OpuriHanbHi JOCTiIKeHHA

Original research

YIK 616.12+616.126+616.126.42
DOI 10.11603/bmbr.2706-6290.2022.3.13179

O. G. Popadynets', Ya. O. Bilyk?, S. V. Chornii? O. M. Yurakh', N. M. Dubyna', L. Ya. Fedoniuk*

Ivano-Frankivsk National Medical University'
I. Horbachevsky Ternopil National Medical University”

MORPHOLOGY OF THE HUMAN CARDIAC VALVES OF INFLAMMATORY AND
NON-INFLAMMATORY GENESIS OF THE AQUIRED HEART DEFECTS

Morphology of the human cardiac valves of
inflammatory and non-inflammatory genesis of the
aquired heart defects

0. G. Popadynets?, Ya. O. Bilyk?, S. V. Chornii?,
O. M. Yurakh?, N. M. Dubyna?, L. Ya. Fedoniuk?

Ivano-Frankivsk National Medical University*
I. Horbachevsky Ternopil National Medical University?

e-mail: opopadynets@ifnmu.edu.ua

Summary. The prosthetics of the heart valves was and
remains one of the main parts of cardiac surgery. Reliable
information about the nature of valve heart defects will be
useful for developing the most effective treatment regimens
for patients.

The aim of the study — to investigate morphological
peculiarities of the heart valves, which were removed during
the surgical replacement of their prostheses.

Materials and Methods. The material for the mor-
phological study of the valves was taken in the Institute of
Cardiovascular Surgery named after M. M. Amosov. There
were studied the main structural components of 855 valves
(377 mitral and 478 aortic ones). Out of the cusps, chordae
and papillary muscles, according to the generally accepted
method, there were made histological specimens, which
were stained with hematoxylin-eosin, with picrofuchsin ac-
cording to Van Gieson method, Weigert resorcin-fuchsin
method and also according to MSB method in Zerbino-
Lukasevich modification. Frozen sections were processed
by means of Sudan to identify adipose cells.

Results. There was revealed the predominance of
lesions of the aortic valve. The frequency of pathological
processes causing acquired heart defects has been
clarified. The analysis of structural changes revealed the
predominance of lipoidosis in the group of non-inflammatory
valve damage. When estimating the specific gravity of
lipoidosis in 46.4 %, it was combined with rheumatism,
infectious endocarditis, dysplasia, and myxomatous
degeneration.

Conclusions. Morphological analysis of the surgical
specimen showed that acquired heart defects are some
polymorphic pathologies. In the foreground among the
causes of defects there is rheumatic valvulitis (49.7 %), in the
second place — non-inflammatory valve damage (38.4 %),
in the third place - infective endocarditis (10.4 %).
Acquired heart defects, caused by one of the above-
mentioned reasons, are often complicated as a result of the
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MopdonoriyHi nposiBM HaGyTUX Baj, KnanaHis cepus
NIOANHM 3anaJibHOrOo | He3ana/ibHOro reHesy

O. I. MonaguHeub?, A. O. Binuk?, C. B. YopHiit?,
O. M. Opax?, H. M. ly6uHa?t, 1. . deaoHIOK?

IBaHO-®PpaHKiBCbKUll HayioHa/IbHUU MeoQuYHUl
YHiBepcumem?

TepHoninbCcbkul HayioHasibHUl MeduyHUU yHiBepcumem
imeHi I. 5. Mlopbayescbkoeo MO3 YkpaiHu?

Pe3tome. pome3sysaHHs1 kianaHis cepysi 6ys10 i 3a-
Jluwaemscsi OOHUM 3 OCHOBHUX PO30iniB y kapoioxipypeali.
JlocmosipHa iHghopmauyisi po npupoody KaanaHHUX 8ao cep-
ysi 6yoe KopucHa 07151 pO3PO6KU HalleghekKmuBHILIUX cxem
JliKyBaHHS nayjieHmis.

MeTa pgocnipxeHHa — B8UB4UMU MOPEHO/I02i4HI 0CO6-
JIUBOCMI KAanawis cepys, siki 6y/iu sudasieHi riod Yac xipyp-
2I4HOT 3aMiHU IX npome3samu.

