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Introduction

The management of urolithiasis varies in different centres 
worldwide. In developing countries, for renal stones less 
than 2  cm in size, there is a tendency first to use extra-
corporeal shock lithotripsy (SWL), which has become the 
modality of choice for selected cases in developed coun-
tries [1]. This discrepancy is because of the development 
of minimally invasive techniques in developed countries, 
such as mini-percutaneous nephrolithotomy (PNL) and ure-
terorenoscopy (URS), and common failures with SWL [2, 
3]. The success of SWL varies significantly, with approxi-
mately 80% and 69% success rates reported for renal pelvis, 
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Abstract
Objective  We sought to prospectively evaluate the impact of previously failed SWL on subsequent URS outcomes in the 
treatment of upper urinary tract stones.
Materials and methods  Between May 2021 and May 2023, one hundred thirty-six patients with proximal ureteral 
stones < 1.5 cm and renal stones < 2.5 cm who were candidates for URS were prospectively assigned to a non-SWL group, 
which included patients without a history of failed SWL before URS, and a post-SWL group, which included patients with 
a history of failed SWL before URS. The success rate was the primary outcome. The perioperative data of the two groups 
were compared.
Results  The stone-free rate was 83.3% in the post-SWL group versus 81.3% in the non-SWL group, and 8.3% in the post-
SWL group versus 9.4% in the non-SWL group had clinically insignificant residual fragments. There was no significant 
difference in the stone-free rate or success rate between the groups. No significant differences in intraoperative fluoroscopy 
time, operative time, intraoperative stone appearance, perioperative complications, or the presence of embedded fragments 
in the ureteral mucosa were detected between the two groups.
Conclusion  Compared with patients who underwent primary URS, patients who underwent salvage URS for upper urinary 
tract stones had similar stone-free rates, success rates, operative times, fluoroscopy times, and complication rates without 
any significant differences.
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upper calyceal and lower pole stones, respectively [4, 5]. 
Thus, stones resistant to treatment by SWL usually require 
retreatment by URS or PNL. SWL may cause inflammatory 
and oxidative damage in renal and ureteric tissues, lead-
ing to oedema [6]. However, whether these changes caused 
by prior SWL influence subsequent URS outcomes is still 
unclear. Most of the studies that addressed this topic were 
retrospective studies with a high risk of bias for outcome 
assessment. In a trial adjusting for confounding factors, 
only two studies were performed that matched patients who 
underwent URS with a history of failed SWL and patients 
without a history of SWL [7]. In this study, we aimed to 
prospectively evaluate the impact of previously failed SWL 
on subsequent URS outcomes in the treatment of the upper 
urinary tract.

Patients and methods

Between May 2021 and May 2023, all patients who pre-
sented with proximal ureteral stones < 1.5  cm and renal 
stones < 2.5 cm were candidates for URS who attended the 
Beni-suef University Hospital outpatient clinic were pro-
spectively, randomly selected and categorized into 2 groups: 
Group 1 included 64 patients without a history of previous 
failed SWL before URS, and Group 2 included 72 patients 
with a history of previous failed SWL (within one month 
after failed SWL session) before URS. Failed SWL either 
residual fragments ˃ 4 mm after the third SWL session or 
patients requests early URS after the complete failure of 
stone fragmentation after the first or second SWL session. 
The research ethical committee of Beni-Suef University 
approved the study (FMBSUREC∕09012022 ∕Abdelsat-
tar), and all patients provided informed consent. Patients 
with congenital skeletal malformations, congenital urologi-
cal anomalies, active urinary tract infections, distal ureteral 
stones, or pregnancy were excluded. Urine analysis, urine 
culture and sensitivity, serum creatinine, prothrombin time 
and concentration, kidney-ureter-bladder (KUB) radiogra-
phy, abdominopelvic ultrasonography (US) and computer-
ized tomography (CT) were performed preoperatively for 
all patients to assess the stone size, site, stone attenuation 
value, and post-SWL complications (subcapsular and peri-
nephric hematomas).

