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Abstract
Purpose  Shock wave lithotripsy (SWL) in treatment of bladder and urethral stones was not precisely determined. The objec-
tive of this study is to compare the efficacy and safety of SWL versus visual cystolitholapaxy in the management of calcular 
acute urine retention.
Methods  From March 2015 to February 2017, a randomised controlled study was conducted on 100 patients for whom 
urethral catheter fixed for acute retention of urine due to urethral or vesical radio-opaque stone(s) ≤ 2 cm. Patients were 
randomised to either SWL group (n = 50) or visual cystolitholapaxy (endoscopy group) (n = 50).
Results  No statistically significant differences between the pre-operative parameters of both groups were found. The mean 
stone diameter was 12.2 ± 3 mm and 12.2 ± 3.2 mm in SWL and endoscopy groups, respectively (p value = 0.4). The overall 
success rates of SWL group were 94% (47 of 50 patients) and endoscopy group were 98% (49 of 50 patients). SWL failed 
in 3 patients (6%); these 3 patients underwent cystolitholapaxy and were rendered free of stones. Intra-operative and post-
operative complications were comparable between both groups (p value = 0.5 and 1, respectively). One patient had bladder 
perforation in the endoscopy group and was managed conservatively.
Conclusions  SWL mono-therapy is safe, non-invasive and as effective as visual cystolitholapaxy in management of patients 
presenting with acute urine retention by vesical or urethral stones 2 cm or less and could be useful for patients unwilling/
unfit for general anaesthesia.
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Introduction

Bladder stones (BS) are classified as migrant, primary idi-
opathic and secondary. Migrant BS are formed in the upper 
tract and passed to the bladder, whereas primary BS are 
associated with nutritional deficiencies. Secondary BS are 
complications of underlying conditions such as bladder out-
let obstruction (BOO), neurogenic bladder, bladder diver-
ticulae and foreign bodies [1].

Although shock wave lithotripsy (SWL) is currently the 
least invasive and ideal therapy for most of upper urinary 
tract stones, SWL usage for bladder and urethral stones 

is very limited [2]. Endoscopic and to lesser extent, open 
manipulation are the traditional methods of urethral and BS 
management. However, these techniques require anaesthe-
sia, hospitalisation and are associated with some morbidities 
such as haematuria, bladder perforation and urethral injury 
[3, 4].

By reviewing the previous reports [5], the indications 
of SWL in treatment of urethral and BS were not precisely 
determined and without strong level of evidence. To the best 
of our knowledge, this is the first randomised controlled trial 
(RCT), comparing the efficacy and safety of SWL versus 
endoscopic cystolitholapaxy for the treatment of patients 
who presented with calcular acute urinary retention.
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Materials and methods

Patients

A RCT was conducted between March 2015 and Febru-
ary 2017 and was registered in Clinicaltrials.gov with 
ID: NCT02594631; a total of 118 male patients were 

diagnosed at emergency room (ER) with acute retention 
of urine as a result of urethral or BS at Mansoura urology 
and nephrology centre. Only 100 patients aged between 18 
and 60 years and with radio-opaque stones 2 cm or less in 
greatest dimension were eligible for participation in the 
study after success of fixation of urethral catheter at the 
ER, because 12 patients did not meet the inclusion criteria. 
The CONSORT flowchart for study participants is shown 

* 8 patients had prostate size ≥80 gm, 3 patients had BS > 2 cm and 1 patient had radiolucent BS

# 6 patients refused to be randomised and prefer endoscopic management
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Allocated to Visual cystolitholapaxy: (n= 50)
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Did not receive allocated intervention: (n= 0)
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Fig. 1   CONSORT flowchart for study participants. *Eight patients had prostate size ≥ 80 g, 3 patients had BS > 2 cm and 1 patient had radiolu-
cent BS. #Six patients refused to be randomised and prefer endoscopic management
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in Fig. 1. Exclusion criteria were bladder cancer, bladder 
replacement, radiolucent stone(s), more than two stones 
or BOO due to marked enlarged prostate ≥ 80 g, prostate 
cancer, stricture urethra or external urethral meatus steno-
sis. The primary endpoint was to assess the stone-free rate 
(SFR) at 1 month. The secondary endpoint was to assess 
the peri-operative complications.

