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Abstract. The heart valve design is optimally adapted to their physiological function, i.e., the uniform distribution of
blood flow in the heart chambers, so even small changes in the structural components of the valves, which are initially
functionally compensated, play a significant role in the development of heart disease in the later stages of a patient's
life. The study aimed to determine the effect of chronic haemodynamic trauma on the structural reorganisation of
human heart valves. A total of 1377 human heart valves were evaluated, which were obtained during valve prosthetics at
the Amosov National Institute of Cardiovascular Surgery from 2010 to 2022. The study identified a full range of macro-
and microscopic changes in morphological structures that are characteristic of rheumatic heart disease, infective
endocarditis, dysplastic and destructive changes in heart valves. The set of all morphological features was combined
into the algorithm “Morphological manifestations of acquired heart disease of different genesis”. It has been established
that changes in the mitral valve architecture can cause the transformation of its structural components, which causes
a violation of the valve's functional capabilities. The study demonstrated that persistent changes associated with
chronic haemodynamic injury reduce the mechanical strength of the valve, despite the compensatory mechanism of
subendothelial smooth muscle fibre hyperplasia in the heart valve leaflets. Subsequently, these damages can, on the one
hand, be complicated by fibrosis, fatty degeneration and calcification, and on the other hand, compensatory mechanisms
are involved in the process, namely hyperplasia of subendothelial muscle cells, which often form continuous layers
that should strengthen and strengthen the mechanical strength and thus the functional competence of the valves.
Mitral valve dysplasia can develop secondary infective endocarditis, rheumatism, and degenerative valve disease. The
algorithm for determining the patterns of morphological changes in the valvular apparatus of the heart in various
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variants of acquired defects of inflammatory and non-inflammatory genesis can be used to improve the etiopathogenetic
drug treatment of patients with acquired heart disease, as well as a theoretical basis for the development of new types

of valve-preserving operations

Keywords: morphological changes; cardiac valve system; haemodynamic trauma; light microscopy

INTRODUCTION

The heart valves are in constant motion, performing the
function of a gate valve, which is associated with changes
in internal cardiac blood pressure. Therefore, they must be
sufficiently elastic and at the same time have a significant
margin of safety [1, 2]. The architectonics of heart valves is
optimally adapted to their physiological function — the dis-
tribution of intracardiac blood flow. This is ensured by the
peculiarities of the structural organisation of the valves,
namely, the outer dense layers of the valve leaflets separat-
ed by a thin loose spongiosis layer are complementary to
the directions of intracardiac blood flow, as confirmed by
S.D. Chen et al. [3]. Violation of this complementarity can
cause damage to the structural components of the valves,
and then secondary changes in the systolic and diastolic
function of the heart [4], causing the development of both
congenital and acquired heart disease (AHD). B. Zebhi et
al. [5], S. Kraler et al. [6], and M. Chernykh et al. [7] have
shown that in case of changes in the structure of valve
structures, their complementarity concerning the hydro-
dynamic effect of blood on them may be disturbed with a
change in the mechanical load on the entire valve or its
parts and, possibly, with damage to some structures of the
heart valves. Therefore, even small congenital changes in
the structure of the valves, which are initially functionally
compensated, can significantly contribute to the develop-
ment of heart disease at later stages of a patient’s life [8].
Modern literature reviews indicate that in the case of se-
vere congenital pathology, the initial dysfunction leads to
early clinical manifestation of heart disease and, in favour-
able cases, to its surgical resolution [9, 10].

According to Ukrainian researchers, the proportion of
rheumatic endomyocarditis as a cause of AHD requiring
surgical treatment decreased from 56% to 31.4% between
2009 and 2021 [11], which is attributed to improved pre-
vention of rheumatic diseases, and on the other hand, a de-
crease in the immunological status of the Ukrainian popu-
lation. At the same time, a decline in immunity contributes
to an increase in the number of cases of acute infective en-
docarditis (IE), which causes valve destruction and the for-
mation of valve failure. According to I. Karavanska [12], the
incidence of IE in different regions of Ukraine ranges from
20 to 70 per 1,000,000 population per year. However, even
in the treatment of patients with NSTEMI of known aeti-
ology, questions sometimes arise that cardiologists cannot
provide a convincing answer to. For example, it remains
unclear why a valvular heart disease acquired as a result
of an active rheumatic process, after a certain period of re-
mission, begins to show signs of increasing haemodynam-
ic disorders without signs of rheumatic activation. Local
changes in the valves that contribute to the development
of the so-called primary infective endocarditis are unclear.

These problems cannot be solved only by clinical
methods, so they need to be studied using morphologi-
cal techniques that will allow to assessment of the nature

and degree of pathological transformation of various valve
structures, in particular the endothelium and connective
tissue structures of valve leaflets and chords in AHD of
various etiologies, which is important due to the fibrous
framework of the valve ensuring its mechanical strength
and elasticity, and, accordingly, the performance of the
main functions of the valve. In the vast majority of scien-
tific studies, there is no comprehensive approach to the
study of the peculiarities of the organisation of structur-
al components of heart valves in acquired pathology, and
this aspect of the development of cardiac pathology is still
poorly understood and insufficiently described. Therefore,
the purpose of the study was to investigate the features of
morphological changes in heart valves that occurred as a
result of hemodynamic trauma.

MATERIALS AND METHODS

The study examined 1,377 human heart valves received
during valve replacement surgery at the Amosov Nation-
al Institute of Cardiovascular Surgery from 2010 to 2022.
Among them were 556 mitral valves (MV), 478 aortic valves
(AV), and 343 tricuspid valves (TV) Among the patients
were 925 men and 452 women, aged 8 to 76 years (mean
age — 43.2%11.6 years). The material for the study was col-
lected in compliance with ethical and legal standards and
requirements for scientific morphological studies [13].

The surgical material was examined macroscopically
and microscopically. From the most and least damaged ar-
eas of the heart valves, pieces of leaflets or flaps were cut
from the right or left fibrous ring to the edge, and the af-
fected tendon strings were removed. Frozen sections were
made from part of the material, which was stained with
haematoxylin-eosin and Giemsa III-IV to identify fat-con-
taining structures.

The rest of the material from similar valve areas was
dehydrated in an alcohol bank of ascending concentration
and paraffin-embedded at 640°C. Serial histological sec-
tions of 5-8 ym thickness were made on a sled microtome,
after which the deparaffinised preparations were stained
with haematoxylin-eosin. The conditions of collagen fi-
bres were assessed by staining the sections with Van Gie-
son’s picrofuchsin. Elastic fibres were selectively detected
with fuchsin by Weigert. Fibrin of various degrees of ma-
turity and blood cells were detected using the MSB (Mar-
cius-Scarlet-Blue) technique in the Zerbino-Lukasevich
modification [14, 15].

