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Background: In recent years, phosphodiesterase type 5 (PDE5) inhibitors have been proposed for relieving 
the ureteral stent-related symptoms. We conducted a meta-analysis to assess the efficacy and safety of PDE5 
inhibitors in the treatment of ureteral stent-related symptoms.
Methods: Randomized controlled trials (RCTs) that reported on the effectiveness of PDE5 inhibitors on 
ureteral stent-related symptoms were identified and collected from Medline, Embase, and Cochrane Library 
databases.
Results: Four RCTs involving 352 patients were included. Following treatment with PDE5 inhibitors for  
1 week, significant improvement of urinary symptoms (P<0.00001) and sexual health (P=0.04) was observed 
in the PDE5 inhibitors group. After 3 weeks, we found that PDE5 inhibitors were effective in relieving 
urinary symptoms [mean difference (MD): –11.94, 95% confidence interval (CI): –22.58 to –1.3, P=0.03], 
body pain (MD: –5.38, 95% CI: –9.35 to –1.41, P=0.008), and improving sexual health (MD: –4.13, 95% CI: 
–5.07 to –3.19, P<0.00001), general health (MD: –3.92, 95% CI: –5.76 to –2.08, P<0.0001), and additional 
health (MD: –2.21, 95% CI: –4.03 to –0.40, P=0.02). With regards to work performance (MD: –2.25, 95% 
CI: –5.13 to –0.62, P=0.12), no significant differences were observed between the PDE5 inhibitors group and 
the placebo group. In terms of safety, there were no significant differences between these two groups in the 
incidence of gastrointestinal [odds ratio (OR): 1.25, 95% CI: 0.51 to 3.04, P=0.63], or respiratory (OR: 1.48, 
95% CI: 0.50 to 4.44, P=0.48) complications.
Conclusions: PDE5 inhibitors were effective in relieving symptoms of patients undergoing ureteral stent 
placement, and do not increase the risk of complications.
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Introduction

First described by Zimskind et al. (1), ureteral stents have 
become increasingly crucial in urological surgery. A ureteral 
stent is a device that is inserted into the ureter to prevent 
obstruction of the urinary tract and allow urine to drain 
from the kidney to the bladder (2,3). Despite its significant 
role, associated complications and patient morbidities 
have been considered primary health concerns (4). More 
than 80% of patients experience stent-related symptoms, 
including sexual dysfunction, hematuria, and reduced work 
capacity (5-7). Some studies are indicating that the causes 
of these symptoms may be associated with stent materials, 
length, and position (8-11). To assess the impact and 
extent of stent-related symptoms on quality of life, Joshi 
et al. proposed a Ureteral Stent Symptom Questionnaire  
(USSQ) (7,12).

Numerous medications have been used to relieve 
ureteral stent-related symptoms, including alpha-blockers, 
anticholinergics, and analgesics (6,13-16). More recently, 
phosphodiesterase type 5 (PDE5) inhibitors (such as 
Tadalafil, Sildenafil, and Vardenafil) have been increasingly 
utilized in clinical practice. PDE5 inhibitors are used 
extensively in the treatment of benign prostatic hyperplasia 
and erectile dysfunction (17-20), and work by increasing 
levels of cyclic adenosine monophosphate (cAMP) and 
cyclic guanosine monophosphate (cGMP) in the body, thus 
relaxing the ureteral smooth muscle and reducing ureteral 
spasm.

Our study was designed to measure the effectiveness of 
PDE5 inhibitors on ureteral stent-related symptoms to aid 
in the process of improving post-implantation outcomes 
for patients. We present the following article in accordance 
with Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) checklist (available at http://
dx.doi.org/10.21037/apm-20-1100) (21).

Methods

Search strategy

Randomized controlled trials (RCTs) that analyzed the 
effectiveness of PDE5 inhibitors on stent-related symptoms 
were retrieved from Medline, Embase, and Cochrane 
Library databases. The following search terms were used: 
PDE5 inhibitors, ureteral stent, urinary symptoms, and 
RCT. All articles and relevant references of included studies 
were retrieved and screened by two authors. Our search 
conditions were limited to published articles, and there 

were no restrictions on language or region. Disputes during 
the review process were referred to as the third author for 
approval.

