 indicates an absence of manifestation, and 3 in-
dicates a pronounced expression. The number of positive cells 
was calculated in the areas of arbitrary size, followed by the 

Table 1.  Clinical and Demographic Characteristics of Patients

Indicator Group I (n = 32) Group II (n = 37) P
Sex, n (%)
  Male 22 (69%) 26 (70%) 0.89
  Female 10 (31%) 11 (30%) 0.78
Age, years (mean ± SD) 60.25 ± 7.9 69.5 ± 5.4 0.62
Body mass index, kg/m2 (mean ± SD) 28.5 ± 6.8 27.3 ± 5.4 0.75
Heart weight, g (mean ± SD) 479 ± 152 319 ± 54 0.069
Heart failure, n (%) 32 (100%) 16 (43%) < 0.001
Hypertension, n (%) 20 (62.5%) 21 (56.7%) 0.63
Dyslipidemia, n (%) 15 (46.8%) 11 (29.7%) 0.14
Smoking, n (%) 7 (21.9%) 10 (27%) 0.78
Ejection fraction (echocardiography), % (mean ± SD) 40.3±4.5% 60.7±5.1% < 0.001

SD: standard deviation.
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calculation of the average value of positive cells in 1 mm2 area. 
The illustrative material was obtained using the Ventana iScan 
HT histological scanner (Roche Diagnostics).

Statistical method

Statistica 12 was used for statistical processing. The normal-
ity of the distribution was assessed using the Shapiro-Wilk and 
Kolmogorov-Smirnov criteria. Taking into account the non-
normal distribution of all quantitative indicators, the analysis 
was performed using the nonparametric Mann-Whitney U-test. 
The comparison of percentages in the analysis of four-field 
conjugacy tables was performed using Pearson’s Chi-squared 
criterion (with values of the expected phenomenon greater than 
10), and Fisher’s exact criterion (with values of the expected 
phenomenon less than 10). The odds ratio was calculated for 
risk factors. The results of the study are presented as the arith-
metic mean ± standard deviation (M ± σ). The critical signifi-
cance level (P) was taken to be 0.05 when testing hypotheses.

Results

Clinical signs of IICF

The most important clinical manifestation of immobilizing 
interstitial fibrosis is idiopathic heart failure unresponsive to 
standard therapy. The immobilization of cardiomyocyte clus-
ters impairs the diastolic function, slowly reduces left ventric-
ular ejection fraction (LVEF), and affects the pulmonary and 
later systemic circulation.

There are five stages of the disease: I - latent asymptomat-
ic stage (early changes in connective tissue); II - stage of mini-
mal manifestations (moderate fibrosis with increased levels of 
type I and type III collagen); III - stage of diastolic dysfunction 
(severe fibrosis with a significant predominance of type I col-
lagen); IV - stage of systolic and diastolic dysfunction (severe 

fibrosis); V - stage of coronary angiopathy (extremely severe 
fibrosis involving the coronary arteries).

In the anamnesis of patients with fibrosis, the most common 
diseases were: arrhythmia and impaired conductivity, systemic 
connective tissue diseases, viral infections (including severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2)), type 
2 diabetes mellitus, focal infections (sinusitis, osteomyelitis, 
periodontitis, nephritis, cystitis, pyelonephritis, pleurisy, etc.), 
chronic kidney disease, radiation therapy for mediastinal lym-
phoma, thyroid diseases, and tuberculosis (Table 2).

If coronary bypass surgery or endovascular surgery on the 
coronary arteries did not improve cardiac activity (no increase/
decrease in LVEF) and heart failure aggravated, the patient 
might have severe post-infarction IICF.

The absence of isolated sites of impaired myocardial con-
tractility along with a decreased systolic function at later stag-
es is an important echocardiographic and scintigraphic sign of 
IICF, which makes it different from ischemic fibrosis (Figs. 
1, 2). However, patients with extremely severe fibrosis with 
perivasal immobilization of arterioles at the stage of coronary 
angiopathy may have areas of hypoperfusion and hypokinesia.

Under certain conditions, post-infarction scarring can in-
duce the development of immobilizing interstitial fibrosis. In 
this case, perifocal connective tissue starts producing specific 
mediators, which triggers the formation of dense connective 
tissue around healthy cardiomyocytes resulting in diffuse inter-
stitial fibrosis with further aggravation of cardiomyocyte im-
mobilization. Heart failure in these patients is caused by a com-
bination of ischemic heart disease, on the one hand, and induced 
IICF in the non-ischemic areas, on the other hand (Fig. 3).