Light microscopy of histological sections, digital image
processing and photographic documentation of the mate-
rial was performed using a video image analysis unit CX-41
(OLYMPUS, Japan). The macroscopic examination of the
heart valves assessed the thickness, density, and types of
deformation of the leaflets (L), crescentic valves (CV), the
overall degree of fibrosis, as well as fibrosis of adhesions
and lines of closure of the leaflets, attention was paid to
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the presence or absence of calcifications, warts, erosions,
ulcers, abscesses, perforations, aneurysms, vegetations,
haematomas, lipid stains, as well as signs of oedema and
hyperaemia in various valve structures. Furthermore, the
condition of the papillary-trabecular apparatus was stud-
ied in the MV: the length of tendon strings, the presence of
tears, the degree of fibrosis, and the presence or absence of
signs of dysplasia.

Microscopy of histological preparations of heart
valves was performed consistently to assess morpholog-
ical changes in structural components. In describing the
surface of the heart valve leaflets/CV, the presence or ab-
sence of the endothelial layer, the condition of endotheli-
al cells, and signs of their dystrophy, desquamation, and
proliferation were noted. In the dense layers of the L/CV
valves, the presence or absence of fibrosis, calcification
or necrosis was assessed, including the presence of scars,
collagen and elastic fibre bundles, and their fragmenta-
tion. The condition of the infiltrate cells was assessed: the
presence or absence of morphological signs of dystrophy
and the degree of their severity. The presence or absence
of cholesterol crystals and proliferating smooth muscle
cells was of particular importance. When describing the
spongiosal layer of the L/CV of heart valves, its thickness,
presence or absence of hematomas, cholesterol crystals,
morphological signs of oedema, as well as the state of con-
nective tissue fibres (their fragmentation, collagen cords
from dense layers, fibroblast proliferation, fatty transfor-
mation, fibrosis and calcification of varying degrees) were
determined. Similarly to the dense layers, signs of cellular
infiltration were recorded by the presence of neutrophils,
histiocytes, lymphocytes, macrophages and lipophages.

The condition of blood vessels was determined by their
wall thickness, lumen size, presence or absence of fibri-
noid necrosis, leukocyte infiltration, destruction, fibrosis
and hyperaemia in their membranes.

At the initial stage of the study, a complete set of var-
iants of macro- and microscopic changes in morphological
structures characteristic of rheumatic heart disease, infec-
tive endocarditis (IE), dysplastic and destructive changes in
heart valves was determined. The set of all morphological
features was combined into the algorithm “Morphological
manifestations of AHD of different genesis”.

The statistical processing of digital data was carried
out in the environment of a licensed copy of the Excel
computer program (version XP, Microsoft® Corp.) by pro-
gramming the appropriate calculation algorithms with
their subsequent processing. For the analysis of the re-
sults, one of the MS Office applications, the spreadsheet
processor MS Excel 2003, was chosen for statistical anal-
ysis necessary for further discussion of the results, find-
ing the minimum and maximum values, the mean and
standard error of measurements, and determining the
level of reliability.

RESULTS

The creation of the algorithm “Morphological manifesta-
tions of AHD of different genesis” determined a complete
list of structural changes in heart valves of different aeti-
ologies. In particular, when assessing the physical parame-
ters of morphological changes in the L MV and CV AV of the
heart, it was found that in 94.8% of cases of dysplasia, their
area increased, which was not observed in any observation
in IE-T and AHD (Table 1).

Table 1. Frequency of L. and MV physical changes in various forms of AHD

) AHD forms, % Total
N Morphological
o changes AR HA-PM IE-1 IE-I1 VD RC -1.377
n=209 n=375 n=190 n=105 n=207 n=291 o
1. Expanded surface 11.5 23.7 19.2 94.8 0 28.5
2. Reduced surface 0 0 79.6 72.3 7.4 0 174
3. Thickened L or CV 100 100 42.8 61.7 90.2 68.5 85.1
4. Thinned L or CV 0 0 58.1 38.3 9.8 8.3 14.7

Notes: CV - crescentic valves; AR — active rheumatism; NAR — non-active rheumatism; IE-I - initial infective endocarditis;
IE-II — secondary infective endocarditis; VD — structural valve dysplasia; RC - regression changes

Source: compiled by the authors

In rheumovalvulitis, the L/CV surface was increased by
23.7% maximum of observations and was never reduced.
Reduction of their leaflet area was a characteristic morpho-
logical sign of IE. For AHD of noninflammatory genesis, re-
duction of the area of the L/CVwas also not typical, although
it was found in 7.4% of cases of heart valve dysplasia. The
thickness of the leaflets increased due to fibrosis and calci-
fication in 100% of observations in patients with rheumov-
alvulitis, and in the active stage of the disease — also due to
oedema. In IE-I, they were both thickened due to the pres-
ence of oedema and vegetation of the L or CV (41.9%) and
thinned due to the dominance of lytic processes (58.1%).

In AHD that developed due to subclinical forms of
valve dysplasia, in 90.2% of observations, the L/MV was

thickened due to either calcification or oedema of the spon-
giosal layer. In 68.5% of AHD cases, the leaflets or MV were
also thickened as a result of coarse calcifications; 8.3% of
leaflets or CV had atony and thinning due to widespread
fatty regression of their connective tissue structures; in
the remaining 23% of valves in this group, the thickness
of the leaflets or CV was slightly changed, although foci
of slight yellow-orange thickening were observed under
the endothelial layer. In IE-II, L or CV in the area of adhe-
sions and marginal sections were thickened only in those
patients with a history of rheumatic heart disease (17.0%).

In valves with dysplasia due to calcifications sur-
rounded by fibrous capsules (44.4%), L or CV were usual-
ly thickened and dense, in other cases — soft, sometimes
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swollen. Calcification also determined the high density
of 56.1% of valves in RC AHD. Of this group, 7.7% of the
L or CV valves appeared soft, atonic, thinned, sometimes
with a finely ribbed surface relief. In general, among 1377
observations, valves with dense (59.7%) and thickened L or
CV were the most common. Moreover, if the density was de-
termined mainly by fibrosis and calcification, the increase
in thickness could also be caused by significant oedema
and overlapping vegetation. Features of morphological

macroscopic signs in the removed valves were also deter-
mined by the presence of erosions, ulcers, oedema, foci of
hyperaemia and perforations (Table 2). Erosions of vari-
ous sizes and shapes appeared as loose areas without the
typical lustre of surfaces, and sometimes their edges were
exfoliated. Erosions were detected in the majority of obser-
vations of inflammatory AHDs, as well as in 28.3% of cases
of valve dysplasia and 28.9% of valves removed for RC heart
disease. In total, erosion was detected in 71.4% of cases.