Procedure

After urethral lubrication with 20 ml of lubricating gel, 
patients who had a successful trial of fixation of a silicon 
Foley’s catheter (16 F) were included in the trial. No blind-
ing (masking) was done in this RCT, and randomisation 
was performed using computer generated, sequential num-
bering and patients were allocated to receive either SWL 
(SWL group) (n = 50) or visual cystolitholapaxy (Endoscopy 
group) (n = 50). All patients were evaluated by a complete 
history and physical examination, urine analysis, urine cul-
ture, coagulation profile, complete blood count and serum 
creatinine level. Imaging included a plain abdominal film 
(KUB X-ray) for stone opacity assessment, 3D-abdominal 
and pelvic ultrasonography (US). Prostate size was auto-
matically measured using Philips iU22 US machine.

All patients of the SWL group were treated in the supine 
position using the Dornier Gemini Lithotripter, under IV 
sedoanalgesia, and no prophylactic antibiotic was given 
unless indicated by positive urinalysis and culture. Endos-
copy group patients were treated using Karl Storz cysto-
scope and Mauermayer stone forceps, under spinal anaes-
thesia with prophylactic antibiotic. None of the endoscopy 
group patients had concomitant prostate resection, if BOO 
was present.

After the initial SWL session, the urethral catheter was 
removed, provided that disintegration of BS was evident on 
fluoroscopy and there was no haematuria. In the endoscopy 
group, the patients were hospitalised till urethral catheter 
removal on the next day. Patients who had BOO because of 
prostate were discharged on alpha-blocker to be followed 
up at our prostate unit, for later management. Success was 
defined as bladder free of clinically insignificant residual 
fragment (CIRF) < 4 mm by US and KUB.

Follow‑up

The patients were seen 1  week and 1  month after the 
procedure, and a KUB and US were performed. If a sig-
nificant residual stone ≥ 4 mm was present in SWL group, 
the patient underwent another SWL session. Fortunately, 
we did not miss any patient during follow-up visits. The 
procedure was considered failed if no or inadequate stone 
fragmentation ≥ 4 mm and/or no clearance were observed 

after three sessions, and the patient was scheduled for visual 
cystolitholapaxy.

Statistical analysis

From previous reports, the success rate for the SWL in treat-
ing BS was around 70%. Assuming type I statistical error of 
5% and type II statistical error of 20%, we planned to obtain 
a power of 80% (using G power program). According to 
[2–4, 6, 7], the expected difference between the SWL group 
and the endoscopy group would be 25% and a sample size 
of 50 patients in each arm would be powered 80% to detect 
the difference with the account for 15% losses (e.g. patient 
who may miss follow-up).

The data were collected into IBM SPSS 20 program 
(IBM Corporation; Armonk, New York, USA). Categori-
cal variables in the groups were compared using chi-square 
test. Continuous variables were compared using Student’s 
t test. A p value < 0.05 was the cutoff for significance of the 
differences between the groups.

Results

The comparison of the pre-operative parameters between the 
two groups did not reveal any statistically significant differ-
ences (Table 1). The SFR of SWL group was 94% and that 
of endoscopy group was 98% (p = 0.3). One session of SWL 
was sufficient to disintegrate and clear stones in 43 patients 
(86%), while 2 patients required 2 sessions (4%) and another 
2 patients required 3 sessions (4%) (Table 2).

The mean number of shocks was 3402 ± 1452, the median 
energy was 141.2 J, and the mean treatment duration was 
44 ± 11 min. The median number of sessions was 1 (range 
1–3). SWL failed in treatment of three patients (6%): two 
patients (4%) were failure of clearance even after achiev-
ing adequate fragmentation and one patient (2%) had no 
fragmentation at all. These patients underwent cystolithola-
paxy and were rendered free of stones. We did not use any 
complementary endoscopic procedures for evacuation of the 
stone fragments, and they were left for spontaneous passage 
in the other successful patients (94%).

