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Features of compensatory and adaptive reactions
of the vascular bed of the bladder of elderly and senile
men with prostatic hyperplasia

lgor S. Shormanov, Sergey V. Kulikov, Andrey S. Solovyov

Yaroslavl State Medical University, Yaroslavl, Russia

BACKGROUND: Bladder outlet obstruction caused by prostatic hyperplasia eventually leads to detrusor working hyper-
trophy, and its development is impossible without synchronous remodeling of its vascular bed. Taking into account the age-
associated nature of the disease, bladder transformation occurs following involutive structural changes of both the organ and
its vascular system due to natural aging. To date, morphological features of compensatory reactions of the vascular bed, taking
into account background age-related changes in the bladder wall, is not fully disclosed.

AIM: To investigate the structural transformations of the bladder and its vascular bed in elderly and senile persons with
prostatic hyperplasia and to determine the significance of vascular restructuring in providing compensatory detrusor hyper-
trophy.

MATERIALS AND METHODS: Autopsy material from 35 men aged 60-80 years who died from diseases not related to
urological and cardiovascular pathology was examined, as well as those from 25 men of the same age who had prostatic hy-
perplasia without signs of bladder decompensation. The control group included 15 men aged 20-30 years who died as a result
of injuries. A complex of histological, morphometric and immunohistochemical methods was used

RESULTS: In patients with prostatic hyperplasia, there is a violation of the histoarchitectonics of the bladder, which is
expressed in the development of focal detrusor hypertrophy, layering on the existing involutive changes, which are char-
acterized by the atrophy of muscle fibers, sclerosis of the intermuscular stroma, defragmentation of the elastic frame,
and neurodegenerative processes. A similar state of the detrusor is caused by sclerosis and hyalinosis of small arteries and ar-
terioles, hypertrophy and hyperelastosis of large arteries associated with arterial hypertension, combined with atherosclerosis
of extraorganic arteries. Moreover, a complex is formed in the vascular basin of the bladder that can regulate blood transport
in conditions of increasing chronic ischemia and provide a normal blood supply to the preserved parts of the detrusor that can
undergo hypertrophy with an increase in functional impairment. These structures include intimate muscles, muscular elastic
sphincters, polypoid cushions of the conti arteries, muscle “couplings,” muscle rollers, and vein valves.

CONCLUSIONS: Structural changes in the bladder are characterized by a combination of focal detrusor atrophy resulting
from angiosclerosis and development of hypertrophy of preserved areas with an increase in functional load. The hypertrophic
potential of the detrusor is attributed to vascular regulatory structures.
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OcobeHHOCTM KOMNEHCaTOPHO-afanTaLUOHHbIX
peaKuui COCyAMCTOro pycna Mo4YeBoro nysbips
MY)XYMH NOXXUJIOr0 U CTap4YecKoro Bospacta

B YCJIOBUSIX FMNepnaasuy NpeacraTesbHOM JKenesbl

I.C. LopmaHos, C.B. Kynukos, A.C. ConoBbes

fApocnaBcKui rocyAapcTBeHHbI MeAULIMHCKUIA YHUBEpcuTeT, Apocnaenb, Poccus

AxkmyaneHocme. VHbpaBe3ukanbHas 06CTPYKUms, 00ycnoBeHHas runepniasueil npeacTaTesbHOi JKenesbl, Co BpeMe-
HeM MpUBOAMT K paboueit runepTpoduM LeTpy30pa, pa3BUTUE KOTOPOK HEBO3MOXHO 63 CMHXPOHHOMO PeMOAEeNMpOBaHUS
ero CoCyaucToro pycna. YuuTbiBasi BO3pacT-acCoLMMpOBaHHYI0 Mpupofy 3abonieBaHus, TpaHCHOpMaLMs MOYEBOrO My3bips
MPOMCXOAMT Ha GOHE MHBOJIIOTUBHBIX CTPYKTYPHBIX M3MEHEHWUI KaK CaMOoro opraHa, Tak W ero COCyAMCTON CUCTEMbI, pa3Bu-
BaIOLLMXCA B MPOLIECCe eCTECTBEHHOrO CTapeHus. Ha cerofHAWHUA AeHb Mopdonorieckue 0Co6EHHOCTU KOMMEHCATOPHbIX
peaKuMit CoCyAMCTOro pycna ¢ y4eToM (OHOBbIX BO3PACTHbIX U3MEHEHWIA B CTEHKE MOYEBOTO My3bipsi OCTAlOTCA [0 KOHLA
He PacKpbITbIMK.