Table 2. Frequency of macroscopic erosions, ulcers, oedema, hyperaemia,
vegetations, lipid stains, haematomas, abscesses, warts and aneurysms of valve structures in different AHD forms

) AHD forms, % Total
No. Morphological
feature AR NAR IE-I IE-II VD RC n=1.377
n=2,097 n=375 n=190 n=105 n=07 n=291 ’

1. Erosions 88.8 91.1 100 100 28.3 289 71.4
2. Ulcers 77.8 86.5 100 100 23.5 13.1 70.2
3. Oedema 84.0 0 100 100 89.6 34.5 54.3
4. Hyperaemia 31.8 0 82.6 90.3 0 0 22.2
5. Vegetations 0 0 100 100 0 0 21.7
6. Lipid spots 60.8 92.6 0 72.8 73.1 88.9 73.1
VA Warts 100 95.7 174 83.6 88.4 15.5 72.6
8. Haematomas 6.4 2.3 0 22.5 0 0 4.3
9. Abscesses 0 0 26.8 33.8 0 0 5.0

Notes: AR - active rheumatism; NAR - non-active rheumatism; IE-I — initial infective endocarditis; IE-II — secondary
infective endocarditis; VD - valve dysplasia; RC — regression changes

Source: compiled by the authors

In 70.2%, ulcers were detected, which most often
formed over large calcifications, forming tissue defects up
to 2 cm in diameter. Such ulcers usually had a calcified bot-
tom, which was imbibed with blood and covered with fibrin
clots. Ulcers were observed in the area of fibrous adhesions
and the absence of calcifications. In these cases, the tissue
defect had a linear shape in the direction from the fibrous
ring of the valve to its lumen. In IE, deep damage to the L
structures was caused by tissue lysis, which was present in
100% of observations.

A sign of L/CV oedema was recorded in 54.3% of cases.
In AR, oedema of the surface layers of the structural com-
ponents of the valves was manifested by their swelling and
translucent appearance. The fibrous tissue of the deeper
layers also swelled and became less dense and compact. No
signs of oedema were present in NAR. In IE, as in other in-
flammation, oedema occurred in 100% of cases. The valve
leaflets with signs of dysplasia often (85.6%) had a myxo-
matous appearance: diffuse throughout or in some areas.
Their middle layer increased in volume and became almost
transparent and slippery to the touch. Hyperaemia of the
L/CV occurred only in the active inflammatory process: in
31.8% of cases of active rheumovalvulitis, as well as in EI-I
and EI-II (82.6% and 90.3%, respectively). As it turned out,
vegetations are a pathognomonic sign of EI. They were de-
tected in all cases of both EI-I and EI-II and were not re-
corded in other pathological processes.

A yellow-orange lipid stain located under the en-
dothelium in the areas subjected to the greatest haemo-

dynamic load was a frequent finding (72.2% of all obser-
vations) in the macroscopic examination of heart valves.
They were present in 60.8% of valves with AR, 92.6% of in-
active valves, 73.1% of IE-II observations, 73.1% of valves
with dysplasia, and 88.9% of cases of RC AHD. This was
absent only in IE-I.

The growth of loose fibrous connective tissue in the
form of warts along the edges of the L and CV, as well as
in areas of relief altered by fibrosis and calcification, was
found in all groups: most often in rheumovalvulitis (100%
of observations of active rheumatic process and 95.7% of
inactive rheumatic process), EI-II (83.6%) and heart valve
dysplasia (88.4%). In the case of dysplasia and RC of their
structures, warts were detected much less frequently
(17.4% and 15.5%, respectively).

In only 4.1% of cases, haematomas were observed in
the damaged L and CV. They were most often recorded in
EI-II (22.5%), less often in active rheumovalvulitis (6.4%),
and even less often (2.3%) in inactive rheumocarditis. In
the other groups, haematomas were not observed. Simi-
larly to vegetation, macroabscesses were a pathognomonic
feature of IE. They were not formed in every case of IE. In
particular, macroabscesses were detected in 26.8% of IE-I,
and 33.8% of IE-II. Macroabscesses were not observed in
other forms of IE. Therefore, the detection of vegetation
and abscesses in the heart valves can reliably testify in fa-
vour of [E. In the study of MV, special attention was paid to
the condition of the tendon strings of the papillary-trabec-
ular apparatus of the heart (Table 3).
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Table 3. Frequency of detection of macroscopic changes in tendon strings of the MV in various forms of AHD

1. Normal length TS 27.1 22.1 100 71.6 8.1 92.8 43.6
2. Long TS 15.6 16.0 0 7.8 78.6 5.7 23.1
3. Short TS 64.2 65.3 0 23.1 25.6 0 34.9
4. Fibrosis 0 0 0 100 65.0 11.1 100 35.8
5. Fibrosis 1+ 48.9 22.7 0 20.3 75.7 0 29.0
6. Fibrosis 2+ 52.2 74.6 0 14.6 11.1 0 34.3
7. Dysplasia 0 2.7 0 26.9 100 0 21.1
8. Tears 0 0 43.2 37.8 13.5 0 10.9

Notes: TS - tendon strings; AR — active rheumatism; NAR - non-active rheumatism; IE-I - initial infective endocarditis;
IE-II — secondary infective endocarditis; VD — valve dysplasia; RC - regression changes

Source: compiled by the authors

It was found that only in IE-I, in 100% of observations,
tendon string lengths were unchanged. In IE-II, this figure
was 71.6% and in RC AHD - 92.8%. In AR and NAR, as well
as in valve dysplasia, tendon strings of normal length were
found much less frequently: 27.1%, 22.1% and 8.1%, re-
spectively. Moreover, in dysplasia, both elongated (78.6%)
and shortened tendon strings (25.6%) could be found in
the same valve.

In rheumatism, short tendon strings of the MV were
most common: in AR they were recorded in 64.2%, and in-
active rheumatism - in 65.3%. Long tendon strings were
differentiated in only 15.6 % of AR and 16.0% of NAR. In
IE-IT and RC AHD, L with long tendon strings were rela-
tively rare: 7.8 % and 5.7 %, respectively. Shortening of
tendon strings in IE-II (23.1%) was due to initial post-
stroke fibrosis or fibrosis associated with papillary trabec-
ular apparatus dysplasia since in these groups of patients
fibrosis of tendon strings, as well as of the cusps, was the

most common: in dysplasia — 88.9%, NAR and AR - 100%.
It should only be noted that in rheumovalvulitis, valves
with gross fibrosis dominated, whereas in papillary-tra-
becular dysplasia, not all tendon strings were affected by
fibrosis and the degree of fibrosis was moderate in most
cases (75.7%). Fibrosis of tendon strings was not typical
for valves with RC AHD.

