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Comparative morphofunctional visualization Rk
of the manifestations of chronic bacterial
and radiation bladder injuries
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Comparative morphofunctional and histological visualization of bladder wall lesions in 15 patients with chronic bacterial
cystitis and in 15 patients with chronic radiation cystitis using positron emission tomography — computed tomography (PET/CT)
was performed. The studies have revealed significant differences in the parameters of blood flow and tissue metabolism in
patients with these forms of bladder lesions. In patients with chronic bacterial cystitis, an increase in the frequency of urina-
tion was accompanied by a decrease in the capacity of the bladder under conditions of a decrease in the velocity of arterial and
venous blood flow in its wall as compared with the control. At the same time, at the cellular-molecular level in the bladder
wall, no significant metabolic abnormalities, assessed by the SUV, ., indicator, were revealed. Chronic radiation cystitis was
characterized by a significant increase in the rate of systolic and diastolic blood flow in the bladder wall, its thickening and
hypermetabolism of "®F-FDG.
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«TIOMEHCKMI FOCYAapCTBEHHbIN MeAVULMHCKWIA yHUBEpcUTeT» MuHMcTepcTBa 3apaBooxpaHeHna Poccuickon Oegepaumu, TioMeHb

lpoBeneHa cpaBHUTENbHAA MOPPOGYHKLMOHANBHAA U TUCTONOrMYECKaA BU3Yann3aLnaA NOpaKeHWa CTEHKN MoYe-
BOro0 Ny3bipA Y 15 NaLMEHTOB C XPOHUYECKWUM HaKTEpPUanbHBIM LUCTUTOM MY 15 NaLMeHTOB C XPOHUYECKUM paanaLmoH-
HbIM LIUCTMTOM C UCMOJIb30BaHUEM MO3UTPOHHO-3IMUCCMOHHOM TOMOrpadmm — KoMnbloTepHoi Tomorpadum (MIT/KT).
lpoBedeHHble UCCNeOBaHNUA BbIABUM CYLLECTBEHHbIE Pa3NMuMA NapaMeTPOB KPOBOTOKA U TKaHEBOro MeTabonusma
y MaLMEHTOB C AaHHbIMM GOpMaMU MOPaXKEeHWA MOYEBOr0 My3bipA. Y NaUMEHTOB C XPOHUYECKUM DaKTepuasbHbIM
LIMCTUTOM YBEJIMYEHWNE YACTOTbl MOYEMCMYCKAHMA CONPOBOMKAANOCh YMEHbLUEHUEM EMKOCTU MOYEBOIO Ny3bIpA B yC-
NOBUAX MOHUMKEHUA CKOPOCTU apTEpManbHOMO M BEHO3HOMO KPOBOTOKA B €r0 CTEHKE MO CPAaBHEHMIO C KOHTPOJEM.
Mpw 3TOM Ha KNETOYHO-MONEKYNAPHOM YPOBHE B CTEHKE MOYEBOr0 My3bIpA CYLLECTBEHHBIX METABONMYECKUX OTKIIOHE-
HWUW, oLeHnBaeMbIX no nokasatento SUV .., He BbiABNEHO. XpPOHUYECKUI pafMaLMOHHBLIN LIUCTUT XapaKTepu3oBasca
L0CTOBEPHBIM YBENIMYEHWEM CKOPOCTU CUCTONIMYECKOTO M JMACTONIMYECKOr0 KPOBOTOKA B CTEHKE MOYEBOr0 My3bips,
ee yToNleHneM 1 runepmetabonusmom "F-OOr
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INTRODUCTION

