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Efficacy of different approaches to the treatment in patients with ureteral calculi and predictive factors for the success are the objects
of contemporary studies. However, only few on them studied the duration factor of typical ureterolithiasis symptoms and changes of
the ureter wall as predictive factors of extracorporeal shock wave lithotripsy (ESWL) failure in patients with ureteral stones.

The aim of the study was to determine the peculiarities of histological changes in the ureter wall as a result of calculus presence and
to evaluate the predictive factors of ESWL failure in patients with ureterolithiasis.

Materials and methods. An analysis of the treatment by ESWL in 662 patients with ureterolithiasis was performed. The patients
were divided into two groups: Group 1, n = 629 (95.0 %) individuals with effective ESWL and Group 2, n = 33 (5.0 %) patients
with ESWL failure when calculi were not eliminated. Stones were found in 378 (57.0 %) patients in the upper third of the ureter, in
50(7.6 %) —inthe middle and in 234 (35.4 %) —in the lower third. For determining the predictors of ESWL failure, the Spearman’s
Rank Correlation Coefficient was used.

Results. The overall ESWL efficacy in our study was 95.0 %. The strong inverse correlation was found between the ESWL suc-
cess and duration of symptoms (r = -0.92) and stone size (r = -0.68). Stone localization in the ureter did not influence the ESWL
outcomes (r = 0.27).

Conclusions. Increasing of the period from the manifestation of primary clinical symptoms to the implementation of ESWL reduces
the treatment efficacy. Patients with ureteral stones more than 15 mm have lower stone-free rates after ESWL.

MporHocTHuHI paKTopu HEe3aA0BIAbHUX pe3yAbTaTiB eKCTPAKOPNopaAbHOI
YAApPHO-XBUAbOBOI AITOTPUNCIi B AikyBaHHi XBOPUX Ha ypeTepoAaiTia3

0. C. BosiaHos, C. 0. BosiaHoB

EdhekTuBHICTb pi3HIX MeTOAIB NiKyBaHHS! y XBOPYX i3 KOHKPEMEHTaMM CeY0BOAA Ta MPOrHOCTWYHI DaKTOpW yCnilLHOT Tepanii —06'ekTn
Cy4yacHUX JoCnigpxeHb. Tirbku B OKpeMUX AOCRIMKEHHAX BUBYAnW TPUBaniCTb CUMMTOMIB, LLO XapakTepHi ANns ypeTeponiTiasy, Ta
3MiHW CTiHKV Ce4OBOAA SIK MPOTHOCTUYHI (haKTOpK HE3aAO0BINbHIUX Pe3ynbTaTiB eKCTPaKopnopanbHOi YaapHO-XBUILOBOI ITOTPUNCIT
Y XBOPWX i3 KaMEHsIMM Ce40BO/a.

MeTta po6oTi —BCTaHOBWTM OCOBNMBOCTI FiCTONMOMYHIX 3MiH Y CTiHLi CE40BOLA BHACTILOK HASBHOCT KOHKPEMEHTY, OLIHATM NPOTHOC-
TUYHI (aKTOPK HE33A0BINBHIX PE3YNLTaTIB EKCTPaKopnopanbHoOi yaapHO-xBIUbLOBOI NiToTpuncii (EYXIT) y xBopyx Ha ypeTeponiTias.

Marepianu Ta metoau. [poananisysanu pesynsraty nikyBaHHs 662 Xsopux Ha ypeTeponitias metogom EYXIT. MauieHTis noginunm
Ha fgi rpynu: 1 Bkrtodana 629 (95,0 %) xBopux i3 nosuTveHUM edpextom Big EYXI, rpyna 2 — 33 (5,0 %) oci6 i3 He3agoBinbHUMK
pe3ynkTaTam, Konu BiAXOMKEHHs! KOHKPEMEHTY He Binbynocs. KameHi y BepxHili TpeTuhi cevooaa Busieunv B 378 (57,0 %) naui-
€HTIB, y cepenHin —y 50 (7,6 %), y HWxXHiR TpeTuri —y 234 (35,4 %). [Ins BU3Ha4EHHS NPEAVKTOPIB HE3aA0BINBLHUX Pe3ynsTaTiB
BUKOPUCTOBYBaNHM koediLlieHT paHroBoi kopensuii CripmeHa.