Martepianu i meTogu. Mamepian 07151 MOpgho/102i4HO-
20 0O0C/IIOXeHHs1 KnamnaHig y3s/1u 8 IHcmumymi cepyeso-
CyOUHHOT Xipypeii imeHi M. M. Amocosa. Busyusiu OCHOBHI
CMPYKMypHI komroHeHmu 855 knanais (377 mimpasibHUx
i 478 aopmasibHUX). 3 MiCUb MepemuHy Xopo i COCOYKOBUX
M's3i8 3a 3a2asibHONPUUHSIMOK MEeMOOUKOK 6y/1u ompu-
MaHi 2icmosioaiyHi 3pi3u, siki ¢hapbysasiu 2eMamoKCU/TIHOM
ma €eo3UHOM, TMiKPOhyKCUHOM 3a MemodoM BaH [i30Ha,
pPe3opyuH-hyKCUHOM 3a MemMOoOoM Belizepma, a makox 3a
memodom MSB y modupikayii /lykacesuda — 3epbiHo. 3a-
MOPOXEHI 3pi3u 06p06/15i/IU CyOaHOM O/is1 BUSIB/IEHHST XXUPO-
BUX K/IMUH.

Pe3ynbratn. Busis/ieHO ypaxeHHsi nepesaxHo aop-
masibHO20 KnanaHa. 3'icosaHO 4acmomy namosioeiyHux
npoyecis, WO BUK/UKaOMb Habymi sadu cepuys. AHasi3
CMPYKMYPHUX 3MIH r1oKa3as repesaxaHHs /1inoioosy 8 2py-
i YWKOOXEHb K/1anaHa Hesana/bHo20 2eHe3sy. pu oyiHyi
numomor sazau /inoioosy 8 46,4 % B8iH NOeOHyBaBscs i3 pes-
mMamusmoM, iHghekyiliHuM eHOokapoumom, oucrsiasiero ma
MIKCOMamo3Ho dezeHepayiero.

BUCHOBKUW. Pe3ysismamu MoOph0/s102i4HO20 aHasli3y
3pi3iB nokasasiu, Wo Habymi saou cepysi S8/15910Mb CO60H0
rnosiMopchbHi namosoeii. Ha nepwomy micyi ceped npuyuH
Habymux sad kianaHis cepysi € pesmamoioHuli sasibsysim
(49,7 %), Ha Opy2omy — He3arnasibHe YPaxeHHs K/anaHis
(38,4 %), Ha mpembomy — iHpekyiliHuli eHookapoum
(10,4 %). Habymi sadu cepysi, BUK/IUKaHI OOHIEI0 3 BUWE-
3a3HaqyeHUX MPUYUH, Yacmo YCK/1adHIOMbCSI 8 pe3y/ibma-
mi HawapysaHHs 3MiH, 5iKi Nos'a3aHi 3 2eMOOUHaMIi4HOK
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layering of changes that are associated with hemodynamic
trauma of the endocardium or lipoidosis. Cholesterol
necrosis of the cusps is the basis for the development of
infective endocarditis.

Key words: heart; endocardium; valves; endothelial

function; structural changes.

INTRODUCTION

The prosthetics of the heart valves was and
remains one of the main sections of cardiac surgery
[3, 4, 8, 10]. In previous years, these operations
have been performed in rheumatic valve failures.
However, as the literature data show, the prevalence
of rheumatic heart disease hasn’t decreased so far
[1, 9]. Rheumatic heart disease is one of the most
critical form of acquired heart diseases in children
and young adults living in developing countries.
Rheumatic heart disease accounts for approximately
15 to 20 percent of all patients with heart failure in
endemic countries [1]. A study of rheumatic heart
disease cases estimated — there were globally 33.4
million cases of rheumatic heart disease and 319,400
deaths due to rheumatic heart disease in 2015 [9].
The incidence of rheumatic heart disease is highest
in Oceania, central sub-Saharan Africa, and South
Asia. In 2015, there were noted to be 3.4 cases
per 100,000 population in nonendemic countries
and 444 cases per 100,000 population in endemic
countries [9]. Therefore, the surgical correction of
affected heart valves remains high enough [3, 7, 8].
Heart valve diseases are common disorders with five
million annual diagnoses being made in the United
States alone [6]. Data from a clinical examination of
patients do not always allow the exact differentia-
tion of the nature of changes in the valve apparatus
of the heart. Since the beginning of the twenty-first
century, the field has been rapidly changing with the
introduction of transcatheter heart valve implantation
and repair [4, 6, 10].