Chronic bacterial cystitis is primarily caused by a mi-
crobial pathogen that damages the urothelium and induc-
es urothelial metaplasia. Further changes in the bladder
wall are no longer caused by the bacterial pathogen;
however, the changes are characterized by destructive
and compensatory-adaptive reactions, alternation of
dystrophic changes, and metaplasia with an increase in
proliferative activity and focal alteration [1, 2]. A main
mechanism of radiation to the bladder is damage to the
endothelium of the capillaries and arterioles, with the
occurrence of a chronic abacterial inflammatory process.
Its combination with the direct effect of the ionizing factor
on the entire depth of the urinary bladder tissue struc-
tures induces the development of a radiation pathologi-
cal process [3-5]. Radiobiological studies revealed that
it takes approximately 100 days to restore sublethally
damaged cells of the urinary bladder; however, in some
cases, in case of weakening of reparative processes and
an abrupt slowdown in the regeneration of the affected
structures, the pathological process terminates during
incomplete secondary alteration and reparative restora-
tion of damaged tissues [6-8]. The clinical manifesta-
tions of chronic bacterial and radiation-induced cystitis
develop 3-6 months from contact with a bacterial patho-
gen or radiation damaging factor, not complicated by the
bladder infection, and are accompanied by dysuria. The
typical cystoscopic signs in both cases were mucosal
hyperemia with edema of the trigone of the bladder and
the ureteral orifices, which is often accompanied by a
decline in urine evacuation through the upper urinary
tract [9-11].

This study aimed to perform comparative morpho-
functional and histological visualization of manifesta-
tions of chronic bacterial and chronic radiation damage
to the urinary bladder.

MATERIALS AND METHODS

In this study, we performed a comparative morpho-
functional and histological visualization of manifestations
of bladder lesions between 15 patients (10 women and
6 men) with chronic bacterial cystitis (CBC) and 15 pa-
tients (9 women and 7 men) with chronic radiation cysti-
tis (CRC). The median age of the patients examined was
45.5 years [36; 54], and the duration of clinical manifes-
tations of the disease ranged from 3 to 6 months. The pa-
tients provided informed consent to participate in the
study. Patient complaints and laboratory parameters of
the urinary sediment study almost did not differ between
the two groups. Bacteriological examination of urine in
CBC revealed Escherichia coli in 11 (73.3%) patients,
Enterococcus in 2 (13.3%) patients, Klebsiella in 1 (6.7%)
patient, and Proteus in 1 (6.7%) patient with sensitivity to
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fluoroquinolones and nitrofurans. In patients with radia-
tion cystitis, E. coli with a wide range of sensitivity was
found in only 3 cases (20%); hence, in other cases, the
urine was considered conditionally sterile.

The comparison group consisted of 8 women and 7
men (n = 15) without a nephro-urological history who
underwent the current clinical examination and were
considered healthy. At the diagnostic stage, all patients
underwent uroflowmetry, bladder ultrasonography with
Doppler imaging of the vessels, and cystoscopy with hi-
opsy of the bladder wall in areas of the greatest visual
changes (for comparison, the results of sectional bladder
biopsy in five people without nephro-urological history
were used). Combined positron emission tomography-
computed tomography (PET/CT) of the whole body with
18F-fluorodeoxyglucose ("®F-FDG) and native PET of the
kidneys and urinary bladder were performed on a Sie-
mens Biograph (Siemens, Germany) PET/CT apparatus
in the radiological center of Tyumen regional oncol-
ogy dispensary. Functional changes in the bladder wall
were studied by the foci of changes in tissue tropism to
energy-intensive molecules with '8F-FDG. Segments of
interest were analyzed automatically according to the
level of isotope uptake (SUV,,,, Standard Uptake Value)
and evaluated in relative units. Isotopes were prepared
at the Radiological Center on the Scanditronix compact
cyclotron (Sweden).

Processing and systematization of the material ob-
tained were performed using the Microsoft Excel spread-
sheet software package and the Statistica v.10 software
package. Methods of variation statistics were applied,
and the data obtained were presented as M + m. The
arithmetic mean, M; the error of the arithmetic mean, m;
and the normalized deviation, t (Student’s test) were de-
termined. p < 0.05 was considered statistically different.

RESULTS

The comparative characteristics of the functional
manifestations of bacterial and radiation lesions of the
urinary bladder are presented in Fig. 1.

