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mean scores across all groups. Drug-related side effects, 
particularly constipation, were higher in trospium group 
than in solifenacin one.
Conclusions Solifenacin treatment showed significant 
improvement in almost all domains of stent-related symp-
toms than trospium. In terms of safety and tolerance, both 
drugs were comparable. Future studies should be designed 
to address the impact of combined drugs and lower doses in 
the management of DJ stent-related symptoms.

Keywords Laser lithotripsy · Ureteroscopy · Solifenacin · 
Trospium chloride · Stent-related symptoms

Introduction

A ureteral stent or double J (DJ) placed after ureteroscopic 
lithotripsy (URSL) is a standard procedure provided by 
many centers for a wide variety of purposes such as ensur-
ing passage of any stone fragments, improving hydro-
nephrosis, preventing ureteral obstruction and relieving 
postoperative pain that may result from ureteral edema or 
the passage of stone fragments [1]. Nevertheless, many 
researchers have verified that there was no need for ureteral 
stenting after uncomplicated URSL [2, 3]. This conflict 
might be attributable to stent-related symptoms and mor-
bidities that usually occur and reduce the patient quality 
of life due to lower urinary tract symptoms (LUTS), body 
pains or hematuria in addition to the need for secondary 
cystoscopy for stent removal [1, 4–8].

Although many hypotheses to explain the stent-related 
symptoms exist, the exact pathophysiological mechanisms 
remain unclear. The DJ stent-related symptoms are similar 
to that of overactive bladder mediated by muscarinic recep-
tors as a result of local irritation, especially the bladder 

Abstract 
Purpose We aimed to compare the safety and efficacy of 
solifenacin versus trospium chloride and compare each 
drug versus placebo regarding the relief of stent-related 
symptoms following uncomplicated ureteroscopic litho-
tripsy (URSL).
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210 eligible patients who underwent URSL with double-
J stent insertion were recruited and randomly assigned to 
either the first group, receiving solifenacin (10 mg), second 
group, receiving trospium chloride (60 mg), or the third 
group, receiving placebo (one tablet). All patients were kept 
on study medication once daily during the entire 2-week 
postoperative period. All subjects were asked to complete a 
brief-form questionnaire to assess the lower urinary symp-
toms, stent-related body pain and hematuria, preoperatively 
and 2 weeks postoperatively.
Results There were no statistically significant differences 
among the study groups in terms of mean age, gender, 
anthropometric measurements, stone and stent criteria. The 
overall symptom score, urgency, urge incontinence, flank 
pain, urethral pain and gross hematuria scores were sig-
nificantly lower in solifenacin group compared to trospium 
chloride and placebo groups (p < 0.001). Concerning fre-
quency and nocturia, there was no significant difference in 
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contact with the distal curl of the stent [4, 9–11]. Hence, 
different muscarinic receptor antagonists used for treatment 
of patients with overactive bladder [12, 13] were tried also 
for treatment of stent-related symptoms [14, 15]. One of 
these drugs, solifenacin, has been approved to treat overac-
tive bladder symptoms and can be easily titrated with low 
adverse effects [16–20]. Another anti-muscarinic agent, 
trospium chloride, has been addressed in long-term studies 
as an effective and well-tolerated drug in the treatment of 
overactive bladder symptoms [21].

Therefore, the present study aimed to investigate 
and compare the safety and efficacy of these two anti-
muscarinic medications (solifenacin and trospium chlo-
ride) versus placebo in the reduction in DJ stent-related 
symptoms.

