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Abstract
Introduction
The optimal management of distal ureteral stones remains a matter of debate since current guidelines favor
ureteroscopy over extracorporeal shock wave lithotripsy (ESWL). We aimed to evaluate the efficiency of
ESWL for distal ureteral stones and to identify factors that affect treatment outcomes.

Materials and methods
The retrospective study included records of 115 patients with distal ureteral stones, 5 mm to 18 mm in size,
undergoing 223 ESWL sessions as an outpatient procedure. Early fragmentation and three-month follow-up
stone-free rate (SFR) was assessed through radiographic imaging. Treatment was successful if there were
no residual fragments or they were ≤4 mm, three months after the last session.

Results
The mean ±standard deviation (range) stone size was 9.68 ±3.10 (5.00-18.0) mm. The mean body mass

index (BMI) was 24.3 ±2.67 (18.4-29.8) kg/m² with a significant correlation between BMI and stone size (r2

=0.324, p <0.001). Patients underwent ESWL an average of 1.7 ±1.36 times (1-5), while 68 patients
(59.1%) became stone-free after one session. The overall SFR was 82.6%; for patients with stone sizes
≤10 mm and >10 mm, it was 99% and 9.4%, respectively. Cumulative SFR after the second session was
77%. In 20 (17%) patients the treatment was a failure. Complications occurred in 10.4%, while auxiliary
procedures were needed in 8.7% of cases, both significantly affected by the stone size (p <0.001). The
efficiency quotient (EQ) was 0.76. Treatment outcome was significantly different depending on stone size,
BMI, number of sessions, complications, and auxiliary procedures (p <0.001, p =0.022, p <0.001, p <0.001,
p <0.001, respectively). Univariate regression analysis identified stone size and BMI as significant predictors
of treatment outcome (odds ratio (OR) 3.84, 95% confidence interval (CI): 2.31-8.97, p =0.001, and OR
1.25, 95% CI: 1.04-1.54, p =0.024, respectively).

Conclusions
Extracorporeal shock wave lithotripsy continues to be a safe and effective option for managing simple calculi
in distal ureters with a diameter of ≤10 mm. The stone size and BMI remain significant predictors of
treatment outcome. 
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Introduction
Urinary stones are among the most common urological conditions that affect millions worldwide and place a
significant burden on the healthcare system [1]. It is found in approximately one in 11 people in Western
countries [2]. Ureteral stones account for 20% of urinary stones with up to 70% localized in the distal ureter
[3,4].

Treatment depends on size, position, composition, clinical factors, equipment availability, and urologist
experience [5]. In the era of improvement of endoscopic procedures, optimal management of distal ureteral
stones remains a matter of debate. Current guidelines recommend extracorporeal shock wave lithotripsy
(ESWL) as a secondary option as ureteroscopy (URS) was found to be superior in the treatment of lower
urinary stones [6-8].
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Extracorporeal shock wave lithotripsy is well established as safe, non-invasive, highly efficient, and more
cost-effective than endoscopic interventions, which is why it has been introduced as a preferred treatment
modality worldwide [5,8]. Although ESWL has a lower complication rate and shorter hospital lengths, overall,
it has lower stone-free rates (SFRs) [9]. In addition, ureteroscopy with holmium laser lithotripsy was found to
be more efficient with a shorter operative time [10]. However, the global pandemic of severe acute
respiratory syndrome coronavirus 2 (SARS-COV-2) may lead to a further increase in ESWL use as it does
not require general anesthesia and thus avoids its potential complications in patients with COVID-19 [11].

Extracorporeal shock wave lithotripsy uses generated acoustic waves which damage stones due to the
effects of direct stresses and cavitation. Despite its significant benefits, adverse effects of ESWL have been
described, as concomitant tissue injury occurs [12]. Equipment and technique have been refined over the
decades in trying to minimize postoperative recovery and morbidity [5].

Spontaneous elimination for distal ureteral stones 5 mm to 10 mm in size amounts to 25% to 50% or even
higher during the prolonged follow-up period [13]. The ESWL success rate is 82% to 90% and 58% to 67%
for proximal/mid and distal ureteral stones, respectively [14].