Inclusion criteria

RCTs included in our meta-analysis met the following 
criteria: (I) the study analyzed treatment with PDE5 
inhibitors; (II) full text of the study could be provided; (III) 
precise data could be extracted from the study, including the 
sample size of participants and the values of each indicator 
(such as the USSQ); and (IV) the study selected the USSQ 
as the primary outcome assessment indicator. The PRISMA 
flow diagram of study selection is shown in Figure 1.

Quality assessment

The quality of RCTs included in our meta-analysis was 
evaluated according to the Jadad Scale (22). Based on the 
guidelines published in the Cochrane Handbook for Systematic 
Reviews of Interventions V.5.1.0 (23), individual studies were 
classified qualitatively and graded into the following quality 
levels: A, studies meeting most of the quality criteria had a 
low risk of bias; B, studies meeting some of the criteria had 
a moderate risk of bias; C, studies meeting few criteria had a 
high risk of bias. All reviewers contributed to the assessment 
and review of the included studies, settling differences 
through discussion and reaching a consensus on the final 
result.

Data extraction

Data collected from the RCTs included: (I) the name of 
the first author; (II) the time of publication and the type of 
design; (III) the sample size of each group; (IV) the results 
of the studies, including the scores of USSQ (urinary 
symptoms score, body pain score, sexual health score, 
general health score, work performance score, additional 
health score); (V) the methods of intervention; and (VI) the 
stent type.

Statistical and meta-analyses

RevMan version 5.3.0 (Cochrane Collaboration, Oxford, 
UK) (23) was employed to assess the data. Changes in the 
mean score of urinary symptoms, body pain, sexual health, 
general health, work performance, and additional health 
were used to evaluate the efficacy of PDE5 inhibitors in 
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relieving symptoms of patients undergoing stent placement. 
The mean difference (MD) was used to assess continuous 
data, and the odds ratio (OR) was used to evaluate 
dichotomous data to compare the outcomes between 
the PDE5 inhibitor group and the placebo group (23). 
A fixed- or random-effects model was used based on the 
heterogeneity of the studies. Studies with a P value >0.05 
were considered homogenous, and studies with a P value 
<0.05 were considered heterogeneous. A fixed-effects model 
was employed for homogenous studies, while a random-
effects model was used for heterogeneous studies. The I2 

statistic was used to test for consistency. A P value <0.05 was 
considered statistically significant.

Results

Characteristics of individual articles

Based on the inclusion criteria above, 84 RCTs were found 
in the databases searched. After reviewing the abstracts, 68 

articles were removed. Of the remaining 16 articles, 10 were 
removed due to a lack of useful data, and another 2 were 
excluded due to duplication. Ultimately, four RCTs (24-27) 
were included in our meta-analysis. The characteristics of 
the included studies and patients involved are presented in 
Table 1.

Quality of individual studies

The included studies were double-blinded RCTs and were 
graded quality level A (based on the quality criteria above). 
Only one study (27) showed an intention-to-treat (ITT) 
analysis. The quality of the individual studies is shown in 
Table 2.

Efficacy

We analyzed the differences in the mean score of each 
domain of the USSQ in order to identify the efficacy 

84 articles were identified including:

MEDLINE: 63 articles

EMBASE: 17 articles

Cochrane Controlled Trials Register: 4 articles

68 articles were excluded on basis of title 

and abstract

16 articles were included

6 articles were included

4 RCTs included in final analysis which 

compared the PDE5 inhibitors therapy with  

placebo in ureteral stent symptoms

10 articles were lack of useful data

2 RCTs were excluded because of the 

identical studies

Figure 1 Flowchart of the study selection process. RCT, randomized controlled trial; PDE5, phosphodiesterase type 5.