Signs of congenital abnormality of the papillary-tra-
becular apparatus of the MV were detected in 100 % of
valves in the dysplasia group, as well as in 26.9% of valves
with I[E-II and 2.7% of observations of inactive rheumoval-
vulitis. Signs of tendon string rupture were not recorded in
any case of rheumovalvulitis and RC AHD, but signs were
found in IE-I (43.2%), IE-II (37.8%) and papillary-trabecu-
lar dysplasia (13.5%). A detailed microscopic examination
of the structural components of the heart valves revealed
that their surface was in no case intact throughout, the en-
dothelium was damaged (Table 4).

Table 4. The frequency of detection of valve endothelial changes in various forms of AHD

1. Normal surface 0 0 0 0 0 0 0
2. Erosions 88.5 93.3 100 100 96.5 80.9 93
3 No endothelium 0 0 0 0 0 0 0
changes
4. Endothelium 88.8 97.4 100 100 96.4 100 97.1
exfoliated
5. | Endothelial dystrophy 774 27.5 100 100 71.3 61.8 63.2
6. Endothelial 0 0 0 0 23.2 33.2 8.9
proliferation

Notes: AR - active rheumatism; NAR - non-active rheumatism; IE-I — initial infective endocarditis; IE-II — secondary
infective endocarditis; VD — valve dysplasia; RC — regression changes

Source: compiled by the authors

In IE-I and IE-II, as well as in RC AHD, endothelial
desquamation was found in 100% of observations. Some-
whatless frequently,in 88.8 - 97.4% of cases, this morpho-
logical sign was present in active and inactive rheumov-
alvulitis and AHD associated with heart valve dysplasia.

Various signs of endothelial dystrophy were found
in an average of 63.2% of observations, with IE caus-
ing endothelial dystrophy in 100%. In NAR, areas with
dystrophically altered endothelial layer were detect-
ed in 27.5% of patients, in the other groups this sign

Bulletin of Medical and Biological Research. 2024. Vol.6, No. 1




Morphological changes in structural components...

was noted in 77.4% of AR, in 71.3% of valve dysplasia
and 61.8% in RC AHD. In noninflammatory AHD, signs
of increased endothelial cell proliferation were some-
times observed on the surface of the valve leaflets: in

valve dysplasia in 23.2%, and RC in 33.2%. Endothelial
damage was often accompanied by significant changes
in the dense surface layers of the L and CV of the heart
valves, as shown in Table 5.

Table 5. Frequency of detection of necrotic and fibrotic changes
in connective tissue structures of dense layers in various forms of AHD

AHD forms, % Total
No. Morphological feature AR NAR 1IE-1 1IE-II VD RC
n=209 n=375 n=190 n=105 n=207 n=291 | n=1,377
1. Fibrinoid necrosis 100 16.2 4.8 16.1 0 0 20.3
2. Enzymatic lysis 0 0 100 100 0 0 56.7
3. Cholesterol necrosis 59.8 90.5 0 50.7 59.5 100 68.7
4., Scars 100 100 0 56.4 0 0 51.1
5. Fibrosis 37.8 36.8 0 53.2 45.6 68.7 42.1
1. | Smooth muscle cell proliferation 1.7 3.2 0 20.4 84.6 0 19.1
2. Loosening of layers 0 0 0 9.4 83.0 0 16.5
3. Collagen fibre fragmentation 0 0 0 8.6 66.3 0 12.8
4. Intercellular substance 100 0 14.3 11.2 68.9 29.2 30.5
accumulation
5. Calcification 100 100 33.2 54.3 63.8 68.9 71.5

Notes: AR — active rheumatism; NAR — non-active rheumatism; IE-I - initial infective endocarditis; IE-II — secondary
infective endocarditis; VD — valve dysplasia; RC - regression changes

Source: compiled by the authors

Thus, in AR, signs of fibrinoid necrosis of connective
tissue structures of dense surface layers of the L and CV
of heart valves were detected in 100% of observations. In
NAR, fibrinoid necrosis was detected in histological speci-
mens in only 16.2% of patients, but in these cases, fibrinoid
necrosis showed signs of calcification in the central parts
of the lesions and fibrosis in the periphery. Changes in col-
lagen structures characteristic of fibrinous necrosis were
sometimes also found in IE, and in IE-II - much more often
than in IE-I: 16.1% vs. 4.8%. It was noteworthy that foci
of fibrinous necrosis were often located around the blood
vessels away from the main focus of valve damage in suba-
cute and recurrent forms of IE. In NAV of noninflammatory
origin, classical manifestations of fibrinous necrosis were
not observed in any case. However, these valves showed
zones of collagen homogenisation, which, unlike eosino-
philic fibrinoid necrosis, usually had a slightly basophilic
colour. Necrosis of the dense layers of the L and CV of the
heart valves, which was caused by the lytic action of neu-
trophil lysosomal enzymes and microbial waste products,
was pathognomonic for both groups of IE. This morpholog-
ical sign was found in 100% of observations in IE, whereas
in other forms of AHD, necrosis of the dense layers of the L
and CV of the valves was absent.

The most frequent morphological sign (68.7%) in all
material was cholesterol necrosis, which gave a positive
sudan III-IV stain and was often accompanied by the pres-
ence of lipophages and cholesterol crystals. Such changes
were recorded in 100% of observations in RC AHD, in 90.5%
in NAR, in 50-60% in AR, IE-II and valve dysplasia. IE-I was
included in this group only in the absence of other mor-
phological changes, including cholesterol necrosis. Gross
scarring deformation of the dense surface layers of the L
and CV along the line of their closure, in the area of adhe-
sions, as well as tendon strings of the MV, was detected in
all cases of AR and NAR. At the same time, the central parts

of the L and CV were fibrosed much less. In 56.4 % of cases
of IE-II, these changes developed against the background
of scarred valve structures. In IE-T and AHD of non-inflam-
matory genesis, scarring changes in the heart valves were
usually not detected. However, quite often in the latter two
groups, there was a diffuse increase in the fibrous compo-
nent of the dense layers of the L. and CV: in the initial valve
dysplasia — in 45.6%, in the RC AHD group - in 68.7%. Fi-
brosis of the valve structures without disturbance of colla-
gen fibre orientation was also detected in 37.8% of A-RM
cases, 36.8% of NAR cases and 53.2% of observations in IE-
I1. It should be noted that fibrosis without scarring changes
was usually localised on the periphery of the main foci of
fibrosis and calcification.

Othermorphological changes were oftendetected inthe
surface layers of the L and CV, in particular, in 19.1% of ob-
servations, a peculiar subendothelial layer of smooth mus-
cle cells, which is not characteristic of normal heart valves,
was differentiated in histological preparations of heart
valves. Most often (84.6%) it was detected in the L and CV
with signs of dysplasia. In IE-II, this morphological sign was
present in 20.4% of cases,in AR —onlyin 1.7%, and in NAR -
in 3.2% of cases. The subendothelial layer of smooth muscle
cells was not detected at all in IE-I and in RC of the heart.