Materials and methods

We used a prospective, double-blind, randomized study 
approved by the institutional ethics committee from 
October 2013 to November 2015. A purposeful conveni-
ence sample was employed to recruit a total of 210 adult 
patients (>18 years old) who underwent double-J stent 
insertion following ureteroscopic lithotripsy for ureteric 
stones. The eligible participants who were willing to join 

the study were randomized equally by using sealed opaque 
envelopes containing the instructions to one of three treat-
ment arms to compare the effects of solifenacin (10 mg 
once daily) (n = 70), trospium chloride (60 mg once daily) 
(n = 70) and a matched placebo (one tablet) (n = 70) 
(Fig. 1). The study drugs were handed over in identical 
plastic containers to a third person who was not directly 
involved in the study and labeled the containers based 
on the random allocation sequence of the patients. None 
of the study participants switched the treatment arm fol-
lowing randomization. Patients were generally considered 
adherent to their medications if the number of absent pills 
was greater than 80% [22]. During the treatment period, 
the study population and health personnel, including those 
who collected and analyzed data, were blinded to the treat-
ment assignment.

Patients who had preoperative stenting, complicated ure-
teroscopy (e.g., ureteral injury), concomitant renal stones 
and other diseases that may cause LUTS such as benign 
prostatic hyperplasia (BPH), prostatitis, overactive blad-
der or interstitial cystitis were excluded from the study. In 
addition, patients who received preoperative selective alpha 
blockers and/or anti-muscarinic agents and analgesics and 
those who presented with residual fragments, migrated 
fragments or stent migration based on the postoperative 
plain abdominal radiography (KUB) were also excluded.

Fig. 1  Study flow diagram
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All patients underwent a preoperative clinical assess-
ment, ultrasonography (US) and KUB to evaluate the site, 
side and the size of ureteric stones. Patients with positive 
urine culture were treated with appropriate antibiotics, 
according to the culture antimicrobial sensitivity prior to 
the operation. Perioperative prophylactic third-generation 
cephalosporin (ceftriaxone, 2 gm) was administered intra-
venously and continued during the first postoperative day. 
Under general or spinal anesthesia, and fluoroscopy, ure-
teroscopy was performed while the patient was placed in 
lithotomy position. Ureteric dilatation was done up to 10 
Fr over a passed guide wire to the kidney, and then, an 
8-Fr ureteroscope (Karl Storz, Germany) was introduced to 
reach the stone followed by stone fragmentation using hol-
mium: YAG laser lithotripsy (Versa Pulse® P20, Lumenis, 
Germany). Double J (polyurethane double-loop ureteric 
stent, Coloplast, Germany) was inserted at the end of ure-
teroscopy for all patients.

The indwelling urethral catheter was removed 12–24 h 
after URSL for all study participants. On discharge, 
diclofenac potassium (50 mg) was prescribed two times a 
day for 5 days orally for the entire study groups. Patients 
were evaluated by KUB 2 weeks postoperatively to ensure 
proper position of the stent and absence of any residual 
fragments and to detect the completeness of the proximal 
and distal curls.

After obtaining information about the basic demo-
graphic data, stone criteria, stent length and diameter for all 
study participants, we utilized an eight-item symptom score 
questionnaire adapted from previously validated work and 
published literature [14]. It is a brief form of the Ureteral 
Symptom Score Questionnaire (USSQ) that was widely 
applied for evaluation of stent-related symptoms [5] includ-
ing the severity of (urinary frequency, urgency, urge incon-
tinence, nocturia), (flank pain, abdominal pain, urethral 
pain and hematuria). Each item was given a score from 
(0 to 5). The questionnaire was originally in English and 
translated into Arabic following an established forward–
backward translation procedure. This designated question-
naire was administered preoperatively and 2 weeks postop-
eratively to assess the research treatment outcomes.

This study was conducted according to the Declaration 
of Helsinki [23], and all patients provided written informed 
consent before being enrolled into the study.