The efficiency of ESWL measured by success rate is affected by stone and patient-related factors, which
include stone size, position, degree of impaction, ureter anatomy, skin-to-stone distance (SSD), stone
density measured in Hounsfield units (HU), habitus, body mass index (BMI), and the presence of a ureteral
stent [5]. In addition, lithotripter performances, shock wave delivery rate, and power modifications, together
with imaging technology and service setup are among the most significant determinants of ESWL success
[5,15]. Furthermore, the adjuvant use of pharmacological agents, such as alpha-blockers and/or potassium
citrate may have an impact on SFR [16]. Appropriate patient selection with planning and post-treatment
monitoring is essential for achieving optimal outcomes and utilization of ESWL.

This study aimed to evaluate the efficiency of ESWL for distal ureteral stones regarding age, sex, BMI,
stone size, treatment complications, needs for retreatments, and auxiliary procedures and to identify factors
that affect treatment outcome.

Materials And Methods
Study design
This retrospective cohort study was performed in a tertiary-level stone center. It included patients with distal
ureteral stones undergoing ESWL treatments from May 2014 to November 2021 at the Clinic of Urology,
Clinical Center University of Sarajevo in Bosnia & Herzegovina.

Patients
The medical records of 115 patients requiring 223 ESWL sessions were analyzed in the study. The primary
selection was performed based on clinical data and radiological findings provided in the records. Patients
were included in the study based on specific criteria: unilateral radiopaque stone with the position in the
distal ureter, 5 mm to 20 mm in size. Furthermore, it included patients with normal or mildly altered renal
function, without previous kidney or ureteral surgery, intravesical obstruction, or proven urinary tract
infection. The patients had no history of use of anticoagulants and antihypertensive drugs.

The exclusion criteria were: patients younger than 18 and older than 70 years, BMI >30 kg/m2, stone larger
than 20 mm, the presence of radiolucent or bilateral ureteral stones, urinary tract infection or systemic
inflammation, obstruction and malignancy, patients with a solitary kidney, identified hematoma after ESWL,
severe spine deformities, history of tumors, strictures or anatomic anomalies of the ureter and/or previous
kidney or ureteral surgery. Also, patients who used additional pharmacological agents such as alpha-
blockers were excluded. General exclusion criteria were considered, namely pregnancy, moderate and
severely impaired renal function, and patients with pronounced comorbidity such as unstable cardiac status,
aortic abdominal aneurysm, renal artery aneurysm, or stenosis.

Equipment
All patients underwent a baseline radiographic evaluation of the kidneys, ureter, and bladder (KUB) and/or
an abdominopelvic computed tomography (CT) (non-enhanced or enhanced) scan. The localization and
maximum diameter of the stone were determined. However, stone density measured with HU and SSD was
not routinely evaluated. Abdominal ultrasonography was used to diagnose obstruction before and after
treatment. The distal ureter was defined as the ureteral segment below the lower border of the sacroiliac
joint to the vesicoureteral junction.

The ESWL treatment was performed in the supine transgluteal position using a Dornier Compact Delta II
unit (Dornier Medizintechnik GmbH, München, Germany), the device with an electromagnetic generation of
high-energy shock waves. The voltage of each shock wave was gradually increased from an initial 12 kV to
a final voltage of 19 kV. The procedure was ended when satisfactory fragmentation was seen on
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fluoroscopy or after 4000 shock waves have been delivered at a pulse rate of 84-90/min. During the
treatment, the stone was visualized by fluoroscopy and ultrasonography. Extracorporeal shock wave
lithotripsy procedure was carried out as an outpatient procedure, without anesthesia and with the application
of standard analgesia.

Methods
The medical records contained anamnesis, objective physical examination, laboratory tests, and radiological
examination data. The success of ESWL was evaluated according to demographic data, stone size, and
position, number of sessions, SFR, complications, and need for auxiliary procedures. The immediate and
three-month follow-up SFR were analyzed, as well as the retreatment rate. Successful ESWL treatment was
defined as the complete absence of stone fragments in imaging studies (stone-free status (SFS)) or the
presence of clinically insignificant residual fragments sized ≤4 mm [17]. Patients requiring repetitive ESWL
sessions for the same stone were defined as retreatment.

Patients who had sufficient fragmented stones but were not stone-free were carefully followed and reviewed
after seven to 10 days after the initial session using a KUB plain radiograph. Additional ESWL session was
applied immediately if there was inadequate stone fragmentation (either no signs of fragmentation or
fragments were >4 mm in diameter). Patients who had a significant residual stone (>4 mm) after the third
treatment, a residual fragment that failed to pass, and cases in which complications occurred were
considered ESWL failure. An alternative treatment modality was suggested for these patients.