In CBC patients, according to uroflowmetry per-
formed at the first urge to urinate, a decrease in the
volume of micturition was noted with an increase in the
duration of urination. In radiation injury to the detrusor,
a decrease in the single volume of micturition at the first
urge did not affect the duration of urinary bladder emp-
tying. There were no gender differences in the revealed
aspects of the urination process (Fig. 1, I).

Bladder ultrasonography with Doppler imaging of the
vessels, performed in CBC patients during the first urge
to urinate, showed a decrease in the velocity of arte-
rial and venous blood flow in the vessels of the urinary
bladder wall. In patients with radiation injuries of the
bladder, a significant increase in the detrusor thickness
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b
Fig. 1. Functional and morphological visualization of microbial-inflammatory and radiation damage to the bladder: | — uroflowmetry;
Il - ultrasonography of the bladder with Doppler ultrasonography; Ill — cystoscopy. a — control group; b — chronic bacterial cystitis;

¢ — chronic radiation cystitis
Puc. 1. OyHKuMOHabHO-MopdOoNor1yeckas BU3yanu3aLmsa MUKPOBHO-BOCNANUTENbHOMO M PaAMaLMOHHOO MOParKeHWsA MOYeBOro My3bi-
psi: | — ypodnoymetpus; Il — ynbTpacoHorpadua MoyeBoro ny3bips ¢ gonneporpaguent; lll — LMCTOCKONMA. @ — KOHTPOJIbHAA rpynna;

b — XpOHWYECKNIH HaKTepUaNbHbINA LMCTUT; C — XPOHUYECKUI PafyaLMOHHDBIA LIUCTUT

and velocity of both arterial and venous blood flow was
noted (Fig. 1, Il).

The cystoscopic presentation in the absence of clini-
cal and laboratory manifestations of chronic cystitis
(e.g., with prophylactic catheterization of the ureters
prior to extensive abdominal interventions) was charac-
terized in our cases by a mild injection of the vessels of
the bladder mucosa. With clinical manifestations of CBC,
vascular injection and mucosal hyperemia were more
noticeable and mainly covered the neck. CRC was char-
acterized by polyfocal nature of manifestations such as

DOl https://doiorg/10.17816/urovedb6984

telangiectasias with mucosal erosion in their projection
(Fig. 1, ).

Thus, based on the study results, we suggested that
in CBC, the pathological process involves mainly the
surface structures of the bladder wall, and the filling
and emptying phase of the urination cycle could be a
consequence of detrusor ischemia accompanied by
neurogenic regulation impairment. For CRC, the dam-
age to deep structures with a compensatory increase
in their blood supply and secondary local involve-
ment of the mucous membrane segments, with the
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Fig. 2. Comparative molecular cell and histological imaging of chronic bacterial and chronic and radiation damage to the bladder:
| - native positron emission tomography of the upper and lower urinary tract; Il - combined positron emission tomography with computed
tomography of the bladder; IIl — histological examination of the bladder wall (stain hematoxylin-eosin). a — control group; b — chronic

bacterial cystitis; ¢ — chronic radiation cystitis

Puc. 2. CpaBHuTE/bHAA MONEKYNAPHO-KNETOUYHAA W MUCTONOMMYECKan BU3Yanm3aLmus XpOHMYECKOro 6akTepuanbHOro U XpOHUYECKOr o
Y PafMaLMOHHOM0 NOPArKeHUA MOYEBOr0 My3blps: | — HaTUBHAA NO3UTPOHHO-3IMUCCUOHHARA TOMOTPadUA BEPXHUX U HUKHUX MOYEBbIX
nyTen; Il — coBMeLLEHHaA NO3UTPOHHO-3MUCCUOHHAA TOMOrpadmaA ¢ KOMMblOTEPHOW ToMorpadwen MoyeBoro nysbips; Il — rucronoru-
UecKoe MCCneoBaHue CTEHKM MOYEBOr0 My3bips (OKPacKa reMaToOKCUMIMHOM M 303UHOM). @ — KOHTPOJIbHaA rpynna; b — XpoHWUYEeCKui

GaKTepUanbHbIA LMCTUT; ¢ — XPOHUYECKUIA paanaLMOHHbIA LIUCTUT

formation of sluggish granulating erosions, were more
common.