Statistical analysis

Data were statistically described in terms of mean ± stand-
ard deviation (±SD), median and range, or frequencies 
(number of cases) and percentages when appropriate. Com-
parison of numerical variables between the study groups 
was made using the Student t test for independent samples 

in comparing two groups when normally distributed and 
Mann–Whitney U test for independent samples when not 
normally distributed. Comparison of normally distributed 
numerical variables between more than two groups was 
made using Kruskal–Wallis test. For comparing categori-
cal data, !2 test was performed. Exact test was used instead 
when the expected frequency is less than 5. Questionnaires 
with missing values were excluded from the present study. 
The differences between proportions were assessed using 
the p value for heterogeneity.

p values less than 0.05 were considered statistically sig-
nificant. All statistical calculations were done using com-
puter program SPSS (Statistical Package for the Social 
Science; SPSS Inc, Chicago, IL) release 15 for Microsoft 
Windows (2006).

Results

Participant demographic data and stones characteristics 
with a comparison of three groups are listed in Table 1. The 
mean age of all subjects was 39.2 (SD = 10.49). Approxi-
mately three-fourths of the study population (n = 210) 
were males (76.5%), with females accounting for the 
remaining 23.5%, giving male-to-female ratio of 3.3:1.

There were no statistically significant differences among 
the study groups in terms of mean age, gender distribution, 
anthropometric measurements and stone criteria (p > 0.05). 
In the same context, the operative time, stone position and 
DJ criteria of all groups were not significantly different 
(Table 2). No stent migration, breakage, encrustation or 
trauma to the ureter or kidney related to stent insertion was 
reported in the present study.

Assessment of preoperative and postoperative ureteral 
symptom scores in all study groups is summarized in 
Table 3. At baseline evaluation, there was no significant dif-
ference in ureteral symptoms, including irritative urinary 
tract symptoms, hematuria and pain across all study groups 
(p > 0.05).

The total postoperative symptoms scores were signifi-
cantly different among solifenacin, trospium chloride and 
placebo groups with a mean of [8.12 (SD = 4.38; 11.53 
(SD = 4.79); 13.77 (SD = 3.69), p < 0.001, respectively]. 
Based on individual symptom scores, there were no sig-
nificant changes in the mean of both frequency and noc-
turia scores among all study groups after 2 weeks of active 
treatment [p = 0.242; p = 0.068, respectively]. The Group 
A participants (solifenacin group) demonstrated signifi-
cant improvement in almost all domains, including urge, 
urge incontinence, stent-related pain and gross hematu-
ria (p < 0.001) compared to the other groups. As given in 
Table 3, the mean flank and abdominal pain scores were 
significantly improved in patients receiving trospium 
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chloride (Group B) (p < 0.001) more than those who 
received placebo [2.05 (SD = 1.72); 1.51 (SD = 0.65) 
vs. 2.94 (SD = 1.83); 2.43 (SD = 1.72), respectively]. 

Nonetheless, this improvement was significantly lower 
than that attained by patients receiving solifenacin 
(p < 0.001).

Table 1  Demographics and stones criteria of the study participants

Data are presented as mean ± SD (range) or number of patients (%) as appropriate

* Significant; BMI body mass index

Total
(n = 210)

Solifenacin group
(n = 70)

Trospium chloride group
(n = 70)

Placebo group
(n = 70)

p

Age (years) 39.23 ± 10.49
(18–65)

38 ± 8.97
(20–64)

40 ± 11.63
(18–65)

39.74 ± 6.8
(20–64)

0.373

Height (cm) 169.09 ± 9.382
(105–191)

169.51 ± 7.7
(151–190)

168.78 ± 8.56
(105–191)

167 ± 5.3
(152–185)

0.210

Weight (Kg) 86 ± 21.83
(40–175)

81 ± 17.01
(44–155)

88.23 ± 26.83
(40–175)

85 ± 23.05
(46–143)

0.169

BMI (Kg/m2) 30.45 ± 11.98
(16.23– 58.73)

27.60 ± 34
(16.77– 52.45)

30.02 ± 65
(16.23–58.73)

28.32 ± 45
(17.27–53.6)

0.076

Gender

 Males 161 (76.5%) 53 (75.8%) 54 (77.6%) 53 (75.8%) 0.974

 Females 49 (23.5%) 17 (24.2%) 16 (22.4%) 17 (24.2%)