1003Annals of Palliative Medicine, Vol 10, No 2 February 2021

© Annals of Palliative Medicine. All rights reserved.   Ann Palliat Med 2021;10(2):1000-1011 | http://dx.doi.org/10.21037/apm-20-1100

Table 1 Study and patient characteristics

Study Country Design
Simple size

Intervention Method
Time of 
therapy 
(weeks)

Stent type Inclusion population
Trial Control

Bhattar  
et al. [2018]

India RCT 42 42 Tadalafil versus 
placebo

Oral 3 6 French (F) 
polyurethane DJ stent

84 patients undergoing 
routine DJ stenting after an 
endourological surgery from 
Januray 2016 to June 2017

Aggarwal  
et al. [2015]

India RCT 52 50 Sildenafil 
versus placebo

Oral 3 6.5/8.5 F 
ureteroscope and 26 
F nephroscope stent

102 patients (aged 18 to  
50 years) undergoing 
unilateral PCNL or URSL 
(bilateral normally excreting 
kidneys) with DJ stenting 
were evaluated for enrollment 
in the study

Tharwat  
et al. [2018]

Egypt RCT 48 46 Tadalafil versus 
placebo

Oral 2–4 6 F polyurethane 
ureteric double pig-
tail stent

94 adult men who underwent 
unilateral ureteric stent after 
ureteroscopy from March 
2014 and November 2016

Farshi Haghro 
et al. [2019]

Iran RCT 37 35 Tadalafil versus 
placebo

Oral 4 4.8 F, 28 cm double-J 
ureteral stents

A total of 80 male patients 
aged 15–70 years with an 
indication for unilateral 
ureteral stent in sertion were 
enrolled in the study

RCT, randomized controlled trial; PCNL, percutaneous nephrolithotomy; URSL, ureteroscopic lithotripsy.

Table 2 Quality assessment of individual study

Study
Allocation sequence 

generation
Allocation 

concealment
Blinding

Loss to 
follow-up

Calculation of 
sample size

Statistical 
analysis

Level of 
quality

ITT 
analysis

Bhattar et al. [2018] A A A 6 Yes ANCOVA A No

Aggarwal et al. [2015] A A A 2 Yes ANCOVA A No

Tharwat et al. [2018] A A A 7 Yes ANCOVA A No

Farshi Haghro et al. [2019] A A A 4 Yes ANCOVA A Yes

A, all quality criteria met (adequate): low risk of bias; B, most quality criteria met (adequate): moderate risk of bias. ITT, intention-to-treat; 
ANCOVA, analysis of covariance.

of treatment with PDE5 inhibitors. Also, we analyzed 
the differences in the USSQ at both the 1- and 3-week 
treatment stage.

Results after 1 week of treatment with PDE5 inhibitors

Urinary symptoms score
Two of the four RCTs included in our meta-analysis 
reported changes in urinary symptoms scores from 186 
patients (94 treated with PDE5 inhibitors and 92 given a 
placebo) (Figure 2A). The MD was used to compare effect 

measures between the PDE5 inhibitors groups and the 
placebo groups. Since P>0.05, a fixed-effects model was 
used to analyze the results of these two RCTs and revealed 
that MD was –2.81, 95% confidence interval (CI) was 
–3.72 to –1.90, I2 was 13%, and Chi-square (Chi2) was 1.15 
(P<0.00001). Based on these results, we concluded that 
PDE5 inhibitors improved urinary symptoms scores at the 
1-week treatment stage.

Body pain score
Two RCTs reported body pain scores of 186 patients after  
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1 week of ureteral stenting (Figure 2B). Since P>0.05, 
we used a fixed-effects model and concluded that PDE5 
inhibitors produce little relief in body pain at 1-week (MD: 
0.43, 95% CI: –0.40 to 1.26, I2=70%, Chi2 =1.15, P=0.31).

Sexual health score
Two RCTs reported changes in sexual health scores from 
186 patients (Figure 2C). Since P>0.05, a fixed-effects model 
was used to evaluate the results, which showed that MD was 
–0.57, 95% CI was –1.13 to –0.01, I2 was 54%, and Chi2 
was 2.17 (P=0.04). Thus, patients experienced improved 
sexual health following treatment with PDE5 inhibitors for 
1 week.

General health score
Since P<0.05, a random-effects model was used to analyze 
the general health scores for two RCTs. Results showed a 
MD of –0.82 (95% CI: –4.35 to 2.71, I2=91%, Chi2 =10.58, 
P=0.65) (Figure 2D). We suggest that the effect of PDE5 
inhibitors on general health was similar to that of placebo 
after 1 week of treatment.