Reliable information about the nature of valve heart
defects will be useful for developing the most effective
treatment regimens for patients [2].

The aim of the study —to investigate morphological
peculiarities of the heart valves, removed during the
surgical replacement of their prostheses.
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mpasmMoro eHookapoa abo /1inoido3om. XosnecmepuHosuli
HEeKpO3 CMy/IOK € OCHOBOK 0Jis1 PO3BUMKY IHGheKYiliHo20
eHookapoumy.

KnwouoBi cnoBa: cepue; eHAokapa, knanaHu;, eHgoTeni-
anbHa PYHKLiS; CTPYKTYPHI 3MiHU.

MATERIALS AND METHODS

For the morphological study of the valves the
material was taken in the Institute of Cardiovascular
Surgery named after M. M. Amosov. There were studied
the main structural components of 855 valves (377
mitral and 478 aortic ones). Out of the cusps, chordae
and papillary muscles, according to the generally
accepted method, there were made histological
specimens, which were stained with hematoxylin-eosin,
with picrofuchsin according to Van Gieson method,
Weigert resorcin-fuchsin method and also according
to MSB method in Zerbino-Lukasevich modification.
Frozen sections were processed by means of Sudan
to identify adipose cells.

RESULTS AND DISCUSSION

Microscopic examination of the valves has shown
(Table 1) that in 49.7 % of the observations, the defect
of the valves had rheumatic genesis. At the same time,
in 30 % of cases, the changes resulted in more or less
sclerotic deformation of the valve structures, which was
accompanied by an increase in their volume and the
formation of dense calcium. The last one was located
mainly in the area of the adherent commissures and
along the closure of the cusps. There were no signs of
active rheumatic inflammation.

However, there were detected: damage to
endothelial deprivation, organized fibrin layers and
manifestations of continuous chronic non-specific
cell infiltration, usually — with a significant number of
fibroblasts in 125 out of the 424 valves of this group
in deformed cusps, especially in the commissure
site, as well as at the base and on the surface of the
capsulated calcifications. These changes may be
due to hemodynamic trauma of the deformed, rigid
valve structures. In 33.5 % of patients (142 valves),
pronounced tissue manifestations of active rheumatoid
process were revealed. In two aortic valves, a fibrinoid
necrosis of collagen fibers with a macrophage reaction

Table 1. The frequency of pathological processes causing acquired heart defects

valves Total number of Rheumatism Infectious endocarditis Non-inflammatory
valves inactive active primary secondary damage
Mitral 377 131 56 18 16 156
Aortic 478 152 86 26 42 172
In total 855 283 142 44 58 328
100 % 425 102 38.4%
49.7 % 11.9 %
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was observed against the background of sclerotic
changes, which led to the formation of the Aschoff-
Talalaev granuloma or some larger disorganization foci,
surrounded by macrophage infiltrate with admixture of
lymphocytes. In these patients, the cusps of the valve
were vascularized and the manifestations of productive-
destructive vasculitis were recorded in the vessels. In
other observations, the rheumatic lesion of the valves
was less acute; in the preparations there were signs
of the organization of necrosis foci with macrophage
dystrophy, as well as with active fibroblastic reactions
and calcification.

There were 102 patients (10.4 %) operated on for
infectious endocarditis. The aortic valve was damaged
in 68 of them, the mitral valve — in 34 patients. In
44 cases, infective endocarditis was interpreted as
primary, while macroscopically, manifestations of
enzymatic tissue lysis in the form of destruction of
the edges of the cusps or perforations in the center
dominated in the valve cusps and commissures. Loose
vegetation was present in the areas of destruction
of valve structures. Rarely, the edges of perforative
openings were smooth, thinned or slightly perforated.
The tissue surrounding them was thin, elastic and
partially swollen. However, a significant increase in the
volume of cusps and commissures in primary infective
endocarditis was not observed. In 58 observations
(57.1 %), infectious endocarditis was considered
secondary, as it developed against the background
of post-rheumatic deforming sclerosis of the valves.