Llene — w3yyeHue CTPyKTypHbIX Npeobpa3oBaHuii MOYEBOro My3bpsi U €ro COCYAMCTOr0 pycra Y JIL MOXWIONo U CTap-
YecKoro Bo3pacTa Npyu rMnepnasuu NpeacTaTesbHON Xenesbl, a TaKKe OnpefeNeHne 3HaYeHUs COCYANCTON NepecTPOKy
B 0BeCrneyeHny KOMMeHcaTopHol rMnepTpodum AeTpy3opa.

Mamepuanel u Memodsl. ViccnenoBaH ayToncuMiHbIA MaTepuan oT 35 MyxumH 60—80 net, yMepLumx 0T 3aboneBaHui,
He OTHOCALLMXCS K YPONOrNYecKOn U CepAeyH0-COCYAUCTON NaToNOrK, a TaKiKe 0T 25 MyXUMH TOrO JKe BO3pacTa, UMeBLLUMX
runepniaswio NpeacTatenbHoi xenesbl 6e3 NpU3HaKoB JeKoMMeHcaLmMu MoYeBoro ny3bipsi. KoHTposbHYyto cepuio MaTepuana
coctasuam 15 mMyxumH B Bo3pacte 20-30 net, normblumre B pe3ynbTate TpaBM. Mcnonb3oBaH KOMMIEKC FUCTONOTMYECKUX,
MOP(hOMETPUYECKUX Y UMMYHOTUCTOXUMUYECKVX METOAMK.

Pe3ynemamel u obcyscdeHue. Y naumeHTOB ¢ runepniasvei NpeacTaTesbHON Xene3bl MPOUCXOAUT HapyLUeHWe rMcToap-
XUTEKTOHWKM MOYEBOr0 My3bIps, YTO BbIPaXKaeTcs B Pa3BUTUM 04aroBoii runepTpodum LeTpy30pa, HaciauBatoLLelics Ha uMe-
H0LLMECA MHBOJTIOTUBHbIE U3MEHEHMS, KOTOPbIE XapaKTepu3ylTcs aTpodueil MbILLEYHbIX BOSIOKOH, CKIIEPO30M MEKMbILLIEYHOM
CTPOMBbI, ieparMeHTaLMeil 3NacTMYECKOro KapKaca U HelipofereHepaT BHbIMM npoueccamu. [ofobHoe cocTosHMe AeTpy3o0-
pa CBA3aHO C HapYLLEHMEM aHMMOAPXUTEKTOHUKM B BUAE CKIIEPO3a M TaiMHO3a MEJIKUX apTepuii U apTepuon, runepTpodum
W TUMEP3NacTo3a KPYMHbIX apTepuid, BOSHUKAIOLLMX NPy apTepuasbHOM MMNepTeH3uu B COYETaHUN C aTepOCKIIEpPO30M BHEOP-
raHHbIX apTepuid. Mpy 3TOM B cocyaMCTOM bacceiiHe MOYeBOro Ny3bipsi POPMUPYETCA KOMMJIEKC 06pa30BaHui, perynupyoLLmMx
TPAHCMOPT KPOBM B YC/IOBUSAX HapacTatoLLel XpOHUYECKOI ULLieMUM, 0becreymnBaloLLMX HOpMabHOe KpOBOCHabeHue coxpa-
HEHHbIX YYaCTKOB AeTPy30pa, CNOCOBHbIX NOABEPraThCa r1nepTpoduM NPy NOBLILIEHNM BYHKLMOHANBHOI Harpy3ku. K Takum
CTPYKTYpaM OTHOCSTCS MHTUMasbHasi MyCKY/aTypa, MbILLIEYHO-3/1acTUYECKUe COUHKTEPBI U NOMNOBUAHbIE NofywKKU KoHTH
apTepuid, a TaKXKe MblLlLeyHble «MyQTbi», MblLLEYHbIE BaZIMKM U KNanaHbl BEH.