Morphology

Volume of the fibrosis zone

The average area of fibrosis zones (% ratio of fibrosis sites 
to the total area of the examined tissue fragment) was esti-

Table 2.  Concomitant Diseases in Patients

Concomitant diseases Group I  
(n = 32), n (%)

Group II  
(n = 37), n (%) OR (95% CI) P

Type 2 diabetes mellitus 15 (47%) 3 (8%) 10.0 (2.54 - 39.34) < 0.001
Myocardial infarction 5 (16%) 4 (11%) 1.53 (0.37 - 6.26) 0.723
Systemic connective tissue diseases 25 (78%) 2 (5%) 62.5 (11.9 - 326.5) < 0.001
Viral pneumonia (SARS-CoV-2) within 12 months 17 (53%) 7 (19%) 4.86 (1.66 - 14.25) 0.003
Tuberculosis 3 (9%) 0 (0%) - 0.095
Bacterial infections within 12 months 10 (31%) 4 (11%) 3.75 (1.04 - 13.47) 0.069
Oncological diseases (radiation therapy) 6 (19%) 0 (0%) - 0.008
Heart rhythm disturbances 28 (88%) 7 (19%) 30.0 (7.918 - 113.7) < 0.001
Chronic kidney disease 8 (25%) 3 (8%) 3.8 (0.9 - 15.7) 0.097
Chronic obstructive pulmonary disease 2 (6%) 3 (8%) 0.76 (0.12 - 4.83) 1.0

CI: confidence interval; OR: odds ratio; SARS-CoV-2: severe acute respiratory syndrome coronavirus 2.
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mated on the preparations stained according to the methods of 
Weigert, Masson and Van Gieson: 17.5±9.2% in group I and 
4.9±2.3% in group II (P = 0.001) (Fig. 4). It turned out that 
with a diffuse increase in the volume of interstitial fibrosis in 
the first group, there occurred compression of functionally ac-

tive cardiomyocytes - their immobilization.
In the first group, in cases of the extremely severe stage of 

IICF, extravasal compression of the myocardial arterioles with 
the development of significant coronary insufficiency, result-
ing in myocardial infarction, was revealed (Fig. 5).

Figure 2. 99mTc scintigraphy of the myocardium (a: LV myocardial perfusion; b: LV myocardial function) of a 49-year-old male 
patient showing immobilizing interstitial cardiac fibrosis. Diffuse decrease in perfusion and diffuse decrease in regional systolic 
wall thickening in the entire LV myocardium without a clear differentiation between the areas of local hypoperfusion and lo-
cal hypokinesia were noted. LV contractility was significantly decreased. Total LVEF was 37%. LVEF: left ventricular ejection 
fraction.

Figure 1. Echocardiography of a 67-year-old male patient showing immobilizing interstitial cardiac fibrosis. Diffuse decrease in 
LV myocardial contractility was noted. LV contractility was reduced. Total LVEF was 41%. LVEF: left ventricular ejection fraction.
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I and III collagen

There was a significant increase in the number of type I col-
lagen fibers in patients with IICF (5,182 ± 1,301 in 1 mm2) 
relative to the comparison group (2,189 ± 754 in 1 mm2) (P = 
0.0001). The fibers were arranged randomly, forming network-
like structures (Fig. 6a). The amount of type III collagen was 
also higher in group I: 7,562 ± 1,405 in 1 mm2 (vs. 2,320 ± 541 
in 1 mm2 in group II) (P = 0.0001) (Fig. 6b).

MMPs

Immunohistochemical examination revealed that the expres-
sion of MMPs (MMP-2 and MMP-9) in the myocardium is de-
termined in the cytoplasm of cardiomyocytes, endotheliocytes 
and fibroblasts of interstitial tissue. To assess the level of their 
expression, cardiomyocytes and fibroblasts were selected as 
the main target cells for myocardial remodeling. The average 
amount of MMP-2 was 12,850 ± 6,200 in 1 mm2 in group I 
and 9,501 ± 7,145 in 1 mm2 in group II (P = 0.005) (Fig. 7a). A 
significant difference between the groups in the expression of 
MMP-9 was revealed. The average number of MMP-9 cardio-
myocytes and fibroblasts was 15,745 ± 5,695 in 1 mm2 in group 
I and 6,920 ± 3,125 in 1 mm2 in group II (P = 0.0001) (Fig. 7b).

MMPs, especially MMP-9, are very “sensitive” markers 
of the initial stages of fibrosis. Their content begins to increase 
primarily due to the appearance of local fibrohistiocytes in the 
cytoplasm and blood cell elements migrating from the vessels. 
This indicates a running mechanism of irreversible changes 
in this part of the myocardium and announces its future deep 

structural transformation in IICF.