38.4 % of the valves were not assigned to either
rheumatism or infectious endocarditis (see Table 1).
Table 2 shows the decoding of this group. Out of 328
observations, 123 (37.5 %) valves had signs of various
dysplastic changes. In the mitral valves, these changes
mostly related to the papillary-chordal apparatus with
valve prolapse (Table 2). In the aortic valves, one of
the commissures was missing as a result of the fusion
of one of the cusps (bicuspid valve).

4 % of the valves of this group had signs of
myxomatous degeneration: expansion and swelling
of the spongy layer of the cusps, local fragmentation
of connective tissue bundles of dense surface layers
with damage to the endothelium and zones of reactive
fibrogenesis.

However, the largest number of observations in
this group — 50.3 % (165 valves) was due to lipid

damage of the valves, which was macroscopically
manifested by three main options: 1 — flat sub-
endothelial plaques of light-orange colour, which were
localized mainly in the peri-anular part of the cusps;
2 —voluminous, clearly delimited calcifications, which
protruded in relief above relatively thin cusps; 3 —
thinning, micro-aneurysms and linear perforations in
the cusps without signs of fibrosis.

According to the microscopic structure, sub-
endothelial plaques differed little from cholesterol
granulomas, which are observed in vessels in
atherosclerosis. On the surface of the cusps, flat foci of
necrosis were revealed, which gave a positive reaction
to fats, often with the presence of cholesterol crystals.
Infiltration with monocyte cells was noted around these
foci, among which there were groups of lipophages
and drops of freely located fat stained with Sudan in a
bright-orange colour.

Calcifications, which were formed as a result of lipid
damage to the valves, contained cholesterol crystals,
as well as plaques. Their fibrous capsule was markedly
sudanophilic, but lipophages and free Sudan-positive
material were absent.

A variant of lipoidosis with acute destruction of
Cusps in macroscopic examination can be mistaken for
infectious endocarditis. However, when staining for fats
around the tissue defect, numerous light-yellow drops
of fat are observed, which merge with each other, as
well as many foam cells of the same colour. Cholesterol
crystals, calcium and polymorphonuclear leukocytes
were not detected in these areas.

When processing all the material with Sudan (106
valves), it was found (Table 3) that in 26.4 % of cases,
the lipid damage of the valves is superimposed on the
post-rheumatic changes, complicating the deformation
of the cusps, and in 4.8 % of observations, the lipid
damage is present when the rheumatic process is
activated.

In 5 (4.8 %) valves, cholesterol necrosis became
the basis for the development of infectious endocarditis.
Lipoidosis complicated valve dysplastic changes in 3
patients and myxomatous degeneration in 8 patients.
In 23 cases, atherosclerotic lesion of the valves
appeared as an independent disease, and only in
32.1 % of observations, the valve preparations were
Sudan-negative. These were mostly patients younger
than 30 years old.

Table 2. Non-inflammatory valve damage

T f pathol
Total number of ype of pathology
Valves . Myxomatous S Other types of
valves Dysplasia - Lipoidosis
degeneration pathology

Mitral 156 78 2 64 12
Aortic 172 45 11 101 15
In total 328 123 13 165 27

(100 %) (37.5 %) (4 %) (50.3 %) (8.2 %)

3(13),2022

BiCHUK MegMUYHUX i 6ioNoriyHMX AocnimKeHb
Bulletin of Medical and Biological Research

ISSN 2706-6282(print)
ISSN 2706-6290(online)



OpurinanbHi JOCTiIKeHHA

Original research

Table 3. Specific gravity of lipoidosis of the heart valves in all the operating material (n = 106 valves)

The nature of valve damage
Valve N Inactiye ACtiVPT Infectio_u S Dysplasia+ Myxomatp us Absence of
Lipoidosis | rheumatism + | rheumatism | endocarditis + | 27" " degeneration + o
lipoidosis + lipoidosis lipoidosis lipoidosis lipoidosis lipoidosis
Aortic 17 11 1 4 2 7 19
Mitral 6 17 4 1 1 1 15
In total 23 28 5 5 3 8 34
(21.6 %) (26.4 %) (4.8 %) (4.8 %) (2.8 %) (7.6 %) (32.1 %)

The results of our study are consistent with the
data of other authors, which indicate the dominance
of degenerative valve lesions [2] and the key role of
hemodynamic trauma [5, 6].

CONCLUSIONS

Morphological analysis of the surgical specimen
showed that acquired heart defects are some
polymorphic pathologies. In the foreground among the
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