Work performance score
Since P<0.05, we utilized a random-effects model to study 
the effect of PDE5 inhibitors on work performance from 
two RCTs (Figure 2E). The pooled estimate of MD was 
–0.16, 95% CI was –1.75 to 1.42, I2 was 76%, and Chi2 was 
4.18 (P=0.84). The results revealed that therapy with PDE5 
inhibitors exhibited similar effects on work performance as 
a placebo after 1 week of treatment.

Additional health score
Two RCTs involving 186 patients reported the efficacy 
indices of PDE5 inhibitors on the additional health 
score (Figure 2F). Since P<0.05, we utilized a random-
effects model to analyze the data. We did not find any 
statistically significant relationship between the two groups 
on additional health after 1 week of treatment with PDE5 
inhibitors (MD: –2.25, 95% CI: –4.91 to 0.42, I2=94%, Chi2 
=18.06, P=0.10).

Results after 3 weeks of treatment with PDE5 inhibitors

Urinary symptoms score
Four RCTs involving 352 patients (179 treated with PDE5 
inhibitors and 173 given a placebo) recorded the changes 
in urinary symptoms scores after 3 weeks of treatment  
(Figure 3A). Since P<0.05, we employed a random-effects 

model, which reflected a MD of –11.94 (95% CI: –22.58 to 
–1.3, I2=99%, Chi2 =466.83, P=0.03). The results suggest 
that PDE5 inhibitors showed a greater reduction in the 
urinary symptoms scores compared with a placebo.

Body pain score
Four RCTs involving 352 patients reported changes in body 
pain scores (Figure 3B). Since P<0.05, a random-effects 
model was used. Results showed a reduction in body pain in 
the PDE5 inhibitors group compared to the placebo group 
after 3 weeks of treatment (MD: –5.38, 95% CI: –9.35 to 
–1.41, I2=95%, Chi2=65.81, P=0.008).

Sexual health score
Four RCTs involving 352 patients reported the differences 
in sexual health scores (Figure 3C). Heterogeneity was 
found in the trials (P=0.004, I2=78%), and since P<0.05, 
we used a random-effects model to analyze the data. Based 
on the results, therapy with PDE5 inhibitors was shown to 
improve the sexual health of patients with ureteral stents. 
The results of integrative data analysis indicated that MD 
was –4.13, 95% CI was –5.07 to –3.19, and Chi2 was 13.35 
(P<0.00001).

General health score
Four RCTs involving 352 patients were used to analyze 
general health scores (Figure 3D). Since P<0.05, a random-
effects model was employed, and showed a MD of –3.92 
(95% CI: –5.76 to –2.08, I2=88%, Chi2 =24.61, P<0.0001). 
From these results, we concluded that PDE5 inhibitors had 
a significant benefit on general health scores after 3 weeks 
of treatment.

Work performance score
Four RCTs analyzed the changes in work performance 
scores of 352 patients (Figure 3E). Since P<0.05, we 
performed a random-effects model analysis that showed 
MD was –2.25, 95% CI was –5.13 to 0.62, I2 was 95%, and 
Chi2 was 57.80 (P=0.12). These results reflect no significant 
effect on work performance after 3 weeks of therapy with 
PDE5 inhibitors.

Additional health score
Three RCTs reported the additional health score data of 
258 patients (Figure 3F). Since P<0.05, the RCTs were 
assessed using a random-effects model. The MD was –2.21, 
95% CI was –4.03 to –0.40, I2 was 89%, and Chi2 was 18.54 
(P=0.02), indicating a significantly greater reduction in the 
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Figure 2 Forest plots showing changes between two groups after 1 week’s treatment in: (A) urinary symptoms score; (B) body pain score; (C) 
sexual health score; (D) general health score; (E) work performance score; (F) additional health score. PDE5-Is, phosphodiesterase type 5 
inhibitors; CI, confidence interval.
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Figure 3 Forest plots showing changes between two groups after 3 weeks’ treatment in: (A) urinary symptoms score; (B) body pain score; (C) 
sexual health score; (D) general health score; (E) work performance score; (F) additional health score. PDE5-Is, phosphodiesterase type 5 
inhibitors.
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additional health scores after 3 weeks of treatment with 
PDE5 inhibitors.