Pesyniratu. 3aranbHa edbektvHicTe EYXIT — 95,0 %. Bussunmu cunbHy 3BOpoTHY Kopensuito Mix ycniwnictio EYXIT i Tpusanictio
cumnTomiB (1 = -0,92), poamipom koHkpemeHTy (r = -0,68). JlokarniaaLlis kameHs B ce4oBogj He BvBae Ha pesynstatn EYXIT (r = 0,27).

BucHoBku. 36inbLUeHHS TePMiHY Bif NOSBY NEPLLMX KMIHIYHUX CUMNTOMIB 10 BUKOHaHHS EYXI1 3HIKY€E epeKTUBHICTb nikyBaHHS.
Y nauieHTiB i3 kKaMeHsIMK B CE40BOAAX PO3MIPOM MoHaz 15 MM BCTAHOBUIM HUXKYi NOKA3HWKM 3BIiNbHEHHS CEYOBOAIB Bif KOHKpe-
MeHTiB nicns EYXI1.

MporHocTuueckue pakTopbl HEYAOBAETBOPUTEALHBIX PE3YALTAaTOB IKCTPAKOPNOPaAbHOM
YAQPHO-BOAHOBOW AMTOTPUNCUM B A€4eHUU OOABHbIX YPeTepoAUTHA3OM

A. C. Bo3uaHos, C. A. BosuaHoB

OhhEKTUBHOCTL Pa3NMUHbIX METOLOB JIe4eHMst Y BOrbHbIX C KOHKPEMEHTaMM MOYETOYHIKA W NMPOrHOCTMYECKUE (PaKTOPbI YCMELLHOI
Tepanun —oGbeKTbI COBPEMEHHBIX UCCTIEN0BaHMIA. TOMbKO B HEKOTOPIX MCCMEN0BaHMSIX U3y4arni MPOLOIKUTENBHOCTb CMIMTOMOB,
XapaKTepHbIX Ans ypeTeponuT1asa, 1 N3MEHEHNS CTEHK MOYETOHVKA Kak MPOrHOCTUYECKVE (hakTopbl HEYAOBNETBOPUTENbHBIX
pe3ynbTaToB SKCTPaKOPMOpanbHO YAapHO-BOMHOBO IUTOTPUNCUM Y BOMbHBIX C KAMHSIMI MOYETOYHMKA.

Llenb paGoTbl — ycTaHOBUTH OCOBEHHOCTH TMCTOMOTMYECKMX UBMEHEHMIA B CTEHKE MOYETOYHMKA BCMIEACTBME HAMMYMS KOH-
KpeMeHTa, OLEHUTb MPOrHOCTUYECKIE (haKTOPbl HEYAOBNETBOPUTENbBHBIX PE3YNLTATOB 3KCTPAKOPNOparbHOiA yaapHO-BOMHOBOM
nutotpuncum (QYBJ1) y 60nbHbIX YpeTeponuTasom.
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Martepuans! n MeToAbl. [poaHannavpoBany pesynstaThl fiedermst 662 6onbHbIX ypeteponuTiazom metogom OYBJ1. MaumneHTo
nogenuny Ha age rpynnel: 1 Bkntovana 629 (95,0 %) 6onbHbIX ¢ nonoxutensHbiM addektom ot YBJ, rpynna 2 — 33 (5,0 %)
nauueHTa ¢ Hey[0BNETBOPUTENbHBIMI Pe3ynbTaTamul, KOra OTXOXAEHWe KOHKPEMEHTa He Mpou3oLLIIo. KaMHU B BEpXHEl TPETH
MOYETOYHMKA 0BHapyxeHbl y 378 (57,0 %) naumeHToB, B cpepHeit —y 50 (7,6 %), B HuxHen TpeTn —y 234 (35,4 %). [nsi onpe-
[ieneHns NpeavkTopoB HEeYA0BNETBOPUTENbHBIX PE3YNLTATOB UCMOMNb30Bani KoahULMEHT paHroBor koppensuun Cnnpmena.