In SWL group, sessions were performed on outpatient 
basis, while in the endoscopy group, patients were hospi-
talised for 1 day, unless complicated. Intra-operative and 
post-operative complications were comparable between both 
groups (Table 2). All complications are of grade I based on 
Clavien–Dindo classification. In all patients of both groups 
who developed haematuria, it was self-limited and resolved 
within 12 h with adequate hydration. One case of the cys-
tolitholapaxy group was complicated by bladder perfora-
tion with extrusion of the stone in front of Denonvilliers’ 
fascia (Fig. 2) and was managed conservatively in the form 
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of prolonged urethral catheterization (14 days), as it was 
asymptomatic.

Discussion

The choice of surgical approach and method of BS extrac-
tion have been determined by the availability of equipment, 
surgical experience, underlying comorbidities and stone 
characteristics (e.g. size and type) [8]. SWL could be an 
alternative option for the BS management [2, 4, 9]. Though 
secondary BS could be an indication for prostate surgery, 
Millan-Rodríguez successfully eliminated BS ≤ 4 cm2 in 
93% of the patient with BOO using SWL. Only 8% of the 
patients needed subsequent prostate surgery later on [3]. 
With the previous prospective study, we had level 2 evidence 
that BS are not an absolute indication for transurethral resec-
tion of the prostate (TURP), if the stones are < 4 cm2 [5]. 
Fragmentation had been satisfactory in most of the series 
published for SWL for BS, reaching between 72.2% and 

100% with effect of some factors in prognosis as the size of 
the BS, getting better results when BS had smaller size [3]. 
This rate decreased to about 25% if the BS would be larger 
than 6 cm [8]. In spite of the reports revealing that the suc-
cess of the procedure is directly related to the size of the BS 
[4], in the current study, we found that the need for extra 
sessions of SWL and the failure were not related to the size 
of the BS and this finding may be explained by limiting the 
BS size to ≤ 2 cm in the our selected patient.

In the literature, SWL was a reasonably effective option 
for treatment of BS with SFR ranging 66–100% [5]. The 
SWL SFR for BS depending on its volume; 92% in BS 
smaller than 1 cm2, 73% in 1–2 cm2, 57% in 2–3 cm2 and 
42% in larger than 3 cm2 [10]. Frabboni et al. used SWL for 
BS and had stone-free rate of 66% of the obstructed patients 
and 96% of the unobstructed patients [11]. Al-Ansari et al. 
studied 64 patients who presented with urethral or BS to the 
emergency department with acute urine retention and were 
treated with SWL; the stone-free rate was 98.4% [2]. In our 
study, radio-opaque BS ≤ 2 cm in greatest diameter and not 

Table 1   Patients’ and stones’ 
descriptive data

*Independent sample T test
**Chi-squared test
***Mann–Whitney U test
# Represent the maximal values for the stone or the largest one

SWL group (n = 50) Endoscopy group (n = 50) p value

Mean ± SD N (%) Mean ± SD N (%)

Age (years)* 43.5 ± 11.8 45.1 ± 10 0.4
ASA score**
 ASA I 39 (78%) 37 (54%) 0.9
 ASA II 11 (22%) 13 (26%)

BMI (kg/m2)* 29.7 ± 4.4 29.4 ± 4.2 0.7
Past history of LUT surgery** 4 (8%) 1 (2%) 0.3
Prostate size: g***, median (min–max) 33 (15–70) 33 (15–75) 0.8
Pre-operative UTI** 10 (20%) 11 (22%) 1
S. uric acid (mg/dl)* 5.8 ± 1.3 5.9 ± 1.6 0.6
Haemoglobin (gm/dl)* 14.4 ± 1 14.2 ± 1.5 0.5
Prothrombine concentration (%)* 94 ± 6 92.8 ± 8.4 0.2
Hounsfield unit (HU)* 773 ± 165 804 ± 175 0.37
Stone length (mm)*,# 12.2 ± 3 12.2 ± 3.2 0.97
Stone width (mm)*,# 8.3 ± 2.6 8.9 ± 2.5 0.27
Stone type**
 Migratory 35 (70%) 30 (60%) 0.3
 Primary idiopathic 0 (0%) 2 (4%)
 Secondary 15 (30%) 18 (36%)

Stone nature** 0.2
 Denovo 41 (82%) 42 (84%)
 Recurrrent 9 (18%) 8 (16%)

Stone number** 1
 Single 49 (98%) 48 (96%)
 Two stones 1 (2%) 2 (4%)
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more than 2 stones in number were treated efficiently by 
SWL reaching an overall success rate of 94%.