Tenascin-C

Normally, tenascin-C was not found in healthy adult heart tis-
sues, with the exception of tendon chords of papillary muscles 
and at the base of the heart valve flaps. It is induced or sup-
pressed in developed tissues during damage, remodeling and 
neoplasms. Directly within the heart tenascin-C interacts with 
fibronectin, resulting in the expression of MMPs regulation, 
which is a reliable biomarker of the progression of heart failure 
and a poor prognosis for such patients. It was determined that 
tenascin-C appears in the area of acute injury during myocar-
dial infarction, in adjacent areas, and at the initial stages of the 
formation of immobilizing interstitial fibrosis. It can persist for 
14 - 21 days. Tenascin-C expression was not detected in the 
formed “mature” fibrous zones of the myocardium.

Bcl-2

Bcl-2 is a protein belonging to the family of anti-apoptotic pro-
teins. It is a key factor in the resistance of cardiac fibroblasts to 
programmed cell death. The resistance of cardiac fibroblasts/
myofibroblasts to mitochondrial-dependent apoptosis empha-
sizes their increased potential in hypoxia.

This protein was detected in the cytoplasm of both cardio-
myocytes and fibroblastic cellular elements in the myocardium 
adjacent to fibrosis or involved in the process zones. The ex-
pression of Bcl-2 in patients without a diagnosis of myocardial 

Figure 3. Diffuse spread of induced immobilizing interstitial cardiac fibrosis in a 68-year-old male patient. (a-c) Early stages (ap-
proximately 1 month). (d) Extravascular compression of coronary arterioles, areas of scarring (hematoxylin and eosin stain, a: × 
100, b: × 80, c, d: × 40).
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infarction can serve as one of the criteria indicating the exist-
ing interstitial fibrosis. In group II, the expression of Bcl-2, as 
well as tenascin-C, was not detected.

Connexin-43

The expression of connexin-43 in group I (25,689 ± 14,871 in 
1 mm2) was found in smaller amounts, in contrast to group II 
(37,523 ± 12,561 in 1 mm2) (P = 0.001). In IICF, connexin-43 
was “lateralized”, whereas in patients with healthy myocar-
dium, connexin-43 was detected mainly in the area of insertion 
discs of cardiomyocytes.

Fibronectin

In the autopsy group of patients with IICF, there was a sig-
nificant increase in the expression of fibronectin by myofibro-
blasts and fibroblasts (3,448 ± 720 in 1 mm2) compared with 
the second group, where it was ill-defined (1,544 ± 610 in 1 

mm2) (P = 0.0001).

TGF-β

There were differences in the expression of TGF-β: 5,121 ± 
1,243 in 1 mm2 in group I and 2,531 ± 1,489 in 1 mm2 in group 
II (P = 0.001).

Discussion

Many factors (such as viral infections, toxic or radiation ef-
fects, autoimmune disorders, etc.) can change the molecular 
phenotype of the cardiac connective tissue via increasing the 
expression of fibrogenic mediators, which leads to abnormal 
ratio of different collagen types and triggers excessive colla-
gen synthesis. The extracellular matrix is remodeled with the 
formation of network-like structures surrounding healthy car-
diomyocytes.

Given the high reactivity of connective tissue, pathologi-

Figure 4. Histological preparations of the myocardium showing a significant increase in the volume of connective tissue in group 
I patients. (a) Weigert’s stain, × 100. (b) Masson’s stain, × 200. (c) Van Gieson’s stain, × 200.
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cal changes usually begin with a pronounced edema. At first, 
cardiomyocytes remain intact and can maintain normal cardiac 
contractility. However, gradual thickening of interstitial tissue 
prevents full relaxation of the cells, thereby affecting the di-
astolic function. Instead of easy sliding over each other, car-

diomyocyte becomes tightly bound and surrounded by thick 
layers of connective tissue.

Myogenic autoregulation (Frank-Starling mechanism) no 
longer works in this case. The ventricles are unable to cope 
with volume overload; left and right ventricular performance 

Figure 5. The stage of coronary angiopathy (in group I) is an extremely severe degree of fibrosis with constriction of the periph-
eral coronary bed (hematoxylin and eosin stain, a-c: × 200, d: × 400).

Figure 6. (a) Type I collagen fibers in group I chaotic intersection of bundles forming closed spaces around individual cardiomyo-
cytes; in group II ordered arrangement of collagen fibers. (b) Type III collagen fibers in group I disordered arrangement, without 
clearly distinguishable spatial structures; in group II rare bundles of collagen fibers (Weigert’s stain, × 400).
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cannot be equalized; normal amount of circulating blood and 
blood pressure cannot be effectively maintained.

