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Прогностические факторы неудовлетворительных результатов экстракорпоральной 
ударно-волновой литотрипсии в лечении больных уретеролитиазом
А. С. Возианов, С. А. Возианов
Эффективность различных методов лечения у больных с конкрементами мочеточника и прогностические факторы успешной 
терапии  – объекты современных исследований. Только в некоторых исследованиях изучали продолжительность симптомов, 
характерных для уретеролитиаза, и изменения стенки мочеточника как прогностические факторы неудовлетворительных 
результатов экстракорпоральной ударно-волновой литотрипсии у больных с камнями мочеточника.
Цель работы  – установить особенности гистологических изменений в стенке мочеточника вследствие наличия кон-
кремента, оценить прогностические факторы неудовлетворительных результатов экстракорпоральной ударно-волновой 
литотрипсии (ЭУВЛ) у больных уретеролитиазом.
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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  %)  – in the 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.

Прогностичні фактори незадовільних результатів екстракорпоральної  
ударно-хвильової літотрипсії в лікуванні хворих на уретеролітіаз

О. С. Возіанов, С. О. Возіанов

Ефективність різних методів лікування у хворих із конкрементами сечовода та прогностичні фактори успішної терапії  – об’єкти 
сучасних досліджень. Тільки в окремих дослідженнях вивчали тривалість симптомів, що характерні для уретеролітіазу, та 
зміни стінки сечовода як прогностичні фактори незадовільних результатів екстракорпоральної ударно-хвильової літотрипсії 
у хворих із каменями сечовода.
Мета роботи  – встановити особливості гістологічних змін у стінці сечовода внаслідок наявності конкременту, оцінити прогнос-
тичні фактори незадовільних результатів екстракорпоральної ударно-хвильової літотрипсії (ЕУХЛ) у хворих на уретеролітіаз.
Матеріали та методи. Проаналізували результати лікування 662 хворих на уретеролітіаз методом ЕУХЛ. Пацієнтів поділили 
на дві групи: 1 включала 629 (95,0 %) хворих із позитивним ефектом від ЕУХЛ, група 2  – 33 (5,0 %) осіб із незадовільними 
результатами, коли відходження конкременту не відбулося. Камені у верхній третині сечовода виявили в 378 (57,0  %) паці-
єнтів, у середній  – у 50 (7,6  %), у нижній третині  – у 234 (35,4  %). Для визначення предикторів незадовільних результатів 
використовували коефіцієнт рангової кореляції Спірмена.
Результати. Загальна ефективність ЕУХЛ  – 95,0  %. Виявили сильну зворотну кореляцію між успішністю ЕУХЛ і тривалістю 
симптомів (r  =  -0,92), розміром конкременту (r  =  -0,68). Локалізація каменя в сечоводі не впливає на результати ЕУХЛ (r  =  0,27).
Висновки. Збільшення терміну від появи перших клінічних симптомів до виконання ЕУХЛ знижує ефективність лікування. 
У пацієнтів із каменями в сечоводах розміром понад 15 мм встановили нижчі показники звільнення сечоводів від конкре-
ментів після ЕУХЛ.
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Материалы и методы. Проанализировали результаты лечения 662 больных уретеролитиазом методом ЭУВЛ. Пациентов 
поделили на две группы: 1 включала 629 (95,0  %) больных с положительным эффектом от ЭУВЛ, группа 2  – 33 (5,0  %) 
пациента с неудовлетворительными результатами, когда отхождение конкремента не произошло. Камни в верхней трети 
мочеточника обнаружены у 378 (57,0  %) пациентов, в средней  – у 50 (7,6  %), в нижней трети  – у 234 (35,4  %). Для опре-
деления предикторов неудовлетворительных результатов использовали коэффициент ранговой корреляции Спирмена.
Результаты. Общая эффективность ЭУВЛ составила 95,0  %. Исследование показало сильную обратную корреляцию 
между эффективностью ЭУВЛ и продолжительностью симптомов (r  =  -0,92), размером конкремента (r  =  -0,68). Лока-
лизация камня в мочеточнике не влияет на результаты ЭУВЛ (r  =  0,27).
Выводы. Увеличение срока от появления первых клинических симптомов до выполнения ЭУВЛ снижает эффективность 
лечения. У пациентов с камнями в мочеточниках размерами более 15 мм установлены более низкие показатели освобо-
ждения мочеточников от конкрементов после ЭУВЛ.

Ureterolithiasis is a worldwide disease with multifactorial etio
logy and high, up to 39  % within 15 years, reoccurrence rates 
that affects a large number of patients, and predominantly 
manifesting by sudden, colicky, almost 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-

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;

– Group 2, 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 ×40 
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  %), and in the lower part  – in 234 (35.4  %) patients. 
Calculi were present in the left ureter in 311 (47.0  %) cases 
and in the right ureter  – in 351 (53.0  %) 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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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 

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 
observed only in 7 (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 
×40 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 

Upper part
57.0 %

Middle
 part
7.6 %

Lower part
35.4 % Left 

ureter

47.0 %

Right
ureter

53.0 %

Fig. 1. Localization of stones in the ureters.

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

Duration  
of symptoms, days

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

≤7 311 (49.4) 1 (3.0) 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**
≥60 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

Stone size, mm ESWL success (n  =  629) ESWL failure (n  =  33) Efficacy,  %
n (%) n (%)

5  – up to 10 392 (62.3) 10 (30.3) 97.5*
10  – up to 15 218 (34.7) 20 (60.6) 91.6
15  – up to 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 
the ureter

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

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).
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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. 

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.

	

Fig. 2. A fragment of the ureteral wall without stone.			   Fig. 3. A fragment of the ureteral wall where a stone was localized up to 7 days.

	

Fig. 4. A fragment of the ureteral wall where a stone was localized up to one month.	 Fig. 5. A fragment of the ureteral wall where a stone was localized up to three months.
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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].

It is 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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