3akntyerue. CTPYKTypHblE M3MEHEHNS MOYEBOIO Ny3bIpA XapaKTepU3YTC COYETaHWEM 04aroBoii aTpodum AeTpysopa,
BO3HMKalOLLEV B pe3ysibTaTe aHrMoCKIIepo3a, M pasBUTMEM rMnepTpoduM COXpaHeHHbIX Y4aCTKOB NpU MOBbILIEHUM Ha HEro
dyHKUMOHANbHOM Harpysku. [MnepTpoduueckue moTeHUMM AeTpy3opa 0becreyMBaloTCs COrNacoBaHHOW paboToil Lenoro
KOMIJIEKCa COCYAMCTbIX PEryNATOPHbIX CTPYKTYP.

Knwouesble cnoBa: rmnepnnasunsa npe,u,(:TaTeanoﬁ XeJesbl; VIHCI)paBe3VIKaJ'IbHaFI 06CTPYKLWIH; MOYeBOWA ny3blpb; COCyAbI;
KOMMeHCaluua; Bo3pacTHaa UHBOJIOLMA.
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BACKGROUND

Prostatic hyperplasia (PH) is one of the most common
diseases in older and senile men [1]. Over time, its natu-
ral evolution results in the formation of compensatory
detrusor hypertrophy [2, 3]. The development of work hy-
pertrophy in PH allows the prevention for some time the
development of urinary stasis and ascending infection of
the upper urinary tract [4]. Compensatory changes in the
muscular layer of the bladder are associated with preex-
isting involutive changes that are pathogenetically related
to natural aging [5-7]. However, the morphogenetic as-
pects of the detrusor compensatory rearrangement and
the nature and severity of age-related and senile changes
remain largely undiscovered [8, 9]. Specifically, no com-
prehensive information is available on the effect of struc-
tural remodeling of the vascular bed of the bladder in the
presence of infravesical obstruction on the hypertrophic
potentials of detrusor smooth muscles [10—12]. The data
obtained would have not only important scientific and
fundamental but also practical value, contributing to the
implementation of new approaches to the treatment of
patients with PH.

This study aimed to analyze the structural transfor-
mations of the bladder and its vascular bed in older and
senile patients with PH and determine the significance of
vascular restructuring in ensuring compensatory detrusor
hypertrophy.

MATERIALS AND METHODS

In this study, segments of the bladder wall were col-
lected from 35 men aged 60-80 years, who died from
diseases not related to urological and cardiovascular
pathology. Series 2 of fragments of this organ was ob-
tained at autopsy in 25 men of the same age with Pros-
tatic hyperplasia (PH) without clinical and morphologi-
cal signs of bladder decompensation. All tissue samples
were obtained in the Department of Morbid Anatomy
of the Yaroslavl Regional Clinical Hospital. The control
group consisted of materials collected in the Thanato-
logical Department of the Yaroslavl Regional Office of the
Chief Medical Examiner from 15 men aged 20-30 years,
who died by violence. In all of the above group, from
various sections of the bladder (anterior, posterior, side
walls, and bottom), segments of the wall were cut out
for the entire thickness, from the mucous membrane to
the adventitial membrane, including paravesical tissue.
The sectional material was fixed in 10% neutral forma-
lin and embedded in paraffin. Histological sections, not
more than 5 pm thick, were stained with hematoxylin
and eosin, according to Masson for collagen fibers us-
ing brilliant green and Hart's fuchselin for elastic fibers.
An immunohistochemical study was performed on paraf-
fin sections using murine monoclonal antibodies CD34,
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S100 (Cell Marque, USA), and a-SMA (DAKO, USA).
The preparations were evaluated semiquantitatively in
10 fields of view (x200).