A small number of patients required additional procedures, such as ureteral stent placement or
ureteroscopy, which were done within 48 hours after the initial procedure if there was a worsening of the
symptoms and/or an inability to resolve them conservatively. Patients were evaluated three months after the
last ESWL session. No routine antibiotic or medical expulsive treatment (MET) was performed before or
after the treatment.

Efficiency quotient (EQ) was assessed using the following equation previously proposed by Denstedt et al.
[18]: EQ = % stone free / [100% (1 treatment) + % requiring retreatment + % requiring auxiliary procedure]
× 100%.

Statistical analysis
Data were provided as absolute (n) and relative (%) numbers, mean and median values, range, and
standard deviation (SD). The Kolmogorov-Smirnov test and Shapiro-Wilk test were used for the data
distribution analysis. Statistical analysis was performed using unpaired and paired Welch’s t-test for
parametric data and chi-square test and Fisher’s exact test for non-parametric categorical variables. Also,
when the number of subjects compared was small, non-parametric Mann-Whitney and Kruskal-Wallis tests
were carried out.

The correlation was assessed by Pearson or Spearman method. Univariate analysis was used to assess
the association between the individual factors and the ESWL outcome. The significantly associated
variables were further tested using multivariate analysis to identify factors that acted independently and to
predict the probability of positive or negative treatment outcomes. The specificity and sensitivity of variables
were examined by the ROC (receiver operative characteristics) curve. The p-values <0.05 were considered
statistically significant. Statistical analysis was performed using Statistical Package for Social Sciences
(SPSS) version 23 (IBM Corp., Armonk, NY, USA).

Ethical considerations
This retrospective study obtained the Ethical Board approval (approval number: 29-20-945/12), and met all
the local and national ethical requirements, being conducted under the principles described in the
Declaration of Helsinki and with good clinical practice protocols. The study was exempt from the written
informed consent requirements due to its retrospective design and anonymized patient records.

Results
The summary of patients and treatment-related characteristics are shown in Table 1. A total of 115 patients
with ureteral stones size 5 mm to 18 mm were treated with 223 ESWL sessions. The mean ±SD (range)
age was 51.8 ±11.0 (22-68) years with a predominance of male patients (75 (65%) vs. 40 (35%)), and a
male/female ratio of 1.87. The stone distribution concerning the side of the body was almost equal. The
mean stone size was 9.68 ±3.10 (5.00-18.0) mm. The mean BMI was 24.3 ±2.67 (18.4-29.8) kg/m². There

was a statistically significant linear correlation between stone size and BMI (r2 =0.324, p <0.001).
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Variable  Value

No. of patients 115

Age (years),  mean ±SD (range) 51.8  ±11.0 (22.0-68.0)

BMI (kg/m²), mean  ±SD (range) 24.3  ±2.67 (18.4-29.8)

Sex  

male 75 (65%)

female 40 (35%)

Side  

right 58 (50.4%)

left 57 (49.6%)

Stone size (mm), mean  ±SD (range) 9.68  ±3.10 (5.00–18.0)

≤10 mm 83 (72.2%)

>10 mm 32 (27.8%)

No. of sessions (n), mean  ±SD 223; 1.70  ±1.36

Outcome  

success 95 (83%)

failure 20 (17%)

Auxiliary procedures  

without 105 (91.3%)

ureteral stent 6 (5.2%)

ureteroscopy 4 (3.5%)

Complications  

without 103 (89.57%)

steinstrasse 4 (3.47%)

infection 4 (3.47%)

obstruction 4 (3.47%)

SFR after each session  

1st 68 (59.1%)

2nd 20 (17.4%)

3rd 7 (6.1%)

TABLE 1: Summary of baseline characteristics
Values are presented as absolute, relative numbers, and/or mean ±SD (range) as appropriate.

SD: Standard deviation, BMI: Body mass index, SFR: Stone-free rate, n: number

The mean number of sessions was 1.70 ±1.36 (1-5). The overall success rate was 82.6%. The success rate
after the initial and second ESWL sessions was 59.1% and 77%, respectively. Sixty-eight patients (59.1%)
became stone-free after one session, while 20 patients (17.4%) needed two, and seven patients (6.1%)
needed three sessions (as seen above in Table 1). In 20 patients (17%) the treatment was a failure either
due to lack of disintegration or elimination of residual fragments. Separately, in the group of patients with a
stone size ≤10 mm, the success rate after three months was 99%. The analysis showed a statistically
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significant difference between stone size and the number of sessions only (p <0.001). Simultaneously, there

was a statistically significant linear correlation between stone size and BMI in this group (r2 =0.340, p
<0.01).