Safety

Gastrointestinal complications
Two RCTs, including 166 patients (85 treated with PDE5 
inhibitors and 81 given a placebo), documented the risk of 
gastrointestinal complications (Figure 4A). Since P>0.05, 
we utilized a fixed-effects model. The OR was 1.25, 95% 
CI was 0.51 to 3.04, I2 was 0%, and Chi2 was 0.30 (P=0.63), 
indicating no significant differences in the incidence of 
gastrointestinal complications between the two groups after 
3 weeks.

Respiratory complications
Two RCTs analyzed the incidence of  respiratory 
complications of 166 patients after 3 weeks of treatment 
with PDE5 inhibitors (Figure 4B). Since P>0.05, we used 
a fixed-effects model. The OR was 1.48, 95% CI was 0.50 
to 4.44, I2 was 0%, and Chi2 was 0.20 (P=0.48), indicating 
that there was no significant difference in the incidence of 
respiratory complications between the PDE5 inhibitors 
group and the placebo group after 3 weeks.

Discussion

Since their first clinical application, ureteral stents have 
become the most common method for treatment or 
prevention of ureteral obstruction (1,28,29). The placement 
of a ureteral stent after kidney-stone surgery is especially 
effective in preventing ureteral obstruction and reducing 
the incidence of infection. Furthermore, the effect of 
ureteral stents in the treatment of ureteral injury is also 
significant and can help to avoid hydronephrosis. Despite 
its apparent advantages, urinary symptoms caused by 
indwelling ureteral stents should not be ignored since 
they can have a particularly negative impact on a patients’ 
quality of life (7,30,31). At present, the pathophysiology of 
these symptoms is unclear. Previous studies have suggested 
that stent position may be relevant to the occurrence of 
these symptoms (8). Lennon et al. concluded that physical 
stimulation by the stent is potentially responsible for related 
symptoms (32). Another theory suggests that smooth muscle 
spasm and stimulation of the stent are the underlying causes 
of flank pain (33).

A better understanding of the pathophysiology of stent-
related symptoms has lead to continued optimization of 
treatment options. Improving the design and materials of 
ureteral stents is critical in alleviating related symptoms (2). 

A

B

Figure 4 Forest plots showing changes between two groups after 3 weeks’ treatment in: (A) gastrointestinal complications; (B) respiratory 
complications. PDE5-Is, phosphodiesterase type 5 inhibitors.
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Several medications are utilized in clinical practice, most 
commonly alpha-blockers and anticholinergics (6,13). PDE5 
inhibitors (such as Tadalafil, Sildenafil, and Vardenafil) are 
first-line drugs for the treatment of related symptoms of 
benign prostatic hyperplasia. Aggarwal et al. concluded that 
Tadalafil is as effective as Tamsulosin in treating ureteral 
stent-related symptoms; however, it was more effective in 
improving sexual dysfunction and body pain (25). PDE5 
inhibitors act by preventing the degradation of cAMP and 
cGMP, resulting in increased levels of these chemicals in 
the body, thus relaxing the ureteric smooth muscle and 
reducing the ureteral spasm. So, blocking PDE5 receptors 
may relieve stent-related symptoms. Also, Angulo et al. 
showed that PDE5 inhibitors enhanced the effect of alpha-1 
blockers, further reducing smooth muscle contraction in the 
bladder and prostate (34). PDE5 inhibitors have also been 
shown to relieve urinary symptoms.

In order to better evaluate the symptoms of patients after 
ureteral stenting, Joshi et al. introduced the USSQ (12), 
which evaluates symptoms from the following domains: 
urinary symptoms, body pain, sexual health, general 
health, work performance, and additional health. The 
USSQ contains many questions regarding each of these 
aspects, with higher scores indicating worse stent-related  
symptoms (12).