A morphometric study of the vascular bed of the bladder
was performed according to a previously developed tech-
nique [13, 14]. Accordingly, all intraorgan arteries of the
control group and PH group, depending on the outer diame-
ter, were divided into four groups, namely, large (=125 um),
medium (51-124 pm), small arteries (21-50 um),
and arterioles (<20 pm). Venous collectors, depend-
ing on the caliber, were divided into large (=190 pm),
medium (110-189 pm), small (51-109 pm) veins, and
venules (<50 pm). In arteries of various calibers, the tu-
nica media thickness was measured, and in veins, the
wall thickness was measured in microns. In large ar-
teries, the thickness of the tunica intima (intima) was
measured in microns. In the mucous membrane of the
bladder, the thickness of the urothelium basement mem-
brane was determined in microns. In addition, a stereo-
metric study was performed to determine the specific
area of the detrusor structural components (muscle fi-
bers, intermuscular stroma, and vessels), using a special
ocular insert with 100 equidistant points applied to it.
The digital material was processed with Student’s ¢-test
using the Statistica program. The distribution of the digital
data corresponded to the normal one. Data were consid-
ered significant if the error probability did not exceed 5%
(p < 0.05).

RESULTS

The transitional epithelium of the urinary bladder mu-
cosa in older and senile men, regardless of the presence
or absence of PH, was hyperplastic because of the pro-
liferation of basal and parabasal cells with the formation
of acanthotic strands submerging in the connective tissue
of the lamina propria, often forming von Brunn's nests.
In some areas of the mucous membrane, the epithelium
became thinner or underwent alternative changes, such
as hydropic degeneration manifested by the formation of
light small vacuoles in the cell cytoplasm, necrobiosis,
and severe desquamation. The basal membrane of the
epithelium was thickened by two times (p = 0.001) and
had a slightly eosinophilic, uniform, and homogeneous
appearance, which indicated the development of hyalino-
sis. In the lamina propria and submucosa, the prolifera-
tion of coarse fibrous connective tissue was detected,
as well as a plethora of veins, stromal edema, and pro-
nounced mononuclear inflammatory infiltration repre-
sented by lymphocytes, plasma cells, macrophages, and
fibroblasts, indicating the development of chronic cys-
titis. In both groups of samples from older and senile
men, extraorganic arteries belonging to vessels of the
muscular-elastic type, located in the paravesical tissue
or adventitia, had uneven wall thickening and formation
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of fibrous plaques, often narrowing the lumen of the ves-
sels up to 25%, compared with controls. In large- and
medium-sized muscle-type intraorganic arteries, wall
thickness increased because of the hypertrophy of the
smooth myocytes of the tunica media (media) with split-
ting of the internal elastic membrane into several lami-
nae (Fig. 1a), indicating the development of hyperelasto-
sis. A pronounced expression of a-smooth muscle actin
(a-SMA) was detected in the muscular membrane of the
arteries of the indicated caliber compared with similar
vessels of the control group. In addition to hypertrophy
of the media and hyperelastosis, as markers of arterial
hypertension, in the tunica intima (intima) of large ar-
teries, a layer of oblique longitudinal smooth muscles
was clearly visible, located along the entire perimeter
of the vessel, which was often completely replaced by
coarse fibrous connective tissue, narrowing the vessel
lumen.

According to morphometric data, the intimal thickness
caused by sclerosis increased by five times (p = 0.001)
compared with the control. Small arteries and arteri-
oles in both preparations were subjected to hyalinosis;
as a result, the wall was replaced by an eosinophilic
homogeneous structureless mass with pronounced nar-
rowing of the lumen, loss of all layers, and significant
decrease in a-SMA expression (Fig. 1b).