Pesyneratbl. Obwas addextnHocTb YBJ1 coctasuna 95,0 %. MccnenosaHue nokasano cumbHyto o6patHyo Koppensaumio
mexay adekTnBHOCTb0 JYBJT 1 NpopomkMTENBHOCTBI0 cMMNTOMOB (r = -0,92), pa3mepom KoHkpemeHTa (r = -0,68). Jloka-
NN3auMs KaMHsi B MOYETOYHUKE He BNWSIET Ha pesynbtatbl QYBIT (r = 0,27).

BbiBoAbI. YBENNYeHMe Cpoka OT NOSIBMEHUs NePBbIX KIMHUYECKX CUMMNTOMOB A0 BbinonHeHns YBJ1 cHukaeT achhekTMBHOCTb
neYeHns. Y NauneHTOB C KaMHSIMM B MOYETO4HMKAX pasmepamm bonee 15 MM ycTaHOBMeHbI Gonee HU3k1e nokasatenu ocBo6o-

XOEHWS1 MOYETO4YHMKOB OT KOHKpeMeHToB nocne JYBIT.

Ureterolithiasis is a worldwide disease with multifactorial etio-
logy and high, upto 39 % within 15 years, reoccurrence rates
that affects a large number of patients, and predominantly
manifesting by sudden, colicky, aimost severe one-sided flank
pain that may become constant or worse as time passes. Fre-
quent urination, dysuria, gross hematuria, nausea, vomiting
also may occur. Usually stones are formed within the kidney
cavity and then descending the ureter. Treatment of uretero-
lithiasis routinely starts from the management of acute pain
and medical expulsive therapy (MET) by alpha-blockers,
calcium channel blockers, corticosteroids, or phosphodieste-
rase-5 (PDE5) inhibitors to promote stone passage. In cases
of MET failure, active interventions to remove a calculus
are needed, especially in the case of large and/or impacted
stones. Extracorporeal shockwave lithotripsy (ESWL) and
ureteroscopy (URS) are the two key active interventions in
patients with ureteral calculi [1-4].

Certain factors negatively influencing the effectiveness
of ESWL for urolithiasis like obesity, developmental kidney/
ureter abnormalities, stone density etc. are already known,
others are the subject of current research. Some authors
distinguish numerous factors, which possibly might influ-
ence the results of ureterolithiasis treatment with ESWL. At
the same time, individual reports concluded that their own
creation of useful model for predicting the ESWL results had
been failed, while S. Yamashita et al. emphasized the need
to identify new predictors [5,6].

The European Association of Urology considers
the absence of ureteral obstruction below the location of
the stone as one of the prerequisites for effective ESWL
in ureterolithiasis [7]. Nevertheless, no attention is paid to
changes in the ureter wall, which occur directly at a stone
location, progress over time and can affect the process of
calculi or fragments removal from the ureter.

Aim
The aim of our study was to determine the peculiarities of
histological changes in the ureter wall as a result of calculus

presence and to evaluate the predictive factors of ESWL
failure in patients with ureterolithiasis.

Material and methods

Our prospective study included 662 patients with ureterolo-
thiasis who were treated in our clinic by ESWL. Compute-
rized tomography was used for ureteral stones visualization
and their density assessment in Hounsfield units (HU).
Inclusion criteria were: calculi of any localization pre-
sence in the ureter sized over 5.0 mm in the greatest di-
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mension with previous inefficient medical expulsive therapy
with tamsulosin 0.4 mg and spasmolytics.

Exclusion criteria were: age below 18 years, stone
size of <5.0 mm, and standard ESWL contraindications
according to the EAU guidelines [7].

ESWL was considered as effective if a stone in the ure-
ter was fragmented and eliminated afterward spontaneously
not followed by an invasive treatment.

To evaluate the predictors of ESWL failure, 662 enrolled
patients with ureterolithiasis were divided into 2 groups:

—Group 1, n = 629 (95.0 %) patients with complete
stone elimination after ESWL;

—Group2,n = 33(5.0 %) patients with ESWL failure.
We did not achieve complete stone elimination in these
patients, therefore ureteroscopy was performed with urete-
rolithoextraction in 26 (78.8 %) patients or holmium laser
lithotripsy in 7 (21.2 %) patients.

ESWL was performed by lithotripters “Siemens Modu-
laris Uro” (Siemens, Germany). We used an ureteropyelo-
scope RichardWolf® for uretheroscopy and a holmium laser
lithotripter LisaLaser® SPHINX 30 Wt — for fragmentation
of large calculi.