Our meta-analysis included four RCTs involving 352 
participants who underwent ureteral stent placement. 
Significant improvements in urinary symptoms and sexual 
health were observed after 1 week of treatment with PDE5 
inhibitors. Data analysis after 3 weeks of treatment with 
PDE5 inhibitors indicated that the improvement in the 
mean score was statistically significant. The pooled results 
showed a significant benefit of PDE5 inhibitors in relieving 
urinary symptoms, body pain, sexual health, general health, 
and additional health. Regarding work performance, therapy 
with PDE5 inhibitors was similar to that of the placebo 
group. The lack of improvement in work performance 
with PDE5 inhibitors may be related to their side effects. 
This idea is corroborated by the findings of Farshi Haghro  
et al., which showed that PDE5 inhibitors might cause side 
effects such as priapism, headache, and hypotension, all of 
which can lead to poor work performance (27). Since the 
mean USSQ score can effectively evaluate ureteral stent-
related symptoms and quality of life after stent placement 
(12,35,36), we can surmise that PDE5 inhibitors are 
effective in relieving symptoms of patients undergoing stent 
placement. As for safety, the incidence of gastrointestinal 
and respiratory complications was similar between the 

PDE5 inhibitor and placebo groups.
Similarly, Farshi Haghro et al. found that the incidence 

of cardiovascular, neurological, and genitourinary 
complications with PDE5 inhibitor-therapy was comparable 
to placebos (27). Thus, we conclude that PDE5 inhibitors 
do not increase the risk of complications. The findings of 
this meta-analysis are significant for clinical practice and 
future scientific inquiry.

In order to verify the consistency of our results, 
participants were divided into two subgroups according 
to the duration of treatment (1- and 3-week treatment). 
By studying the differences between these subgroups, the 
bias caused by the half-life of the drugs could be avoided. 
Furthermore, while our study showed differences in the 
effect of PDE5 inhibitors at 1- and 3-week treatment 
stages, the curative effect will change with the duration 
of treatment. The pooled results indicated that urinary 
symptoms and sexual health improved after 1 week of 
treatment with PDE5 inhibitors. At the 3-week treatment 
stage, symptoms of body pain, general health, and additional 
health were alleviated. These findings provide evidence for 
the formulation of a reasonable clinical application protocol.

Compared with previous studies in this area (37), our 
meta-analysis has the following advantages. Firstly, we 
included more RCTs with larger overall sample size, and 
thus, the experimental results are more reliable. Secondly, 
our study analyzed both efficacy and safety, providing more 
comprehensive results. Thirdly, our study assessed results at 
both the 1- and 3-week treatment stages, thereby providing 
greater significance for clinical reference. Moreover, our 
data has been collected from RCTs, which are considered to 
have a low risk of bias.

Some limitations of this study should be noted. Firstly, 
Bhattar et al. took sexual activity as the inclusion index of 
patients who participated in their study, with 352 patients 
being included (24). However, other RCTs included in 
our meta-analysis did not specify the sexual activity of the 
included patients, and therefore, limitations may exist in our 
conclusions regarding the improvement in sexual function 
with PDE5 inhibitor therapy. Also, while additional health 
was chosen as an indicator for assessing stent-related 
symptoms in our study, none of the included RCTs reported 
the single score for the additional health domain. To address 
this, we will continue to focus on future research on the 
most recent RCTs.

Moreover, potential limitations may exist due to the 
multiple causes of stent-related urinary symptoms. Nestler 
et al. showed that stents with larger diameters exacerbated 
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related symptoms (38). Three of the four RCTs included in 
our meta-analysis reported that patients involved in their 
studies had a 6 French (F) polyurethane double pigtail 
stent (24-26), while the remaining RCT described that 
patients included in their study used 4.8 F double-J ureteral  
stents (27). This discrepancy may lead to a potential bias 
in the results. Also, the stone level may cause urinary 
symptoms; the RCTs included in our meta-analysis do not 
mention differences in urinary symptoms caused by stone 
location. We will pay particular attention to this in future 
research.

Furthermore, due to the limitations of the included 
RCTs, different PDE5 inhibitors (Tadalafil and Sildenafil) 
could not be grouped in our study, which may also lead to 
a bias in the results. In the future, we will continue to focus 
on high-quality related studies (especially RCTs), which will 
allow for more robust conclusions to be drawn. Finally, the 
limitations of the meta-analysis of randomized trials cannot 
be ignored. It is important to note that this meta-analysis 
should not be regarded as evidence for evaluating the long-
term effect of PDE5 inhibitors. More RCTs are required to 
explore further the efficacy and safety of PDE5 inhibitors 
on ureteral stent-related symptoms.

Conclusions

In conclusion, PDE5 inhibitors can relieve the ureteral 
stent-related symptoms, and do not increase the risk of 
complications.
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