Pronounced structural changes were also detected in
the venous system of the bladder in older and senile men.
Thus, in large extraorganic veins located in the paravesi-
cal tissue and adventitia, significant uneven thickening
of the walls was determined to be caused by hyperplasia
and hypertrophy of smooth myocytes, which made them
similar to large arteries (Fig. 1c). However, compared
with the arterial branches, they lacked well-formed lay-
ers, a relatively strong media, and an internal elastic
membrane. Coarse fibrous connective tissue proliferated
in the walls of some veins.

A morphometric study enabled us to objectify histo-
logical changes in the arteries, manifested by hypertonic-
ity and lumen narrowing. Specifically, the thickness of
the media of large intraorgan arteries in older and senile
men with PH increased by 5.2 times (p = 0.001), medium
arteries by 2 times (p = 0.001), small arteries increased
by 1.4 times (p =0.05), and arterioles by 1.8 times
(p = 0.05) compared with the control. The wall thickness
increased by 4.6 times in large veins, 2 times in medium
veins (p =0.001), 1.8 times in small ones (p =0.001),
and 1.6 times in venules (p = 0.05) compared with the
control. Vascular wall thickening was due to hypertrophy
of smooth muscles.

In older and senile men, individual muscle bundles of
the detrusor were subjected to thinning, coarse fibrous
connective tissue proliferated between them (Fig. 1b, d),
and the elastic fibers that enveloped the myocytes were
defragmented. A stereometric study showed that the
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specific area of the detrusor muscle fibers decreased
by 2 times (p = 0.001) and that of the stroma increased
by 1.5 times (p = 0.05) compared with the control; how-
ever, the area occupied by the vessels did not change
significantly. By contrast, in the PH group, changes were
detected, which were caused by the increased functional
load on the detrusor with the development of hypertro-
phy. Specifically, against the areas of atrophy and scle-
rosis of the detrusor smooth muscles, areas with pow-
erful muscle fibers collected in large bundles, increased
counts of cells and nuclei, and hyperchromatosis were
determined. In hypertrophied smooth muscles, a well-
developed elastic framework was detected in the form
of fibers braiding both bundles and each individual fiber,
and the a-SMA expression (Fig. 1b) was higher than not
only to the group without PH but also with the control
group. In addition, in the intermuscular stroma of the hy-
pertrophied detrusor, the amount of capillaries increased,
and a high expression of CD34 was detected. This was
indicated in the data obtained using stereometry.
Thus, the specific area of detrusor muscle fibers in-
creased by 1.3 times (p = 0.05), that of vessels increased
by 1.2 times (p = 0.05), and that of the stroma decreased
by 1.1 times (p = 0.05) compared with that of the control
group. The area occupied by the vessels did not change
significantly. In the bladder wall, the expression of S100
in nerve fibers and their endings (Fig. 2a) was weak com-
pared with that in the control group. In our opinion, weak
staining intensity indicates degenerative changes in the
neural conductors of the detrusor.

The main morphological difference in the vascular re-
organization of the bladder in the PH group compared with
the non-PH and control groups was the presence of spe-
cific myogenic regulatory structures in the arteries and
veins. In the arterial bed, in contrast to the control and
non-PH groups, intimal muscle bundles, muscular-elas-
tic sphincters, and Conti's polypoid cushions appeared,
which are important in ensuring blood transport to the
most functioning, hypertrophied areas of the detrusor.
Thus, the intimal muscles, found mainly in medium and
small arteries and arterioles, consisted of smooth myo-
cytes located in the inner coat of the vessel in the form
of bundles of rounded or irregular shape protruding into
its lumen (Fig. 2b). In the places of their formation, the
internal elastic membrane split into two leaflets, which
covered them from above and below. As described above
intimal muscles were also found in the closing arteries
of persons without PH, where the circular oblique longi-
tudinal layer was located along the entire circumference
of the vessel, often subject to sclerosis. Muscle-elastic
sphincters are located in the initial sections of the lateral
branches of the middle arteries. They formed petals from
bundles of smooth myocytes, and in the area of their lo-
cation, the inner elastic membrane was split into sepa-
rate petals. Conti's polypoid cushions looked like rounded
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Fig. 1. Structural changes in the bladder wall of elderly and senile men with prostatic hyperplasia: a, fuchselin staining according to Hart
(magpnification x200); b, indirect immunoperixidase method with antibodies to a-SMA (magnification x200); c, d, Masson stain using brilliant
green (magnification x200 — ¢, x160 — d)