Regarding the efficacy of endoscopic management for 
BS in the current literature, the SFR is about 83–100% 
[12–16]. Cystolitholapaxy group in this trial had a SFR 
98%. Comparing the both modalities in our RCT: SWL and 
cystolitholapaxy in the management of patients presenting 

with calcular acute urinary retention, we obtained SFR 
94% versus 98%, respectively (p = 0.3). The higher SFR in 
our study is due to stone size ≤ 2 cm in greatest diameter. 
The advantage for SWL—although SWL require ionising 
radiation for localization—include outpatient treatment 
under sedoanalgesia, and options for repeated treatments, 
while the cystolitholapaxy was carried out under spinal 
anaesthesia [2, 17, 18] However, SWL had some disad-
vantages; multiple therapeutic sessions may be necessary 
and no available management of the BS aetiology as BOO 
by prostate resection simultaneously.

Endoscopic cystolitholapaxy was reported to have a 
complication rate up to 25%, including urethral injury, ves-
ical perforation and residual lithiasis, whereas SWL had 
up to 13% complication that required endoscopic proce-
dures [8]. Data from a recent study reported that no pelvic 
haematoma or other complications were found, even for a 
patient who required 3 sessions, and the haematuria that 
developed in some patients was self-limiting, managed 
conservatively in all cases [4]. In this RCT, the complica-
tion rate was 20% and 18% for the SWL and cystolithola-
paxy groups, respectively (p = 0.79). Bhatia and Biyani 
revealed that the complications as well as the hospital stay 
are tripled in the endoscopic extraction compared with the 
SWL for BS [7]. In our study, SWL was done as outpatient 
procedure. Endoscopic cystolitholapaxy had 1-day hospi-
tal stay, except for the patient of bladder perforation that 
was kept inpatient for 5 days.

Although this study is a RCT, it still has some limitations 
including: exclusion of stone > 2 cm that could make SWL 
to be less effective, the lack of a chemical analysis of the 
disintegrated stones, the omission of cost analysis and the 
number of patients in our study was not adequate to study 
the factors predicting the success of SWL in treatment of 
BS, so investigators are invited to carry out a study of good 
number of cases that can achieve such a goal.

Conclusions

SWL mono-therapy is safe, non-invasive and as effective 
as visual cystolitholapaxy in management of patients pre-
senting with acute urine retention by vesical or urethral 
stones 2 cm or less in greatest dimension and could be 
useful for patients unwilling/unfit for anaesthesia.
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Table 2   Peri-operative complications and outcomes of both groups

*Chi-squared test

SWL group 
(n = 50), N 
(%)

Endoscopy 
group (n = 50), 
N (%)

p value

Intra-operative complications*
 Bladder mucosal injury – 2 (4%)
 Perforation 0 (0%) 1 (2%) 0.5
 Urethral injury 1 (2%)

Post-operative complications*
 Haematuria 10 (20%) 8 (16%) 1
 Urine retention 1 (2%) 0 (0%)
 Abdominal pain 0 (0%) 1(2%)
 Overall 11 (22%) 9 (18%)

Stone free after 1st ses-
sion*

43 (86%) – 0.3

Stone free after 2nd ses-
sion*

2 (4%) –

Stone free after 3rd ses-
sion*

2 (4%) –

Overall stone free* 47 (94%) 49 (98%)
Failure* 3 (6%) 1 (2%)

Fig. 2   Pelvic NCCT showing extrusion of stone in front of Denon-
villiers’ fascia after bladder perforation as cystolitholapaxy complica-
tion; yellow arrows 1—urinary bladder, 2—the extruded stone, 3—
Denonvilliers’ fascia, 4—rectum
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