In SWL an electrohydraulic EMD E-1000 lithotripter 
was used and intravenous analgesia (meperidine hydro-
chloride) was administered to all participants. The SWL 
was performed at a rate of 60 shock waves /minute. Power 
ramping was conducted from 8 to 20  kV during the first 
1000 shock waves. Alpha-blockers and non-steroidal anti-
inflammatories were used post-SWL to help stone passage 
and as analgesics on demand respectively. A prophylactic 

antibiotic was given at the time of anaesthesia induction. In 
the dorsal lithotomy position, a ureteral catheter (6 Fr) was 
passed over a guide wire through the ureteric orifice, a retro-
grade pyelogram and gradual ureteric dilatation up to 14 Fr 
were performed, and a safety guide wire was inserted under 
fluoroscopic guidance. According to the site and accessibil-
ity of the stone, a semirigid 6.5/8.5Fr or an 8.5Fr Flex-Xc 
Karl Storz ureteroscope (Tuttlingen, Germany) was used. 
We used an 11/13F ureteral access sheath during flexible 
ureteroscopy. Stone disintegration was performed using 
a 30 W LISA Sphinx holmium: YAG laser and an energy 
output of 0.8–1.8 J at 8–15 Hz was used. A JJ stent or ure-
teric catheter was inserted, and JJ stents were removed 2 
weeks after the procedure. One week after the procedure, 
KUB X-ray and US were performed. CT was performed at 
the 3-month follow-up for all participants to determine the 
primary outcome, stone-free rate (SFR) and clinically insig-
nificant residual fragments (CIRFs include patients with 
residual fragments ≤ 4  mm fragment), while patients with 
residual fragments ˃ 4  mm were considered as treatment 
failure, the success rate included patients of the SFR and 
CIRFs.

The sample size was estimated using an online epitools 
program for “Prospective, cohort, and randomized clini-
cal trials studies”. The 95% confidence intervals were 95% 
(power: 95% and alpha: 0.05).

Analysis of the data was performed using a social science 
statistical package (SPSS 27). The quantitative variables are 
described as the mean, standard deviation or median and IQR 
according to the normality of the distribution. The qualita-
tive variables are described as frequencies and percentages. 
Comparisons between normally distributed means were 
performed using the independent t test, and comparisons 
between non-normally distributed variables were performed 
using the Mann‒Whitney U test. Comparisons between cat-
egorical data were performed using the Chi-square test. The 
P value was calculated as either non-significant if > or equal 
to 0.05 or significant if < 0.05.

Results

The mean ages were 43.9 ± 15.1 and 41.6 ± 12.1 years in the 
post-SWL group and in the non-SWL group, respectively. 
Forty patients in the post-SWL group were male (55.6%), 
while 34 patients in the non-SWL group were male (53.1%). 
The baseline characteristics of age, sex, BMI, patient comor-
bidities, and stones were similar and are summarized in 
Table 1 and Table 2 (P > 0.05). There were 20 (27.8%) and 
16 (25.0%) patients with lower calyceal stones in the post-
SWL group and non-SWL group, respectively (P = 0.993). 
The mean time interval between shockwave and URS was 
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20 days (range 15 to < 30 days). Intraoperative fluoroscopy 
time, operative time, intraoperative stone appearance, JJ 
stent insertion, impacted ureteral stones, oedema around the 
stone, and the presence of embedded fragments in the ure-
teral mucosa were similar between the two groups (P > 0.05) 
(Table 3). The residual stones in both groups were similar, 
and 83.3% of patients in the post-SWL group and 81.3% in 
the SWL group were completely stone-free, while the suc-
cess rate was 91.6% in the post-SWL group and 90.6% in 

the non-SWL group. CIRFs, postoperative fever, ER con-
sultation, hospital readmission and sepsis were also similar, 
and no significant differences were detected between the 
two groups (Table  4). The median postoperative hospital 
stay was one day in the two groups, with no significant dif-
ferences (Table 4).

Discussion

Flexible URS and lasers are the first treatment options for 
upper urinary tract stones according to the European Asso-
ciation of Urology guidelines [1, 2]. However, in develop-
ing countries, flexible ureteroscopy and laser lithotripsy 

Table 1  Demographic data and medical comorbidities in both groups
Variable Post ESWL

(no = 72)
No ESWL
(no = 64)

P-value

Gender
Females
Males

40 (55.6%)
32 (44.4%)

34 (53.1%)
30 (46.9%)

0.841

Age (Mean ± SD), years 43.9 ± 15.1 41.6 ± 12.1 0.496
BMI (kg/m2) (Mean ± SD) 28.7 ± 4.793 29.38 ± 4.851 0.149
Comorbidities
HTN
DM
Metabolic syndrome
Cardiac

18 (25.0%)
24 (33.3%)
10 (13.9%)

6 (8.3%)

18 (28.1%)
12 (18.8%)

2 (3.1%)
6 (9.4%)