The data obtained did not contradict the conventional
ideas about the aspects of chronic bacterial and radiation
lesions of the bladder; however, they required a more
conclusive evidence based on contemporary high-tech
PET/CT molecular cell imaging of the process under
study and its comparison with the results of traditional
histological examination. Figure 2 presents the results
of PET/CT molecular cell imaging of the manifesta-
tions of chronic bacterial and radiation damage to the

00l https://doi.org/10.17816/uroved6984

bladder and a comparison of the histological examination
results.

Figure 2 (I) shows the variants of native PET of the
upper and lower urinary tract without X-ray image in-
tensifying, which represent the real-time visualization of
the metabolism of energy-intensive glucose molecules
at the molecular-cellular level of the urine formation and
urine excretion processes. Normally, at the first urge to
urinate, the renal parenchyma synchronously included
labeled glucose into the structural formations, and the
excess was removed by excretion from the upper urinary
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Table. Clinical indicators and results of instrumental examination of patients with chronic bacterial cystitis and chronic radiation cystitis

and persons of the control group, M + m

Taﬁnuua. KnuHuueckue nokasatenu u pe3ynbtatbl NUHCTPYMEHTAJIbHOI O 06CJ'IEﬂ0BaHVIH 60IbHBIX XPOHUYECKUM ﬁaKTepVIaJ'IbeIM
LMCTUTOM U XPOHNYECKUM paaMaUUHHBIM LUCTUTOM U HpeﬂCTaBMTEHEVI HOHTpOﬂbHOPI rpynnel, M+m

Indicator Control group CBC CRC
(n=15) (n=15) (n=15)
Frequency of urination, per day 7105 10.8 £+ 0.7* 8.6 +0.5
Systolic blood flow velacity in the bladder wall, cm/s 9.2+05 5.3+£0.5" 10.5 +0.3*
Diastolic blood flow velocity in the bladder wall, cm/s 3.4+05 22+0.3" 29 +0.2%
Resistance index 0.63 £0.05 0.68 + 0.04* 0.72 + 0.03*
Bladder wall volume (according to PET), cm?® 0.09+0.2 0.15+0.6 0.24 + 0.4*
SUV,,.,, (according to PET), relative units 5.03+05 6.23+05 10.13 £ 0.5*

*p < 0.05 differences with the value of the norm indicator are statistically significant. Note: CBC, chronic bacterial cystitis; CRC, chronic

radiation cystitis; PET, positron emission tomography.

tract into the bladder (Fig. 2, a). In CBC, with a decrease
in bladder capacity, a delay in the urine passage from the
upper urinary tract was noted (b). In CRC patients, both
a disorder of the urine passage from the upper urinary
tract and a slowdown in glucose metabolism in the pa-
renchyma of both kidneys were observed (c).

Figure 2 (Il) presents a combined PET/CT scan of the
bladder, demonstrating the metabolic activity of energy-
intensive glucose molecules directly at various levels
of its wall (a). In CBC, manifested by a decrease in the
bladder capacity at the first urge to urinate, the activity
of glucose metabolism in its wall did not change sig-
nificantly (b), whereas in CRC patients, manifestations
of pronounced hypermetabolism of "®F-FDG were noted
in cell formations involved in chronic pathological pro-
cess (c).

Figure 2 (lll) presents the results of a morphological
study of the bladder tissue obtained by biopsy. Thus, in
the bladder preparation of the control group representa-
tives without a nephro-urological history, the wall was
covered throughout with urothelium with intact layer
stratification, with a normal structure of the umbrella
cell layer and the basement membrane (a). In the blad-
der wall preparation of the patients manifesting CBC,
the areas of the mucosa with diffuse metaplasia and
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