There are two morphological signs (thinning of the
dense surface connective tissue layers of the L and CV and
fragmentation of collagen fibres), which were largely ob-
served only in congenital heart valve disease (83.0% and
66.3%, respectively), as well as in IE-II, which developed
against the background of valve structure dysplasia (9.4%,
8.6%). Swelling of the connective tissue due to the accu-
mulation of intercellular substance in it was recorded in the
dense surface layers of the L and CV in all cases of AR, in
14.3% of cases of IE-I, in 11.2% of observations of IE-II, in
68.9% of cases — in the L and CV of heart valves with initial
dysplasia and 29.2% of valves with RC of their structures.
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Calcification of the heart valve structures was one of
the most frequent morphological features (77.5% of cases).
Moreover, in both groups of rheumatic fever, calcification
was found to a greater or lesser extent in all valves. Calcifi-
cation was detected in 63.8% of patients with non-inflam-
matory AHD, in patients with valve dysplasia and 68.9%
of patients with RC AHD. In patients with IE, calcification
in the thickness of fibrotic altered valve structures was
detected only in IE-II. In addition, a feature of infectious
valvulitis was the presence of calcium in the vegetation. It
was this localisation of calcification that led to 33.2% of
observations of this sign in patients with IE-I. In patients
with IE-II, calcification was observed in 54.3%.

In addition, the presence of nuclear detritus was noted,
which was present in 100% of IE-I and IE-II observations
and was completely absent in other forms of AHD. When
assessing the spongiosis layer of the L and CV of the heart
valves, its thickness was prioritised (Table 6). In rheumatic
malformations, this layer was rarely dilated and often not
differentiated at all due to severe fibrosis. In IE-I, in the L
and CV, namely in areas that were not destroyed by lysis
and massive cellular infiltration, the spongiosis layer was
found to be expanded in 85.4% of cases, and in IE-II only
in 45.9%. Different types of valve dysplasia were accompa-
nied by diffuse or focal expansion of the spongiosis layer in
100%. In RC AHD, this sign was present in 38.5 %.

Table 6. The frequency of detection of morphological changes in the spongiosal layer in various forms of AHD

AHD forms, % Total
No. Morphological feature AR NAR IE-I IE-II VD RC
n=209 n=375 n=190 n=105 n=207 n=291 n=1,377
1. Expansion 0 0 86.4 45.9 100 38.5 38.4
2. Oedema 28.2 0 85.4 0 100 38.5 36.3
3. | Fragmentation of 0 0 0 0 97.2 0 18.1
connective tissue fibres
4, | Collagen cords from 0 0 0 173 74.2 0 16.4
dense superficial layers
5. Fat transformation 0 0 0 0 47.8 13.0 10.8
6. Fibrosis 100 100 0 68.4 314 43.9 65.1
7. Calcification 81.3 100 45.1 53.2 17.5 46.9 62.9

Notes: AR — active rheumatism; NAR — non-active rheumatism; IE-I - initial infective endocarditis; IE-II — secondary
infective endocarditis; VD — valve dysplasia; RC - regression changes

Source: compiled by the authors

Spongiosal oedema was detected in 28.2% of valves in
AR, in 86.4% of IE-I observations, and 100% of specimens
obtained from valves with signs of dysplasia. Primary RC
of the L. and CV were accompanied by oedema of the spon-
giosal layer in 38.5% of cases. Heart valves with subclinical
forms of congenital pathology were characterised by frag-
mentation of connective tissue fibres of the spongiosal lay-
er (97.2%), spread of collagen fibre strands from the dense
surface layers of the L and CV (74.2%), and transformation
of loose fibrous connective tissue of the spongiosal layer
into adipose tissue, which was recorded in 47.8% of cases.

In other AHD forms, these morphological signs were
almost always absent, only 17.3% of IE-II showed collagen
fibre disruption of dense layers and 13.0% of RC AHD had
fatty transformation of the spongiosal layer. Fibrosis of the
spongiosis layer of the L and CV of the heart valves was
noted in 100% of rheumovalvulitis, both active and inac-
tive, in 68.4% of observations in IE-II, in 31.4% of cases in
patients with cardiac valvular dysplasia and 43.9% in pa-
tients with RC AHD. Calcification of the L and CV of the
heart valves extended to the spongiosis layer with greater
or lesser frequency in all groups of observations: in active
rheumovalvulitis — in 81.3% of observations, in NAR - in
100% of cases, in IE-I — in 45.1%, in IE-II — in 53.2% of ob-
servations, in dysplasia — in 17.5%, in AHD heart disease —
in 46.9% of cases.

The analysis of the frequency of macro- and micro-
scopic changes in heart valves allowed us to identify sev-
eral morphological features that are detected with varying
degrees of probability in AHD of various genesis. This made

it possible to carry out morphological diagnostics of the
morphogenesis of acquired heart valve defects, as well as
to verify the nosological affiliation of the AHD for which
patients were operated with maximum objectivity.

AV Bicuspid was an AV defect. The macroscopic char-
acteristics of this pathology are well known and consist
of an increase in the thickness of one of the valves, in the
centre of which crestal transverse thickenings were usually
detected. According to the results of light microscopy, AV
calcification developed as a consequence of fatty degener-
ation of the connective tissue, which was detected even in
patients under the age of 20 (Fig. 1).

Figure 1. Bicuspid AV;
fatty degeneration, calcification. Sudan III-IV. x40
Source: compiled by the authors
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In addition, the aortic surface of such a valve was fine-
ly ribbed, with small areas of irregular fibrosis and some-
times with thinning, up to leaflet tears, which were usually
oriented parallel to the thickened layer due to fibrosis and
translucent overlays in the form of warts. Macroscop-
ic characteristics of congenital MV pathology consisted
mainly of dysplasia of the papillary-chordal apparatus,
which was manifested by irregular arrangement of tendon
strings, decrease or increase in their number, and chang-
es in their thickness, length and direction. This resulted in
the pulling of one or more heads of papillary muscles to
the valves and lengthening of others with their subsequent
fibrosis. There was uneven swelling of the valves, their
deformation due to the formation of aneurysm-like protru-
sions towards the atrium. Such changes were noted in areas
that were not supported by tendon strings. The edges of the
heart valve leaflets had a fistulous appearance, and trans-
lucent growths in the form of warts were localised on them.

Microscopic examination of the heart valves obtained
at autopsies showed that the L TV and pulmonary trunk
valves had a normal structure with a clear parallel orien-
tation of collagen fibres and preserved endothelium. The
surface dense layers of the aortic valve were unchanged in
the CV, with a parallel orientation of intact collagen fibre
bundles, and moderate oedema of the CV spongiosal layer
without specific signs of inflammation. Light microscopy
in the L MV of the heart MVs showed a significant expan-
sion of the middle spongiosal layer due to its oedema, as
well as stratification of collagen fibre bundles of the dense
outer layers of the L, and moderate fibroblast prolifera-
tion in the spongiosal layer.