Stones site

 Right 101 (48.1%) 29 (41.4%) 34 (48.5%) 38 (54.2%) 0.055

 Left 106 (50.5%) 41 (58.6%) 33 (47.2%) 32 (45.8%)

 Bilateral 3 (1.4%) – 3 (4.3%) –

Stones level

Upper ureter 15 (21.2%) 18 (25.3%) 17 (24.6%) 0.832

 Middle ureter 10 (15.2%) 5 (7.5%) 7 (10.3%) 0.381

 Lower ureter 45 (63.6%) 47 (67.2%) 46 (65.1%) 0.939

Stone size (mm) 8.02 ± 2.38
(4–15)

7.6 ± 1.6
(5–13)

7.7 ± 1.08
(5–12)

0.343

Table 2  Operative details and 
double-J stent criteria in all 
study subjects, solifenacin, 
trospium chloride and placebo 
groups

Group A
Solifenacin
(n = 70)

Group B
Trospium chloride
(n = 70)

Group C
Placebo
(n = 70)

p

DJ length (cm)* 0.991

 24 12 (17%) 13 (18%) 11 (15.7%)

 26 38 (54.5%) 37 (53.5%) 36 (51.4%)

 28 20 (28.5%) 20 (28.5%) 23 (32.9%)

DJ diameter (Fr) 0.538

 5 15 (21.4%) 9 (13.5%) 12 (17.1%)

 6 32 (46.5%) 36 (52.2%) 34 (48.5%)

 7 10 (14.1%) 7 (10.4%) 8 (11.4%)

 8 13 (18%) 18 (23.9%) 16 (23%)

Distal coil* 0.741

 Complete 66 (94%) 67 (95.5%) 65 (92.8%)

 Incomplete 4 (6%) 3 (4.5%) 5 (7.2%)

Proximal coil 1

 Complete 65 (92.8%) 66 (94%) 63 (90%)

 Incomplete 5 (7.2%) 4 (6%) 7 (10%)

Operative time (min) 31.82 ± 11.02 (15–55) 33.89 ± 40.55 (10–75) 34.72 ± 16.42 (17–80) 0.629
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Overall, the most frequently reported adverse effect was 
constipation (n = 9), predominantly in trospium chloride 
sample (n = 4, 5.7%) (Table 4). These side effects were 
mild, tolerable and generally similar across the treatment 
groups. Moreover, none of the patients reported discontinu-
ation of treatment due to these effects.

Discussion

Stent-related symptoms are quite problem in nearly 80% of 
patients that has been implicated in short-term morbidities 
in terms of negative impact on the patients’ quality of life, 
body pains and hematuria [1, 4–8], a finding corroborated 
in our study. Multiple mechanisms have been involved in 

the pathophysiology of these symptoms such as lower ure-
teric and bladder spasm mediated by muscarinic receptors, 
stent friction in the collecting system, intense, constant 
spasm and retrograde pressure transmission via stents [4, 
9–11].

The present study was designed to compare the safety 
and efficacy of solifenacin and trospium chloride to that of 
placebo in the relief of DJ stent-related symptoms.

Rane and associates suggested that the position and 
completeness of the lower loop of DJ have an influence 
on symptom severity in patients with stents [24]. Several 
previous studies have also reported a tendency toward a 
higher pain, irritative voiding scores and worsened qual-
ity of life among patients with longer and larger stents 
[25, 26]. Therefore, the length, diameter and position of 

Table 3  Assessment of 
preoperative and postoperative 
brief Ureteral Symptom 
Score Questionnaire (USSQ) 
for urinary tract symptoms, 
hematuria and pain in all study 
populations

Data are presented as mean ± SD (range)

* Significant
a,b,c For each group, mean values that share the same superscript letter are statistically significantly differ-
ent from each other

Scores Group A
Solifenacin
(n = 70)

Group B
Trospium chloride
(n = 70)