In the group of patients with a stone size >10 mm, there was a statistically significant difference between
stone size and treatment outcome (p <0.001), same as the stone size and auxiliary procedures (p <0.001).

Also, there was a statistically significant correlation between stone size and patient's age (r2= -0.374, p

<0.035) and stone size and the number of sessions (r2= -0.609, p <0.001). The mean number of sessions in
this group was 2.84 ±1.02 (1-5) and the success rate after three months was 9.38%.

Auxiliary procedures were needed in 10 cases (8.7%) and they included ureteral stent placement in six
cases (5.2%) and ureteroscopy with stone extraction in four cases (3.5%). Although stent placement was
followed by repeated successful ESWL sessions, these cases were considered a failure (as seen above in
Table 1). Nine patients who had poor fragmentation after three ESWL sessions refused to undergo salvage
ureteroscopy, but they achieved SFS after multiple sessions, although these cases too were considered a
failure. The analysis showed that auxiliary procedures were significantly different depending on stone size,
BMI, the number of sessions, and complications (p <0.001, p=0.042, p <0.001, p=<0.01, respectively).

Treatment complications were detected in 16 patients (10.4%); four developed distal steinstrasse, which
was resolved conservatively or by additional ESWL treatment of leading fragment; four patients each
developed urinary tract infection and urinary tract obstruction, which were resolved conservatively or by the
placement of the ureteral stent and/or salvage URS. Ureteric colic was reported by most of the patients and
was managed conservatively. Given all these data, and using the formula above, the EQ was 0.76.

Treatment complications were significantly different depending on stone size, auxiliary procedures, and
number of sessions (p <0.001, p <0.01, p <0.001, respectively) as their number and severity increased with
increasing these values. However, the complications are not significantly different depending on the BMI,
age, and body side (p=0.097, p=0.47, p=0.94, respectively).

The explanatory analysis showed that stone size, BMI, number of sessions, distribution of complications,
and auxiliary procedures were significantly different depending on treatment outcome (p <0.001, p=0.022, p
<0.001, p <0.001, p <0.001, respectively) (Figures 1-3). However, the side distribution, sex, and age were
not significantly different depending on ESWL outcome (p=0.97, p=0.98, p=0.92, respectively) (Table 2).
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FIGURE 1: Treatment outcome according to stone size
s: Success, f: Failure
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FIGURE 2: Treatment outcome according to BMI (kg/m²)
BMI: Body mass index, s: Success, f: Failure
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FIGURE 3: Treatment outcome according to number of
sessions
s: Success, f: Failure
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  Success 
(n=95)

Failure     
(n=20) n p-

value Test

Age (years), mean ±SD  51.9 ±10.7 51.5 ±12.2 115 0.92 Welch

BMI (kg/m²), mean ±SD  24.0 ±2.71 25.5  ±2.61 115 0.022 Welch

Number of sessions, median (Q25-
75)  1.00

(1.00; 2.00) 3.00 (3.00; 4.00) 115 <0.001 Mann-
Whitney

Size (mm), mean ±SD  8.57 ±1.93) 14.9 ±1.96 115 <0.001 Mann-
Whitney

 ≤10 mm 8.05  ±1.49) 10.0 83   

 >10 mm 11.8  ±0.899) 15.2  ±1.62 32   

Auxiliary procedures, n (%) without 95 (100%) 10 (50%) 105 <0.001 Fisher

 ureteral
stent 0 (0%) 6 (30%) 6 - -

 ureteroscopy 0 (0%) 4 (20%) 4 - -

Complications, n (%) without 95 (100%) 8 (40%) 103 <0.001 Fisher

 steinstrasse 0 (0%) 4 (20%) 4 - -

 infection 0 (0%) 4 (20%) 4 - -

 obstruction 0 (0%) 4 (20%) 4 - -

Sex, n (%) male 62 (65%) 13 (65%) 75 0.98 Chi2

 female 33 (35%) 7 (35%) 40 - -

Side, n (%) right 48 (51%) 10 (50%) 58 0.97 Chi2

 left 47 (49%) 10 (50%) 57 - -

TABLE 2: Univariate analysis of the variables affecting the outcome of ESWL
treatment
Values are presented as absolute, relative numbers, mean (SD, range), and/or median (Q25-75) as appropriate.