During ureteroscopy, we performed biopsy of the ure-
teral wall at the place of calculi localization and compared
obtained histological findings with normal intact ureteral
mucosa. Microscopy of specimens was performed at x40
magnification after hematoxylin and eosin staining.

We analyzed the possible influence of the following
parameters on ESWL failure: duration of symptoms (a
time of calculus presence in the ureter), stone size and
localization (upper third, middle or lower third of the ureter).
Statistical tests were two-tailed and a level of P < 0.05
was considered significant. To determine the presence/
absence of a correlation between the analyzed parameters
and ESWL outcomes, the Spearman’s Rank Correlation
Coefficient was used.

Results

Among the 662 patients enrolled, there were 461 (69.7 %)
males and 201 (30.3 %) females aged 18-85 years
(46.9 * 14.4 years) with a male-to-female ratio of 2.3:1.0.
Mean body mass index was 24.6 (SD = 5.3, range
17.6-48.4). Calculi were localized in the upper third part of
the ureter in 378 (57.0 %) patients, in the middle part —in
50(7.6 %),andinthe lower part —in 234 (35.4 %) patients.
Calculiwere presentin the left ureterin 311 (47.0 %) cases
and in the right ureter —in 351 (63.0 %) cases (Fig. 1).
Overall ESWL efficacy (stone-free rate) in our study was
achieved in 629 (95.0 %) patients, while ESWL failure was
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Fig. 1. Localization of stones in the ureters.

Table 1. ESWL outcomes in the patients with ureterolithiasis and different duration of
symptoms

Duration ESWL success (n = 629) | ESWL failure (n = 33) Efficacy, %
of symptoms, days

31 (49 4) 99.7*
8-14 184 (29.3) 5 (15.2) 97.4
15-29 100 (15.9) 12(36.4) 89.3*
30-59 27 (4.3) 10 (30.3) 73.0*
260 7(1.1) 5(15.2) 58.3**

*: baseline; **: statistical difference of ESWL efficacy comparing with the baseline (P < 0.05).

Table 2. ESWL outcomes in patients with different ureteral stone size

ESWL success (n = 629) | ESWL failure (n = 33) Efficacy, %

-upto10 392 62 3) 10 (30 3) 97.5*
10 —upto 15 218 (34.7) 20 (60.6) 91.6
15 —upto 20 19(3.0) 3(9.1) 86.4*

*: baseline; **: statistical difference of ESWL efficacy comparing with the baseline (P < 0.05).

Table 3. ESWL outcomes in patients with different stone localization in the ureter

Stone localization in | ESWL success (n = 629) | ESWL failure (n = 33) Efficacy, %
the ureter

Upper third 360 57 2) 18 (54 6) 95.2¢
Middle third 48(7.,6) 2(6.1) 96.0%
Lower third 221 (35.1) 13(39.4) 94.4%

*: baseline; ##: no statistical difference of ESWL efficacy comparing with the baseline (P > 0.05).

registered in 33 (5.0 %) cases. An analysis on the relation-
ships between ESWL efficacy/failure and duration of symptoms
(the time of a calculus presence in the ureter) revealed predic-
tive factors as the stone size and its localization in the ureter.
Table 1 presents the relationships between ESWL
outcomes and the duration of symptoms in our patients.
According to the Spearman’s Rank Correlation Coef-
ficient, we registered strong inverse correlation between

666 ISSN 2306-4145 http://zmj.zsmu.edu.ua

ESWL efficacy and duration of symptoms in our patients with
ureterolithiasis (r = -0.92). Thus, with increasing duration of
symptoms, the effectiveness of ESWL decreased.

Table 2 presents the relationships between ESWL
outcomes and the stone size in the greatest dimension in
our patients.

According to the Spearman’s Rank Correlation Coef-
ficient, we registered strong inverse correlation between
ESWL efficacy and stone size in our patients with uretero-
lithiasis (r = -0.68). Therefore, with increasing stone size,
the ESWL effectiveness decreased. As presented in Table
2, among 238 patients with ureteral calculi sized from 10
mm up to 15 mm, successful ESWL was registered in 218
(91.6 %). The results obtained demonstrate efficacy of
ESWL even in such size of ureteral calculi. Patients with
ureteral calculi sized over 15 mm demonstrated statistically
lower stone-free rates after ESWL comparing to the baseline
(86.4 % vs.97.5 %, P < 0.05).