Notably, in this case the mechanics of cardiac muscle 
contraction is generally affected. Severe fibrosis changes the 
specific structure of the intramyocardial fasciae and prevents 
normal wringing motion of heart, which, firstly, is crucial in 
saving energy of heart external work and, secondly, ensures 
laminar blood flow. IICF increases the myocardial load and 
changes the configuration of intracardiac hemodynamics.

Compression of the peripheral parts of the coronary arter-
ies is a particularly important step in fibrosis progression; it 
starts with arterioles, where the muscle layer is relatively thin. 
Patients can develop clinical and instrumental signs of coro-
nary insufficiency unresponsive to appropriate therapy. Arte-
rial compression by the surrounding connective tissue leads to 
angiopathy. As a result, peripheral arterioles are affected; the 
main coronary arteries are more likely to be constricted due 
to an impaired nervous regulation. Only histological exami-
nation at autopsy can show changes in connective tissue and 
perivascular immobilization. At this stage, primary interstitial 
cardiac fibrosis might cause acute myocardial infarction due to 
extravasal constriction of arterioles.

The main cause of myocardial fibrosis is overproduction 
of type I and III collagen. The synthesis of type I collagen pre-
vails, which explains stiffening of the newly formed connec-
tive tissue.

Type I collagen is arranged in chaotic intersecting fibrils 
and networks that form confined spaces around individual car-
diomyocytes. This frame also includes more numerous fibrils 
of type III collagen, arranged randomly and without distin-

guishable spatial structures.
Immunohistochemical staining allowed us to detect an in-

creased expression of MMP-2 and MMP-9. These molecules 
are produced by immune cells and fibroblasts of interstitial 
cardiac tissue and are involved in endomysium and perimy-
sium remodeling. MMP-2 and MMP-9 are detected at the first 
stage of normal connective tissue destruction.

Patients with severe myocardial fibrosis demonstrate 
lower expression of connexin-43 and its lateralization in car-
diomyocytes, along with an increased expression of MMPs. 
This affects the conductivity and permeability for Na+ ions, 
reducing the number of pulses passing through the contact. We 
also detected the expression of other fibrogenic markers, such 
as TGF-β, tenascin C, Bcl-2, and fibronectin.

Patients with IICF develop changes in the structure of con-
nective tissue surrounding separate cardiomyocytes and their 
clusters: it becomes thicker. Such changes affect lymphatic sys-
tem causing its sclerosis and impaired lymphatic drainage.

Limitations of the study

Our study has limitations that should be given due attention. 
Firstly, the study included a small number of observations. 
Secondly, this is a single-center, retrospective, non-randomized 
study, so these results cannot be generalized to the entire popu-
lation of patients with interstitial heart fibrosis. Thirdly, while 
there are no precise laboratory and instrumental criteria for im-
mobilizing interstitial fibrosis of the heart, a comprehensive 
diagnosis and comparison of data is necessary, and a histologi-

Figure 7. Metalloproteinase expression: (a) MMP-2 (immunohistochemical study, × 200 increase); (b) MMP-9 (immunohisto-
chemical stain, × 200). MMP: matrix metalloproteinase.



Articles © The authors   |   Journal compilation © Cardiol Res and Elmer Press Inc™   |   www.cardiologyres.org 131

Shevchenko et al Cardiol Res. 2023;14(2):123-132

cal examination of the heart can serve as the final confirmation 
of the diagnosis. Fourth, there was only one control group. The 
next step is to study the data of patients with a large sample 
size, conducting multicenter, randomized trials.

Conclusion

Thus, deciphering the molecular and structural foundations of 
myocardial rearrangement in fibrosis is the key to understand-
ing the pathogenetic foundations of the development of heart 
failure.

Primary IICF develops due to the changes in connective 
tissue that are often the root cause of myocardial dysfunc-
tion. Healthy cardiomyocytes experience mechanical com-
pression from the outside, which results in their restricted 
motion and impaired cardiac function. The disease develops 
slowly: from minor enlargement of the interstitium to severe 
fibrosis with arteriole compression and myocardial trophic 
impairment.

Secondary (induced) IICF develops due to diffuse chang-
es in the interstitial tissue of the healthy myocardium after its 
stimulation by post-infarction scars.

The use of immunohistochemical studies and the determi-
nation of markers of fibrous rearrangement can contribute to 
the diagnosis of IICF in its early stages and the possibility of 
preventing the worsening severity of heart failure.
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