ESWL: Extracorporeal shock wave lithotripsy, n: Number, SD: Standard deviation

Furthermore, logistic regression was performed. Univariate logistic regression analysis showed that BMI,
within the range of 18.5-29.9 kg/m², was a statistically significant predictor of ESWL outcome (OR 1.25,
95% CI: 1.04-1.54, p=0.024). When BMI increases by 1 kg/m², the odds of treatment failure are multiplied
on average by 1.25. The regression coefficient was 0.277. The area under the ROC curve (AUC) was 0.655
(0.552-0.783) (Figure 4).

2022 Alić et al. Cureus 14(9): e28671. DOI 10.7759/cureus.28671 9 of 15



FIGURE 4: ROC curve—sensitivity and specificity of BMI
within non-obese range
ROC: Receiver operating characteristic, BMI: Body mass index

Furthermore, univariate regression analysis showed that stone size within the range of 5 mm to 18 mm,
was statistically a significant predictor of the treatment outcome (OR 3.84, 95% CI: 2.31-8.97, p=0.001)
(Table 3).

 Univariate Multivariate

 Odds ratio  (95% CI) p-value Coefficients Odds ratio (95% CI) p-value Coefficients

Size (mm) 3.84 (2.31-8.97) <0.001 1.35 3.82 (2.30- 8.90) <0.001 1.34

BMI (kg/m²) 1.25 (1.04-1.54) 0.024 0.277 1.05 (0.714- 1.57) 0.81 0.0459

TABLE 3: Logistic regression analysis of variables predicting treatment failure
CI: Confidence interval, BMI: Body mass index

When stone size increases by 1 mm, the odds of treatment failure are multiplied on average by 3.84. At the
threshold of 10 mm sensitivity was 100% and specificity 86%. As the stone size increases, the specificity
increases, and the sensitivity decreases (Figure 5). The regression coefficient was 0.277. The AUC was
0.983 (0.968-1.01).
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FIGURE 5: ROC curve–sensitivity and specificity of stone size
ROC: Receiver operating characteristic

We carried out a multivariate predictive analysis to determine the statistical relationship between treatment
failure and stone size by adjusting for BMI. At the risk of 5%, by adjusting for BMI (OR 1.05, 95% CI: 0.714-
1.57 p=0.81) there is a statistically significant relationship between treatment outcome and stone size only
(OR 3.82, 95% CI: 2.30-8.90, p <0.001) (as seen above in Table 3). The regression coefficient was 1.34.
The AUC was 0.985 (0.970-1.01). The other variables introduced in the statistical model are not significantly
linked to the outcome.

Discussion
Urolithiasis is the third most common urological condition and a significant cause of morbidity in 10% to
15% of people worldwide. Dietary and lifestyle changes lead to a predicted increment of almost 2 million
lives by the year 2050, with a 25% increase in health care expenses [19]. Ever since 1980, when it was first
introduced in the treatment of urolithiasis, ESWL has become an important part of urological practice [5]. It
was quickly widely accepted due to being a non-invasive, highly efficient, and cost-effective method.
Although the focus of the treatment has slightly shifted toward endourologic procedures in recent times,
ESWL remains a preferred modality for certain patients, based on stone size and location [8].

When it comes to ureterolithiasis, up to 70% of stones are located in the distal third of the ureter [8]. Active
treatment is indicated if the stone size is >5 mm, with persistent pain resistance to medical therapy, absence
of spontaneous stone elimination, and complications such as urinary tract infection, obstructive anuria, etc.
According to the American Urological Association (AUA) and European Association of Urology (EAU)
guidelines, both URS and ESWL represent the treatment of choice for ureterolithiasis [8,14]. In patients with
mid or distal ureteral stones who require intervention, clinicians should recommend URS as first-line
therapy. Furthermore, for patients who decline URS, clinicians should offer ESWL [14].

Males are considered to be three times more susceptible to urolithiasis because of testosterone-induced
oxalate production and smaller ureteral caliber [5]. Yazici et al. report the proposed 3:1 ratio in their findings,
while other studies showed no statistically significant difference regarding sex [20,21]. In our study, 65% of
patients were male, and 35% were female, with a male/female ratio of 1.87. Age analysis shows that
majority of patients were in the age group 40 to 60 years, which is consistent with previous reports in the
literature [10,20,21]. This emphasizes the role of urolithiasis as a significant medical but also socio-
economic problem due to its potential to incapacitate the available human resources, combined with the
rising cost of treatment.