Table 3 shows relationships between ESWL outcomes
and stone localization in the ureter in our patients.

Using the Spearman’s Rank Correlation Coefficient
we did not found any correlation between ESWL efficacy
and stone localization in the ureter in our patients with
ureterolithiasis (r = 0.27). It means, according to our
data, the stone localization in the ureter did not influence
the ESWL outcomes and could not be considered as a
predictor of ESWL failure.

Assessment of the ureteral stone density we performed
before ESWL in all 629 patients from Group 1 and 33 pa-
tients from Group 2. Stone density ranged from 200 HU to
1600 HU in Group 1 and from 340 HU to 1600 HU in Group
2. Taking into account that the absence of fragmentation was
observedonlyin7 (1.1 %) patients out of all 662 from both
groups, we believe that the stone density did not influence
significantly on the final outcome of ESWL in patients with
ureterolithiasis (r = 0.24).

Ureteroscopic biopsy was performed followed by a histo-
logical examination of the ureteral wall in patients with different
time of stones presence in the ureters (7 days, 1 month and 3
months) with a comparative analysis of the results both with
one another and with the results of the ureteral wall exami-
nation where a stone was absent (a control sample, Fig. 2).

Histological appearances of biopsy specimens with
hematoxylin and eosin staining and original magnification
x40 are presented in Fig. 2-5.

Focal hemorrhages and areas of epithelial exfoliation
are visualized, which occurred during the material collec-
tion. Stratification of the urothelium is preserved, there
are superficial, intermediate and basal urotheliocytes,
the number of epithelial rows ranges from 3 to 5 without
cellular atypia.

Focal hemorrhages and areas of epithelial exfoliation
are visualized, which occurred during the material collection.
Stratification of the urothelium is largely preserved, the num-
ber of epithelial rows ranges from 3 to 5 without cellular
atypia, but with dystrophic changes in the form of vacuolar
dystrophy. There are areas of epithelial exfoliation, exposed
basement membrane, exfoliation of surface urotheliocytes.
Submucosal layer is characterized by moderate edema.

Stratification of the urothelium in most areas is pre-
served, the number of epithelial rows ranges from 5 to
7 without cellular atypia, but with dystrophic changes in
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Fig. 4. A fragment of the ureteral wall where a stone was localized up to one month. Fig. 5. Afragment of the ureteral wall where a stone was localized up to three months.

the form of vacuolar dystrophy. There are areas of epithelial
exfoliation, exposed basement membrane, exfoliation of
superficial, intermediate and basal urotheliocytes. Massive
submucosal edema, vascular congestion, moderate focal
lymphocyte and mononuclear cells infiltration.

In most of the mucous membrane, there are areas of
epithelial exfoliation, exposed basement membrane, exfo-
liation of the surface, intermediate and basal urotheliocyte
layers. Epitheliocytes are without cellular atypia, but with
dystrophic changes in the form of vacuolar dystrophy.
Submucosal layer with pronounced edema, proliferation
of fibrous connective tissue, pronounced focal lymphocyte
and mononuclear cells infiltration.

We registered the pronounced submucosal edema
and proliferation of fibrous connective tissue at the place
of long-term presence of ureteral calculi (Fig. 5). Exposed
basement membrane and focal edema, which were not
seen in the control intact sample (Fig. 2), were progressively
increased over time (Fig. 3-5).

Discussion

Efficacy of different approaches to the treatment for patients
with ureteral calculi is an object of contemporary studies.

Zaporozhye medical journal. Volume 23. No. 5, September — October 2021

Yazici O. et al. in 2015 reported that higher BMI and in-
creased stone attenuation values were significant factors
influencing the final outcome of shock wave lithotripsy in
proximal ureteral stones. In the authors’ view, opposite to
the current literature data, high skin-to-stone distance (SSD)
was the only independent predictor of the shock wave litho-
tripsy success in patients with distal ureteral stones [8—10].

Various, sometimes not useful models for the prediction
of ESWL effective outcomes are under validation now. Patient
factors associated with ESWL efficacy have been proposed
including body mass index (BMI), SSD, anatomic features
of the kidney/ureter, stone size, location and density or even
patient age, gender and breathing patterns. Technical factors,
such as energy levels, different frequency of shock waves
used, accuracy of focusing and targeting the calculus may
also influence the ESWL outcomes [5,7,11-13].