0.771
0.174
0.118
0.880

Others 0.506
CKD
Hyperthyroidism
Rheumatoid arthritis

0 (0.0%)
2 (2.8%)
0 (0.0%)

2 (3.1%)
2 (3.1%)
2 (3.1%)

SD: standard deviation, DM Diabetes Mellitus, HTN hypertension, 
BMI body mass index, SWL shock wave lithotripsy, CKD: chronic 
kidney disease. SAV stone attenuation value

Table 2  Distribution of stone characteristics in both groups
Stone characteristics Post SWL 

(no = 72 )
No SWL 
(no = 64)

P-value

side RT
LT

32 (44.4%)
40 (55.6%)

20 (31.3%)
44 (68.8%)

0.264

Size (mm): Mean ± SD 11.8 ± 3.2 12.3 ± 2.9 0.589
Site
Dispersed
Lower calyceal
Middle calyceal
Proximal ureter
UPJ
Upper calyceal

8 (11.1%)
20 (27.8%)
12 (16.7%)
10 (13.9%)
6 (8.3%)
16 (22.2%)

10 (15.6%)
16 (25.0%)
12 (18.8%)
8 (12.5%)
4 (6.3%)
14 (21.9%)

0.993

SAV (HU)
(median[IQR])

1028.5 
(895,1280)

1011.5 
(911.2,1242.5)

0.667 
(MW)

Preoperative CT
Subcapsular hematoma 4 (5.6%) NA NA
Number of SWL session
One 12 (16.7%)
Two
Three

40 (55.6%)
20 (27.8%)

NA NA

VAS on admission 
Median [IQR])

8 (3,50) 8 (3,48) 0.626 
(MW)

mean ± standard deviation. NA not applicable, distance, N number, 
SWL shock wave lithotripsy, IQR: interquartile range, MW: Mann-
Whitney U test, UPJ ureteropelvic junction, SAV Stone attenuation 
value, HU Hounsfield unit, VAS visual analogue score

Table 3  Distribution of intra-operative procedure circumstances
Intra-operative Post SWL 

(no = 72)
No SWL
(no = 64)

P-value

Fluoroscopy time/min 
(Median[IQR])

2.01 (2,2.5) 2.1 (1.5,2.5) 0.475 
(MW)

Operative time/min
Median[IQR])

45 (42,56) 51 
(41.3,58.8)

0.453 
(MW)

Intraoperative stone appearance
Comminuted
Intact

24 (33.3%)
48 (66.7%)

NA NA

Double J insertion 20 (27.7%) 19 (29.7%) NA
Invisible field due to bleeding 0 (0%) 0 (0%) NA
Fragments embedded in ure-
teral mucosa

6 (8.3%) 4 (6.3%) 0.743

Impacted stones 3 (4.16%) 1(1.56%) 0.122
oedema around the stone 5 (6.9%) 3 (4.6%) 0.352
IQR: interquartile range, MW: Mann-Whitney U test, NA not appli-
cable, SWL shock wave lithotripsy, URS ureteroscopy

Table 4  Comparison between the studied groups regarding the post-
operative outcomes
Postoperative Post SWL 

(no = 72)
No SWL 
(no = 64)

P-value

Stone free rate 60 
(83.3%)

52 
(81.3%)

CIRFs ≤ 4 mm fragment
Success rate
failed˃ 4 mm fragment

6 (8.3%)
66 
(91.6%)
6 (8.4%)

6 (9.4%)
58 
(90.6%)
6 (9.4%)

0.869

Complications according to the modified Clavien classification 
system
G I Fever
High grade ˃39.4 °C 4 (5.6%) 2 (3.1%)
Low grade ≤ 39.4 °C
G IVb Sepsis

6 (8.3%)
4 (5.6%)

4 (6.3%)
2 (3.1%)

0.833
0.480

ER consultations
Readmision

10 
(13.9%)
4 (5.6%)

6 (9.3%)
2 (3.1%)

0.184
0.480

Hospital stay / days Median[IQR]) 1(1,1)
1.3 ± 0.7

1(1,1)
1 ± 0.1

0.062 
(MW)

IQR: interquartile range, MW: Mann-Whitney U test, SWL shock 
wave lithotripsy, CIRFs: clinically insignificant residual fragments
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Conclusion

This prospective study revealed that patients who under-
went salvage URS for renal stones had similar stone-free 
rates, success rates, operative times, fluoroscopy times, and 
complication rates without any significant differences com-
pared to those who underwent primary URS.
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