In the base of the Valsalva sinuses in the CV aortic
valve leaflet, smooth muscle proliferation occurred in
dysplasia of its structures, as well as in MV dysplasia.
Since a particularly pronounced disorganisation of the
connective tissue fibres of the valve with a sharp swell-
ing and expansion of the spongiosis layer, as well as loss
of compactness of the surface dense layers was observed,
smooth myocyte layers often looked like single compact
areas in this part of the V or CV. At the same time, valves
were often observed with further proliferation of young
connective tissue and transformation of loose fibrous
connective tissue into adipose tissue, which reduced the
mechanical strength of the valve (Fig. 2).

Figure 2. Fatty transformation
of the spongiosis layer. Sudan III-IV. X 200
Source: compiled by the authors

In the areas of the leaflets without mechanical sup-
port of tendon strings, whole layers of hyperplastic sub-
endothelial smooth muscle fibres were naturally detected,
which can be considered as a compensatory reaction of the
body aimed at enhancing the reduced mechanical proper-
ties of the heart valve leaflets (Fig. 3).

Figure 3. MV dysplasia, compensatory hyperplasia
of subendothelial smooth muscle fibres.
Hematoxylin-eosin. X 100
Source: compiled by the authors

In patients aged 28+ 5.3 years, homogenisation of the
CV surface layers was observed in some areas of the aortic
valve leaflet. At the same time, the layer in the correspond-
ing area expanded, swelled and acquired a slightly baso-
philic tint with a loss of fibrous connective tissue structure.
Subsequently, calcium was deposited in these areas, which
led to pronounced deformation of the valve flap. Focal ho-
mogenisation of one of the dense surface layers was ac-
companied by the narrowing of the dilated spongiosis layer
and disorganisation of connective tissue structures of the
dense surface layer of the opposite side. In patients aged
37 £ 7.4 years, calcification became the dominant morpho-
logical sign of the disease.

All the changes described above can be attributed to
chronic haemodynamic trauma to the valve structures. Un-
til a certain point, these changes had no clinical manifesta-
tions. However, they can be considered factors that create
prerequisites for the development of more severe patho-
logical processes that give rise to certain clinical symp-
toms. In particular, areas of the valves without a protective
endothelial layer are often the entrance gate for infection,
which leads to the development of heart valve IE [16].

In addition, MVs with subclinical forms of congenital
pathology are early exposed to RC [17]. In this case, en-
dothelial exfoliation occurred, areas of the damaged sur-
face with signs of active fibrogenesis were detected, and
connective tissue fibres within the leaflets were homog-
enised, infiltrated by fat cells and calcified, which led to
rapid decompensation of the valve defect. In addition, the
deendothelialised surface areas were covered with a thin
layer of fibrin, in which lymphocyte cells were localised,
and signs of endothelial cell proliferation were still detect-
ed on the surface of some areas. This was true for both ar-
eas with damaged surfaces (Fig. 4) and internal connective
tissue structures that were subjected to particularly high
mechanical stress.
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Figure 4. MV dysplasia. Sudanophilic degeneration
of connective tissue structures of L Sudan III-IV. X 40
Source: compiled by the authors

Among the 556 MVs studied, it was noted that in
126 patients (22.7%), congenital valve disease began to
be detected in adulthood, even without concomitant pa-
thology. This was the group of the youngest patients with
severe primary dysplasia. In 45 patients, valve dysplasia
was complicated by IE. In 39 cases, signs of congenital MV
pathology were detected in poststroke valvular fibrosis
and calcification. The largest group consisted of patients
with valve dysplasia combined with severe degenerative
changes in connective tissue structures. In 285 cases
(51.2%), lipoidosis with calcification was the only factor
that complicated the initial dysplasia. However, in 61 pa-
tients, more than two etiopathogenetic factors were not-
ed (lipoidosis and EI or lipoidosis and rheumatism).

The group with significant RC signs consisted of
patients of more mature age (48.2+9.3 and 46.6+11.7).
However, the age of patients whose valves were affected
by a degenerative process without underlying dysplasia
was also investigated and found to be 60.8 = 14.5 years,
which is significantly higher than the age of patients
with degenerative valve disease that developed on the
background of MV dysplasia. Thus, changes in the struc-
tural organisation of heart valves associated with chron-
ic haemodynamic trauma affect the functional capacity
of the valve.

DISCUSSION

Modern methods of clinical and instrumental diagnostics
allow to establishment of the mechanical characteristics
of the defect (stenosis or insufficiency), determine the se-
verity of the valvular lesion, the presence and severity of
haemodynamic disorders [18]. The mechanical functions
of damaged valves are currently restored by surgical cor-
rection of the defect, including valve prosthetics. How-
ever, to determine adequate pre- and postoperative drug
treatment regimens for patients, it is also important to es-
tablish the aetiology of the defect (rheumatism, infective
endocarditis, dystrophic changes, coronary heart disease,
etc.), and in the presence of a systemic inflammatory pro-
cess, its activity.

AHD is caused by a variety of pathological processes,
most of which have certain morphological characteristics
that allow distinguishing the processes from each oth-
er [19, 20]. At the same time, many years of experience

in the morphological study of heart valves removed for
AHDs have shown that histological specimens often reveal
features that have not received much attention from re-
searchers [21, 22].

According to the authors of this study, which is also
confirmed by the studies of other researchers [23, 24], in
most cases, the AHD was localised in the valves of the left
heart (MV and AV), which is associated with the greatest
mechanical load on these valves, as high blood pressure is
created here. Only recently have there been defects in the
AHD in which the tricuspid valve is involved in the patho-
logical process. This is associated with infective endocardi-
tis in drug addicts, as well as in people who have undergone
various intravenous manipulations.

Haemodynamic disorders that occur in AHD are caused
by changes in the macro- and microarchitecture of heart
valves [25, 26], structural reorganisation of the connective
tissue components of the valvular apparatus [27] and en-
dothelium. At the same time, the most vulnerable are the
edges of the leaflets, the lines of leaflet closure, the per-
icommissural areas of the AV, MV, and TV, as well as the
bases of the MC chords, i.e. the areas that are exposed to
the greatest hemodynamic impact. According to O. Papu-
ha [28], dynamic mechanical impact on the subject causes
the accumulation of hyaluronic acid in the medium, which
causes the homogenisation of collagen fibres. Static me-
chanical impact does not have this property.