Puc. 1. CTpyKTypHble U3MEHEHUS| CTEHKM MOYEBOTO My3bIps Y MYXYMH MOXMUNOr0 W CTapH4ecKoro Bo3pacta Npu runepnaasuv npes-
CTaTeNbHOM Kenesbl: @ — oKpacka dykcennHoM no Xapty (yBen. x200); b — HenpsMON UMMYHOMEPOKCMAA3HBIA METOJ, C aHTU-
Tenamu K a-SMA (ysen. x200); ¢, d — oKpacka no MaccoHy ¢ uUcmonb3oBaHMeM bpunnuaHToBoro 3enieHoro (ysen. x200 — c,
yeen. x160 — d)

Fig. 2. Structural changes in the bladder wall of elderly and senile men with prostatic hyperplasia: g, indirect immunoperixidase method with
antibodies to S100; b, hematoxylin and eosin stain; ¢, d, Masson stain using brilliant green. Magnification x200

Puc. 2. CTpyKTypHble U3MEHEHWs CTEHKM MOYEBOr0 My3blpsi Y MYMUMH MOMMMOTO W CTap4YecKoro BO3pacta Mpu runepniasuv npeg-
CTaTesIbHOM JKeNie3bl: @ — HenpAMoN UMMYHONepUKCUAa3HbIA MeToA ¢ aHTuTenamu K S100; b — okpacka reMaToKCUIMHOM U 303UHOM;
¢, d — oKpacka no MaccoHy ¢ ucnonb30BaHKeM bpunnraHToBoro 3enieHoro. Yees. x200
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muscular formations, resembling polyps located on a thin
pedicle or wide base of the vessel wall. They are formed
as a result of invagination of various layers of the vessel
wall into the lumen, including protrusion of the intima
only, intima and media, intima, media, and adventitia.
In the myocytes of the intimal muscles, sphincters, and
cushions, the expression of a-SMA was high.

In the veins and arteries of this group, special muscu-
lar, regulatory formations were determined which were
not registered in the control group or non-PH group. They
were represented by muscular “couplings” of extraorganic
veins, muscular embankments, and valves of intraorganic
veins. Venous “couplings” were powerful muscle layers
with different spatial arrangements of smooth myocytes
and narrow layers of collagen and elastic fibers between
them, located around the entire circumference of the
outer membrane of large extraorganic veins (Fig. 2c).
These formations covered the vessel segmentally, form-
ing intercepts, through certain segments of its length.
The contraction of the smooth muscles of such muscle
interception provided an impulse for the movement of
venous blood to the heart, and relaxation was accom-
panied by the opposite effect, i.e., blood deposition.
The ridges in large and medium intraorgan veins pro-
ceeded from the inner membrane in the form of flattened
formations protruding into the lumen, having a wide base
and consisting of smooth myocytes. The venous valves
looked like long club-shaped or polypoid structures on
a thin pedicle, formed as a result of invagination of the
inner coat of the vessel. At the base of the protrusion-
shaped valve, clusters of smooth myocytes were detect-
ed (Fig. 2d), and the pedicle and body contained predomi-
nantly connective tissue. Valvular structures, unlike other
venous formations, were also found in the control group;
however, their number increased sharply in the PH group.
Functionally, the valves prevent blood regurgitation or
blood deposition.