The influence of duration of ureteral calculus presence,
its size and localization on the ESWL outcomes was studied.
According to our data, efficacy of ESWL did not depend on
the localization of calculus in the ureter (Table 3). As pre-
sented in Tables 1, 2, we found the strong inverse correlation
between ESWL efficacy and the calculus size (r = -0.68) as
well as the time of calculus presence (duration of symptoms)
(r = -0.92). So, these parameters could be considered as
predictors of ESWL failure in patients with ureterolithiasis.

ISSN 2306-4145  http://zmj.zsmu.edu.ua 667
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We examined histological changes in the ureteral wall
at the place of calculus location. Pathohistological changes
in the ureters, arising due to the presence of foreign bodies
there, were registered by B. Vogt and I. Chokri in 2020. The
authors have found mucosal irritation after ureteral double-pig-
tail stenting and proposed original approach to decrease it
[14]. According to our data, at the place of stone location in
the ureter, inflammatory changes developed at first followed
by dystrophic changes in the form of vacuolar dystrophy over
time. Submucosal layer was characterized by massive edema
with fibrous connective tissue proliferation at the third month
of the disease. The manifestations of inflammatory, sclerotic
and necrotic changes of the ureteral wall increased over time.
We think that detected changes could have a direct negative
impact on the stone free rate following ESWL fragmentation
as well as removal of fragments by endoscopic methods.

Hamamoto Sh. et al. in 2020 suggested that operative
time of ureteroscopic lithotripsy (URSL) and ureteral injuries
in patients with ureteral calculi were significantly correlated
with endoscopic finding grades. The authors concluded
that appropriate intervention around 34 days (limited to 98
days) after symptom onset is necessary for treating ureteral
calculi. Even if intervention passed 98 days post-symptom
onset, staged URSL, alternative procedures, and detailed
informed consent should be planned in advance. Due to
high efficacy of ESWL and URS in patients with urolothiasis,
there is a need for a clear understanding of their advantages
and disadvantages [15,16].

Itis obvious that dystrophic and inflammatory changes
with connective tissue proliferation impair the elasticity of
the ureteral wall, which in turn negatively affects the eva-
cuation of stones or their fragments after ESWL and reduce
its efficacy (Fig. 2-5). Features of the dynamic histological
changes in the ureteral wall under the long-term influence
of the stone presence there require further research.

The EAU recommends using ESWL as a first-line treat-
ment for patients with ureterolithiasis in cases of a stone
does not exceed 1.0 cm.

We have demonstrated a positive result of ESWL in
those with ureteral calculi larger than 1.0 cm and up to 1.5
cm in the greatest dimension, but according to the time in-
terval from the disease onset to the first session of lithotripsy
of not more than 14 days (Tables 1, 2).

In our study, we have tried to evaluate the risk factors
of ESWL failure in patients with ureterolithiasis. Based on
statistical analysis, we have found inverse correlations
between duration of symptoms and the stone size with
efficacy of ESWL; therefore, we suggest that the same
factors could be positive predictors of its failure. Prospects
for further research are to continue the study on the risk
factors for ineffective treatment of patients with ureteral
stones by ESWL.

Conclusions

1. ESWL was effective in 95.0 % of our patients with
ureterolithiasis and could be successfully performed even
in calculi from 1.0 cm up to 1.5 cm in the greatest dimen-
sion. The duration of symptoms and the stone size can be
considered as predictors of ESWL failure.

2. An increase in time between the onset of primary
clinical symptoms and the ESWL decreased the effective-

ness of treatment. Patients with ureteral calculi sized over
15 mm demonstrated lower stone-free rates after ESWL.

3. Prolonged presence of stones in the ureter pro-
moted the proliferation of stromal elements of its wall with
the development of fibrous connective tissue, impairing its
elasticity and adversely affecting the processes of stone
elimination after ESWL.

Prospects for the further research. Further studies
on prognostic factors of low-invasive treatment failure
in ureterolithiasis patients and deeper morphological
analyses of the upper urinary tract changes should be
conducted in order to decrease the level of surgical in-
tervention failure.
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