Group C
Placebo
(n = 70)

p

Total score

 Pre 6.36 ± 1.16 6.58 ± 1.72 6.48 ± 5.52 0.929

 Post 8.12 ± 4.38a 11.53 ± 4.79a 13.77 ± 3.69a 0.001*

Frequency

 Pre 1.41 ± 1.23 1.81 ± 1.54 1.76 ± 1.22 0.172

 Post 2.67 ± 1.65 2.65 ± 1.71 3.07 ± 1.61 0.242

Urgency

 Pre 0.32 ± 1.43 0.41 ± 1.69 0.36 ± 1.34 0.938

 Post 0.61 ± 1.72ab 1.76 ± 1.84b 2.06 ± 1.21a <0.001*

Urge incontinence

 Pre 0.03 ± 1.12 0.01 ± 1.2 0.03 ± 1.4 0.994

 Post 0.16 ± 1.18ab 0.7 ± 1.3b 1.08 ± 1.54a <0.001*

Nocturia

 Pre 0.78 ± 1.16 0.87 ± 1.06 0.92 ± 1.73 0.743

 Post 1.81 ± 1.15 1.75 ± 1.16 2.17 ± 1.14 0.068

Stent-related pain

Flank pain

 Pre 1.35 ± 1.22 1.13 ± 1.63 1.14 ± 1.53 0.669

 Post 0.97 ± 1.62a 2.05 ± 1.72a 2.94 ± 1.83a <0.001*

Abdominal pain

 Pre 0.26 ± 0.74 0.36 ± 0.43 0.22 ± 0.73 0.423

 Post 0.43 ± 0.87a 1.51 ± 0.65a 2.43 ± 1.72a <0.001*

Urethral pain

 Pre 0.23 ± 1.63 0.24 ± 1.56 0.22 ± 1.43 0.997

 Post 0.73 ± 1.16ab 1.96 ± 1.69b 2.39 ± 1.84a <0.001*

Gross hematuria

 Pre 0.63 ± 1.09 0.62 ± 1.63 0.8 ± 1.42 0.694

 Post 1.07 ± 1.13ab 2.31 ± 1.78b 1.79 ± 1.32a <0.001*
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the proximal and distal curl of DJs, in the current research, 
were homogenous among all the study groups to avoid 
biased results.

Several oral agents have been reported to relieve the 
stent-related symptoms, including tamsulosin, alfuzo-
sin and extended-release tolterodine [8, 9, 27]. Consistent 
with these previous studies [8, 9, 27], we found that anti-
muscarinic monotherapy in the form of solifenacin and 
trospium chloride is associated with improvement in the 
total stent-related symptom score, with predominance of 
solifenacin treatment (8.12 ± 4.38, 11.53 ± 4.79, respec-
tively). We found that lower urinary tract symptoms, 
hematuria and stent-related pain scores were significantly 
reduced in patients receiving solifenacin more than those 
who received trospium chloride and placebo. Similar find-
ings were reported in a study carried out by Lee et al. [14] 
who found that postoperative solifenacin was effective and 
well tolerated for the treatment of stent-related symptoms 
following URSL in 70 patients, particularly urgency, urge 
incontinence, body pains and hematuria. In contrast, Lim 
et al. [28] reported that the combined therapy of tamsulosin 
and solifenacin significantly lowers the stent-related Inter-
national Prostate Symptom Score (IPSS) and quality of 
life (QOL) but not pain score in their retrospective study. 
This difference might be attributable to small sample size 
involved in their study. These results reflect the need to per-
form additional studies to investigate the effect of solifena-
cin drug in combination with trospium chloride treatment 
in the alleviation of stent-related symptoms.