The data obtained in the present study coincide with
those of the authors who studied not only the structural
organisation of heart valves but also the morphological
causes of cardiac conduction disorders. According to M. Su-
giura et al. [29], calcifications acting on the anatomical bi-
furcation of the bundle cause various conduction disorders,
but the most observed blockade of the left or right pedi-
cle or simultaneous blockade of the right pedicle and the
anterior branch of the left pedicle, i.e. bifascicular block.
In some cases, calcifications spreading beyond the fibrous
ring of the aorta, towards the apex of the interventricu-
lar septum, gradually mechanically press on the relevant
parts of the conduction system. In other cases, calcification
spreads beyond the fibrous ring of the aorta by sprouting
the muscular ridge of the interventricular septum, destroy-
ing the tendon strings, which occurs, for example, in rheu-
matic damage to the AV.

The significant role of haemodynamic trauma in
the development of AHD is supported by the data of
T.S. Momberger et al. [30], which show that it is the dy-
namic mechanical effect that stimulates the accumula-
tion of hyaluronic acid in the interstitial tissue, which
causes swelling of the interstitium and collagen fibres.
Even minimal morphological changes of a congenital na-
ture in heart valves lead to an increasing remodelling of
heart valve structures, which is consistent with the data
of E. Aikawa & ].D. Hutcheson [31]. The process of trans-
formation of the valve leaflets occurs through morpho-
logical changes, namely fragmentation and stratification
of collagen fibre bundles with swelling of the spongiosis
layer. The surface of such valves, especially along the line
of leaflet closure, at the base of the tendon strings of the
MV and in the commissures, is damaged. All these chang-
es are a consequence of the chronic mechanical effect of
blood flow on the valve structures. Subsequently, these
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damages can, on the one hand, be aggravated by fibro-
sis, fatty degeneration, and calcification, and on the oth-
er hand, compensatory mechanisms are involved in the
process that improves mechanical strength and thus the
functional capacity of the valves, namely, the authors of
this paper consider hyperplasia of subendothelial smooth
muscle cells to be a compensatory mechanism.

This study also examined a group of isolated abnor-
malities of valve structures (minimal forms of dysplasia)
that did not impair valve function in the first decades of
life and, accordingly, did not produce any clinical man-
ifestations. When non-inflammatory NAV affects people
of young and mature age, clinicians define the defect as
idiopathic. This includes, for example, Barlow’s disease,
which occurs in 1.5-17% of the population [32]. Howev-
er, after 20-30 years, according to the above studies, this
pathology led to the early development of degenerative
changes in connective tissue structures. Over time, the
changes caused by dysplasia were complicated by calci-
fication, and then clinicians diagnosed either calcifying
heart disease or stenosing calcification. This pathology
was manifested by significant haemodynamic disorders
and required surgical correction.

However, many doctors consider age-related changes
in heart valves (primarily in the AV) to be almost normal
and do not pay attention to the appearance of a systolic
murmur in the aorta when monitoring a patient. In addi-
tion, as a result of environmental changes and an increase
in the prevalence of anthropogenic factors that accelerate
the development of calcific heart disease, this disease be-
gan to occur at the age of 45-50 years [33]. At the same
time, with age, small forms of valvular pathology acquire
the character of a clinically significant process and are
often mistakenly interpreted as infective endocarditis,
rheumatism, etc. Thus, AHD occurs as a result of various
factors that determine the development of morphological
changes in the valvular apparatus of the heart, which are
characteristic of each of the nosological forms.

However, the morphogenesis of the AHD contains el-
ements that are common to all or most types of acquired
defects. Specific features include fibrinoid necrosis,
Ashof-Talalayev granulomas, productive-destructive vas-
culitis - in rheumatic heart disease; leukocyte infiltration
with numerous neutrophils, lysis of heart valve structures,
vegetations, abscesses — in IE; changes in the number of
CVc valve leaflets, disorders of the architecture of the
papillary-trabecular apparatus and MV leaflets, as well
as compensatory hyperplasia of subendothelial smooth
muscle cells — in AHD developing against the background
of subclinical forms of valve dysplasia; age-related degen-
erative changes in connective tissue with lipoidosis and
subsequent calcification - in AHD of degenerative genesis.

All heart valves are united by the fact that they are in
the heart cavities and are subject to constant systolic and
diastolic effects of intracardiac blood flow. Therefore,
AHD is characterised by morphological changes associ-
ated with chronic haemodynamic trauma. In addition,
the heart valves are constantly in direct contact with a
large amount of blood, and therefore any damage to the
endothelial layer provides access to the valve structures
for lipids and peroxidation products that are present in
the blood in varying amounts. Consequently, changes in

the architectonics of the MV lead to the transformation
of its structural components, which causes a violation
of the valve’s functionality. Hemodynamic trauma with
damage to the endothelial layer and lipoidosis of valve
structures plays an important role in the formation of
heart disease.

CONCLUSIONS

Persistent changes in the architecture of heart valves lead
to chronic haemodynamic injury, causing the transfor-
mation of structures with impaired valve functionality.
Hyperplasia of subendothelial smooth muscle fibres in L
valves with mild dysplasia can be regarded as a compen-
satory mechanism associated with the need to increase
mechanical strength and thus the functional capacity of
valves. MV dysplasia can lead to the development of IE-II,
rheumatism, and RC heart valve disease. It should be not-
ed that secondary valve deformation associated with rheu-
matic sclerosis or RC exacerbates hemodynamic injury and
contributes to the morphogenesis of mitral heart disease.