In terms of the treatment outcome of ESWL, there are several factors involved. Some of them refer to the
patient (BMI, SSD, renal function) and urinary tract anatomy (anomalies, obstruction), while others are
related to the stone (size, location). Since the ultimate therapeutic goal is to disintegrate the stone and allow
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its complete clearance, the stone density (measured in HU) is also a notable parameter [22,23]. In our
study, the mean stone size was 9.68 ±3.10 mm, with a range from 5 to 18 mm. Other authors also report a
similar median stone size of <10 mm in their samples [7]. The EAU guidelines recommend both ESWL and
URS for distal ureteral stones <10 mm, but favor URS for stones >10 mm [8]. However, in everyday
practice, experienced urologists often make individual decisions based on current guidelines as well as
personal expertise and patient preference.

A study published by Yoon et al. examined the correlation between ESWL intensity and the outcome of
ureteral stone treatment. Their results also indicate that stone size and density are the key determinants in
a successful outcome, not only in the initial session but also in follow-up sessions, while ESWL intensity
was not significantly related to the result [20].

After the initial ESWL treatment, stone fragments can be passed over days, weeks, and even months. The
need for subsequent treatments or auxiliary treatment options depends on fragment size and associated
complications [5]. Treatment outcome was measured as SFR three months after the procedure. We report
an overall SFR of 82.6% and an EQ of 0.76. The highest SFR was in the group of patients with stones <10
mm, furthermore establishing a very strong negative correlation between stone size and SFR. In the current
study, a single ESWL treatment was sufficient for 59.1% of all patients. In the group of patients with a stone
size less than or equal to 10 mm, the success rate after three months was 99%. Patients with stones >10
mm required mostly additional sessions and the success rate after three months was 9.38%. Our analysis
showed a statistically significant difference between stone size and the number of sessions only (p <0.001)
in the first group and stone size, treatment outcome (p <0.001), and auxiliary procedures (p <0.001) in the
second group.

We compared the SFR after the initial ESWL treatment with subsequent sessions. The SFR after the first
treatment was 59.1%, 17.4% after the second, and 6.1% after the third session. Cumulative SFR following
two sessions was 77%. A low success rate of ESWL retreatment after initial failure was reported by Pace et
al. when 1588 patients had an initial SFR of 68%, followed by 46% after the second, and 31% after the
third treatment. They reported a cumulative SFR of 77% after the final session [24].

Taking these results into consideration, follow-up ESWL treatment after initial failure should be
reconsidered. While there are no definitive guidelines on the number of recommended ESWL treatments
per single stone, most authors suggest no more than three, due to previously discussed minimal
improvement in cumulative SFR [21,24]. The ultimate decision depends on time to retreatment, patient
preference, and overall clinical practice of the institution regarding urolithic procedures.

A meta-analysis that included 1607 patients reports an overall SFR of 73% for distal ureteral stones. With
increased stone size, the number of retreatments increased, and SFR decreased [7]. Similar to our results,
auxiliary procedures were rarely required, 0.37 per patient.

Initial stone fragmentation shows a predictive value in terms of ESWL success. These fragments usually
spontaneously pass to the bladder but sometimes crushed fragments accumulate in the distal ureter,
creating steinstrasse [8]. In our study, all these cases were resolved conservatively or by additional ESWL
treatment of the leading fragment. We excluded patients taking MET to avoid bias. While MET is common
practice in aiding stone passage after ESWL, some authors went beyond and suggested certain lifestyle
activities to help pass stone fragments. Li et al. report that sexual intercourse at least three times a week
can significantly improve SFR, relieve pain and reduce the formation of steinstrasse after the initial ESWL
treatment [25].

We report nine cases of failed ESWL procedures. In six patients there was a failed fragmentation following
initial ESWL treatment, while the remaining three had partial fragmentation. All of them required auxiliary
procedures to resolve ureteral stones, such as ureteral stents and URS.