We also found that the frequency and nocturia scores 
had no statistical difference across the study groups, 
solifenacin, trospium and placebo, with a mean of 2.67 
(SD = 1.65), 2.65 (SD = 1.71) and 3.07 (SD = 1.61) for 
frequency and 1.81 (SD = 1.15), 1.75 (SD = 1.16) and 
2.17 (SD = 1.14) for nocturia, respectively. These findings 
confirmed the previous results noted in VIBRANT study 
that demonstrated no significant difference in the reduction 
of nocturia episodes with solifenacin compared to placebo 
in patients with overactive bladder. Furthermore, Lee et al. 
[14] reported that both frequency and nocturia scores were 

not significantly decreased in solifenacin group as com-
pared to control one (no treatment arm). This may be partly 
associated with routine instructions for patients undergoing 
URSL and DJ indwelling to increase the water intake with 
subsequent polyuria [14].

In the present study, Group B participants (trospium 
chloride) were less likely to experience flank and abdomi-
nal pains than those who received placebo (p < 0.001). This 
could be explained by high affinity of trospium chloride to 
subtypes of muscarinic receptors, in addition to its direct 
effect [21]. Yet, patients in the solifenacin group exhibited 
the most significant improvement in stent-related symptom 
scores across the study groups. A recent experimental study 
demonstrated that intravesical instillation of solifenacin 
exerts a higher effect on rat detrusor muscle and bladder 
urothelium than trospium chloride injection. This may be 
attributable to the poor permeability of the trospium due to 
the quaternary ammonium group in its chemical structure 
[29].

Based on our results, 8.1% of patients (n = 17) have 
reported mild side effects of the study drugs, including con-
stipation, dry mouth and headache, predominantly in group 
B. This was in line with findings from previous studies that 
demonstrated adverse events in five patients (7.1%), and 
none of them needed active treatment or dropped out of 
the study due to adverse effects similar to the present study 
[14].

The significant findings of this prospective, double-
blind, randomized study add to the existing literature on 
the management of DJ stent-related symptoms. To our best 
knowledge, this study is the first to investigate the effec-
tiveness and safety of solifenacin and trospium chloride 
in the management of stent-related symptoms following 
URSL. Furthermore, this form of double-blind study design 
along with a placebo arm allowed assessment of each drug 
independently as well as comparison of drugs in the same 
setting with additional insurance against bias. The preop-
erative questionnaire filled out by all eligible patients was 
utilized to ensure that all groups are comparable in baseline 
symptoms and to assess the study outcome related to stent 
and medications. Finally, the homogenous distribution of 
gender, age, stone and stent criteria among the study groups 
added to the reliability of the present study. Nonetheless, 
important study limitations should be addressed. One limi-
tation of our analysis was inclusion of three patients with 
bilateral DJ, although reflecting no risk in the study out-
comes. The selection of uncomplicated URSL procedures 
limits, to some extent, the effect of ureteroscopy on post-
operative urinary symptoms and abolishes the heterogenic-
ity of procedures in other studies. Similarly, the exclusion 
of patients with residual fragments or patients with mal-
position of stents abolishes their exaggerating effects on 
urinary symptoms. Additionally, the stone-free status was 

Table 4  Distribution of adverse effects of solifenacin and trospium 
chloride versus placebo group

Data are presented as number of patients (%)

Group A
Solifenacin
(n = 70)

Group B
Trospium chlo-
ride
(n = 70)

Group C
Placebo
(n = 70)

p

Constipation 3 (4.28%) 4 (5.7%) 2 (2.85%) 0.706

Dry mouth 1 (1.42%) 3 (4.28%) 0 0.168

Headache 1 (1.42%) 2 (2.85%) 1 (1.42%) 0.775

Urinary retention 0 0 0 –
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determined not by non-contrast CT but only by KUB which 
is less sensitive. The doses used in the present study were 
high. Lower doses can be tried in future studies. As previ-
ously reported, the combination of both drugs may create 
a synergistic effect which allows more dose reduction with 
subsequently, a lower adverse side effects and a lower treat-
ment cost [20].

Conclusions

For patients with DJ insertion following URSL, solifenacin 
was more effective than trospium chloride in the treatment 
of stent-related symptoms, hematuria and pain. The adverse 
side effects were mild but clinically higher in trospium 
chloride group.
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