DISCUSSION

The study results revealed structural changes in the
bladder of older and senile men without PH, affecting
all its membranes and the vascular bed, including large
extraorganic arteries. Changes in the organ itself are
characterized by hydropic degeneration of the urothe-
lium, chronic inflammation of the mucous membrane,
focal atrophy of muscle fibers, sclerosis of the inter-
muscular stroma, and destructive changes in the elastic
framework, which are associated with a vascular dis-
order and neuronal trophism. Dyscirculatory disorders
leading to chronic ischemia of the bladder are caused
by progressive atherosclerotic changes in the extraor-
ganic arteries of the muscular-elastic type, as well as
remodeling of the vascular system, which is induced by
a long course of arterial hypertension. It is manifested
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as the development of hypertonicity, hypertrophy of the
media, hyperelastosis of large and medium-sized intra-
organic arteries, and hyalinosis of small arteries and ar-
terioles, which is the result of recurrent plasmorrhagia
during hypertensive crises. The closing arteries, which
have a well-defined longitudinal layer of smooth muscles
in the intima, contribute to the adaptation of circulatory
disorders in the muscular membrane of the bladder.
The development of chronic detrusor ischemia is accom-
panied by atrophic-sclerotic changes in some areas of
smooth muscles while maintaining others, which does
not contradict the principle of “functional heterogeneity
in the work of structures of the same name,” according
to which any organ does not use all structures simulta-
neously to perform a function, and it includes in opera-
tion all available structural resources and reserves that
undergo hypertrophy with an increase in the functional
load [15-17]. Our studies have shown that PH in older
and senile men leads to working compensatory detru-
sor hypertrophy, which is manifested as hyperplasia and
hypertrophy of previously unaltered muscle fibers, and in
their intermuscular stroma, the degree of capillarization
increases, which is necessary to ensure an actively func-
tioning tissue. To maintain adequate blood supply to such
areas of the detrusor in the arterial bed of the bladder,
a complex of structures is formed, which can regulate
hemodynamics under conditions of impaired blood cir-
culation, i.e., against persistent chronic ischemia. Such
formations include bundles of intimal muscles, mus-
cular-elastic sphincters, and Conti’s polypoid cushions.
An increase in the tone of the oblique intimal muscles in
combination with a contraction of the smooth muscles
of the media leads to shortening, twisting, and corruga-
tion of the vessel with the formation of cushion-shaped
structures protruding into its lumen. This is accompa-
nied by a decrease or complete blockade of blood flow
both along them and along the distally located lateral
branches [18]. The functional role of the sphincters is
reduced to blood flow regulation from the main artery to
the lateral branch. A polypoid cushion causes complete
blood flow cessation along the main trunk and lateral
branches extending from it [19]. The appearance of these
formations is based on the migration of smooth myo-
cytes into the intima through “windows” in the internal
elastic membrane, which is stimulated by hemodynamic
disorders [20]. Thus, due to the active work of regula-
tory structures in PH against impaired hemocirculation,
blood transport through the intraorganic arteries of the
bladder is normalized, depending on the functional needs
of the muscle layer. Such an active “switching” by these
structures ensures normal blood circulation in favor of
preserved, hypertrophied detrusor areas to the detriment
of areas that have undergone irreversible atrophic—scle-
rotic processes during involution. Regulatory forma-
tions in the veins include muscle “couplings,” muscular
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embankments, and valves. Muscular “couplings” covering
the vessel segmentally and circularly and embankments
that form in the tunica intima, as a result of contraction,
prevent venous stasis and hypoxia and, if necessary, de-
posit blood when relaxing. The valvular apparatus of the
veins had the same functional role, namely, prevention of
venous blood regurgitation and its promotion to the heart
or, conversely, its deposition [21]. Thus, vascular restruc-
turing is an important link in providing compensatory detru-
sor hypertrophy in PH. Moreover, the duration and degree
of effective work of the detrusor will largely depend on
the extent of the efficacy of vascular compensation [22].
The development of subsequent decompensation is due to
progressive background processes in the bladder.

CONCLUSION

In PH, the detrusor undergoes focal hypertro-
phy formed in the presence of preexisting involutive,
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