A wide range of changes is recorded in the structures
of the heart valves, which are present in varying degrees
of severity in the case of AHD of different genesis. Signs
of significant calcification were detected in 65.7% of
non-inflammatory AHD, including 14.1 % of the defect
associated with age-related degenerative changes in the
connective tissue structures of the valve and 13.3 % with
subclinical dysplasia. Dystrophic changes in the struc-
tures are manifested by homogenisation of collagen fibres
with their subsequent fatty infiltration (in 100% of cases
of degenerative AHD, 64% of cases of AHD with subclini-
cal forms of dysplasia, 59.8% of cases of rheumatism and
51.1% of cases of secondary infective endocarditis), as
well as fatty transformation of the loose connective tissue
of the spongiosal layer. These changes are accompanied
by lipophage accumulation and calcification. Morpholog-
ical studies have established that, unlike acute rheumatic
heart disease, in chronic active and inactive rheumatism,
factors caused by chronic haemodynamic trauma to the
deformed valves (fibrogenesis on the damaged leaflet sur-
face in 100% of cases of active rheumatic heart disease
and 97.8% of cases of inactive rheumatism), as well as
degenerative changes in scar tissue, are involved in the
formation of AHD. The intracardiac localisation of heart
valves causes a constant haemodynamic influence of sys-
tolic and diastolic blood flows on their structures. At the
same time, any changes in valve architecture cause ab-
solute hemodynamic damage to the endothelium, which
contributes to the development of AHD of various genesis
and is manifested by morphological changes in endothe-
lial cells with various types of damage. Thus, mechani-
cal overload of valves in hemodynamic injury precedes
the development of valve failure. Further morphological
diagnostics of AHD will allow for accurate verification of
the defect and the development of adequate postopera-
tive treatment regimens.
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AHoTauif. ApXiTeKTOHiIKa KJIaraHiB ceplisl ONTMMAaJIbHO ajarnToBaHa A0 ix (iziomoriunoi ¢yHkIiii — piBHOMipHOMY
pO3IOAiNy MOTOKIB KPOBi B KaMepax ceplisi, TOMy HaBiTb HeBeJNMKi 3MiHM CTPYKTYPHUX KOMIIOHEHTIB K/allaHiB, SKi
CIIOYATKY € (QYHKI[iOHAJIbHO KOMIIEHCOBAaHMMM, BiJirpaloTh 3HAUHY POJIb ¥ PO3BUTKY BaAM Cepls Ha OUIbIN Mi3HiX
eTarnax JXUTTS XBOPOro. MeTor JOCTiIsKeHHSI 6Y/I0 3’ICyBaTH BIUIMB XPOHIYHOI reMOMHAMIUYHOT TPAaBMUM Ha CTPYKTYPHY
peorpaHisallifo KiamnaHiB cepus aoguHu. JocmimkeHo 1377 kiarnaHiB ceplist JIOOMHM, sIKi OTpUMMaHi mifg yac orepariii
MpoTe3yBaHHS KiamnaHiB y HallioHa/ibHOMY iHCTUTYTi cepiieBO-CyaMHHOI Xipyprii im. M. M. AmocoBa 3 2010 o 2022 pik.
ITix yac moctiiskeHHS BU3HAUaBCSI TOBHMIT HA6ip BapiaHTiB Makpo- Ta MiKpOCKOMIUHMX 3MiH MOPQOIOTiYHUX CTPYKTYP,
SIKi XapakKTepHi AJisI peBMaTUYHOI XBOPOOU ceplisl, iHQEeKLiiHOTO eHAoKapAUTY, OUCIIACTUYHUX i AeCTPYKTUBHUX
3MiH KjiamnaHiB cepiist. CyKyIHICTh BCiX MOpGOIOTiYHMX 03HAK Gy 06’e¢mHaHi B anroputm «Mopdosoriudi mposiBu
HabyTUX Baj cepiisd pi3HOro reHe3y». BCTaHOBIEHO, O 3MiHA apXiTeKTOHIKM MiTpaJbHOTO KJIarmaHa Mpu3—BOIASTH J0

Bulletin of Medical and Biological Research. 2024. Vol.6, No. 1


https://orcid.org/0000-0003-4910-6888
https://orcid.org/0000-0003-3640-566X
https://orcid.org/0000-0001-6846-888X
https://orcid.org/0000-0002-3448-1792
http://cvs.org.ua/index.php/ujcvs/article/view/550
http://cvs.org.ua/index.php/ujcvs/article/view/550
https://acbjournal.org/journal/view.html?doi=10.5115/acb.20.093
https://acbjournal.org/journal/view.html?doi=10.5115/acb.20.093
https://imbg.org.ua/docs/specscicouncil/20210928/Papuga_disser.pdf
https://imbg.org.ua/docs/specscicouncil/20210928/Papuga_disser.pdf
https://doi.org/10.1536/ihj.15.113
https://doi.org/10.1536/ihj.15.113
https://doi.org/10.1016/j.matbio.2005.08.006
https://doi.org/10.1016/j.matbio.2005.08.006
https://pubmed.ncbi.nlm.nih.gov/35388675/
https://pubmed.ncbi.nlm.nih.gov/35388675/
http://repository.pdmu.edu.ua/handle/123456789/18861
http://repository.pdmu.edu.ua/handle/123456789/18861
http://repository.pdmu.edu.ua/handle/123456789/18861
https://pubmed.ncbi.nlm.nih.gov/8186554/
https://pubmed.ncbi.nlm.nih.gov/8186554/

L. Fedoniuk et al.

TpaH—-copMmaIlii 1oro CTPYKTYpHMUX KOMITOHEHTIB, 1[0 BUKJIMKAE TTOPYIIeHHS GYHKI[IOHATbHUX MOKIMBOCTEI KJIalaHa.
Byno mocimkeHo, Mo CTiiki 3MiHM, SIKi TOB’SI3aHi 3 XPOHIYHOIO reMOAVHAMIUHOI0 TPAaBMOI0, 3MEHIIYIOTh MEeXaHIuHY
MiIIHiCTh KjIaraHa, He3Bakalouy Ha KOMIIEHCATOPHMIT MeXaHi3M rinepruiasii cybeHgoTemaibHNX IMagKuX M SI30BUX
BOJIOKOH Y CTYJIKaX KjaraHiB cepiisi. Y MogaablIoMy JaHi MONIKOIKEeHHSI MOXKYTb, 3 OHi€T CTOpOHM, MOTJINOIIOBATUCS 32
paxyHoK ¢i6po3y, K1poBoi gereHepaiiii Ta KaabI[MHO3Y, a 3 iHIIOT — Y ITPOIiec BKIIOUAIOThCSI KOMIIEHCATOPHI MeXaHi3Mu,
a came rinepruiasisg cy6eHIoTeniaTbHUX M I30BUX KITITUH, sTKa 4acTo GOPMYE CYLiIbHI MJIaCTH, 110 MTOBUHHI TOCUIUTH
Ta YKPiNUTH MeXaHiuyHy MilIHICTb, i TUM caMMM — QYHKIIiOHAIbHY KOMITETEHTHICTh K/IanaHiB. JycIuiasis MiTpaabHOTO
KJIallaHa MOXKe TMPU3BECTM OO0 PO3BUTKY BTOPUHHOTO iH(MEKIITHOTO eHAOKapAMUTY, PeBMATU3My Ta Baay KiiaraHa
JlereHepaTUBHOIO I'eHe3y. AJITOPUTM BM3HAUEHHST 3aKOHOMipHOCTEe MOP@OJIOTiUHMX 3MiH KJIAIIaHHOTO arapaTy ceplist
Mpy pisSHOMAa—-HITHMX BapiaHTaxX HAGYTMX Baj 3amlajbHOrO Ta He3alaJlbHOTO I'eHe3iB Moke 6yTY BUKOPUCTAHUIA MPU
YIOCKOHAJEHHI CXeM eTionmaTOreHeTUMUHOT0 MeOMKAaMEeHTO3HOTO JIIKyBaHHS XBOPUX 3 HAOYTMMM BajaMu cepiid, a
TaKOX — B SIKOCTi TEOPeTUUYHOI OCHOBM [IJIs pO3PO6KM HOBMX BU/IiB KarmaHo30epirarounx oneparii
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