Although ESWL is minimally invasive and highly effective, URS provides immediate success, especially with
larger stones. However, the Cochrane meta-analysis shows that while URS might be more effective than
ESWL in the treatment of distal ureteral stones, in terms of SFR and fewer retreatments needed, it is also
associated with more additional problems, such as extended hospital stay, higher complication rate, etc. [9].
Furthermore, there is limited evidence supporting the fact that URS is ultimately more cost-effective than
ESWL. Even though it provides almost immediate release, it also requires detailed preoperative
preparation, anesthesia, and stenting, which lead to prolonged stays at the hospital and associated
complications [26]. A large study from Turkey observed 2836 patients with a single ureteral stone sized 5
mm to 15 mm, out of which 1653 patients (58.3%) had distal ureteral stones. They report a success rate of
88.4% for all distal ureteral stones, and as much as 90.4% for those <10 mm in size [27].

In the current study, complications were observed in 10.4% of patients related to infection and obstruction,
while other complications such as hematuria were not analyzed due to the lack of data. They were treated
conservatively with the use of ESWL or additional procedures. Treatment complications were significantly
different depending on stone size, auxiliary procedures, and the number of sessions as their number and
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severity increased with increasing values.

Several studies have reported that stone size together with BMI can affect ESWL success rates
[8,22,23,28]. The authors found that SFR was significantly lower in obese patients than in normal and
overweight patients. Pareek et al. suggested that BMI is a significant predictor of treatment success [22].
This effect is probably related to the SSD, but it could be also due to difficulty in localizing the stone and
focusing the shock waves in obese patients [23]. Abdelghany et al. suggested that ESWL could be offered
as a primary treatment for patients having distal ureteral stones with a stone length of ≤10 mm, a stone

width of <8 mm, and a BMI of <30 kg/m2 [28]. Our results showed that a higher BMI favors ESWL failure

even in the normal and overweight range (18.5-29.9 kg/m2) and that BMI can be a good predictor of
treatment outcome.

The time to achieve SFS is a major factor in the evaluation of therapeutic modalities for ureterolithiasis.
Peschel et al. report an average of 10 days to achieve SFS in ESWL compared to 1.8 days in URS [29].
Patient satisfaction and quality of life are valuable but sometimes overlooked factors in choosing the right
treatment. Pearle et al. report a higher patient satisfaction rate for ESWL compared to URS (96% vs. 89%).
Even though the authors also report a better attitude of patients treated with ESWL towards retreatment of
the same type (100% vs. 87%), the results did not show statistical significance [30]. A previous study
indicated that all patients undergoing URS for stones >5 mm were satisfied, as compared to 95% of those
undergoing ESWL [29]. Sonmez et al. concluded that URS without a ureteral stent was the most
advantageous technique in terms of patients' daily physical functioning despite the need for postoperative
emergency stenting in some cases [31].

While both options represent distinguished and irreplaceable methods in modern urology, the final choice of
treatment should be made following patient status, overall health, current guidelines, and institutional and
organizational practice. In terms of patient safety, ESWL is a practical, safe and effective method, especially
for stones in the distal ureter due to the surrounding anatomy. In absence of parenchymal organs around,
shock waves do not cause adjacent tissue damage as in kidney stones and maximum energy can often be
delivered.

Furthermore, ESWL could be more practical for hospitals because unlike URS it is usually performed
without anesthesia, which reduces overall costs and allows treatment to be performed as an outpatient
procedure. This is especially beneficial in the cases of small-size stones <10 mm where a single treatment
often provides satisfactory results. All of the above is particularly beneficial in current times considering the
COVID-19 pandemic and its implications on patients’ health but also on healthcare system organization and
efficacy.

This study included potential weaknesses and limitations because of its retrospective nature and
inconsistency in evaluating success by imaging methods: a CT scan was rarely used for the detection of
residual fragments after the procedures. Considering the limitations of plain films, the occurrence of residual
fragments may be higher as KUB plain radiograph is known to increase the SFR. However, most authors
believe that high-quality KUB is usually sufficient to demonstrate the absence of stone material in the ureter,
especially in asymptomatic patients [32,33]. Uncritical overuse of CT examinations results in extensive
exposure of the patients to radiation and unnecessarily increases the cost of treatment [33].

Conclusions
Extracorporeal shock wave lithotripsy continues to be a safe and effective option for managing simple calculi
in distal ureters with a diameter of ≤10 mm. Treatment outcome was significantly different depending on
stone size, BMI, number of treatments, complications, and auxiliary procedures. However, the stone size
and BMI, even in the non-obese range, remain significant predictors of treatment outcome. Further studies
with larger numbers of cases are needed to determine the parameters of a statistical predictive model for
ESWL outcomes.
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