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Abstract

Background and aim

Ureteroscopic lithotripsy (URL) and extracorporeal shock wave lithotripsy (ESWL) are two

widely used methods for the treatment of ureteral stones. The need for ureteral stenting dur-

ing these procedures is controversial. In this meta-analysis, we evaluated the benefits and

disadvantages of ureteral stents for the treatment of ureteral stones.

Methods

Databases including PubMed, Embase and Cochrane library were selected for systematic

review of randomized controlled trials (RCTs) comparing outcomes with or without stenting

during URL and ESWL. Meta-analysis was performed using RevMan 5.3 and STATA 13.0

software.

Results

We identified 22 RCTs comparing stenting and non-stenting. The stented group was associ-

ated with longer operation time (WMD: 4.93; 95% CI: 2.07 to 7.84; p < 0.001), lower stone-

free rate (OR: 0.55; 95% CI: 0.34 to 0.89; p = 0.01). In terms of complications, the incidence

of hematuria (OR: 3.68; 95% CI: 1.86 to 7.29; p < 0.001), irritative urinary symptoms (OR:

4.40; 95% CI: 2.19 to 9.10; p < 0.001), urinary infection (OR: 2.23; 95% CI: 1.57 to 3.19;

p < 0.001), and dysuria (OR: 3.90; 95% CI: 2.51 to 6.07; p < 0.001) were significantly higher

in the stented group. No significant differences in visual analogue score (VAS), stricture for-

mation, fever, or hospital stay were found between stenting and non-stenting groups. The

risk of unplanned readmissions (OR: 0.63; 95% CI: 0.41 to 0.97; p = 0.04) was higher in the

non-stented group.

Conclusions

Our analysis showed that stenting failed to improve the stone-free rate, and instead, it

resulted in additional complications. However, ureteral stents are valuable in preventing

unplanned re-hospitalization. Additional randomized controlled trials are still required to cor-

roborate our findings.
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Introduction

Urolithiasis is the most common urological disease with a prevalence rate of 10–15% and a

recurrence rate of 50% [1]. In some countries with a high standard of life, this rate is signifi-

cantly high and has increased more than 37% over the last 20 years [2]. Ureteral stones usually

result in ureteric obstruction, renal colic, infection and hydronephrosis. Ureteroscopic litho-

tripsy (URL), extracorporeal shock wave lithotripsy (ESWL), medical therapy, percutaneous

nephrolithotomy and laparoscopic surgery are all the indicated for the treatment of ureteral

stones. URL and ESWL are the most widely used techniques to clear stones with high degree

of success [3]. The routine insertion of ureteral stents over a prolonged period reduces the risk

of ureteral obstruction and renal colic [4]. The stents provide the path for drainage of stone

fragments down to the bladder and improve hydronephrosis simultaneously. Moreover, long-

term stent implantation promotes healing of mucosal injury caused by surgeries and prevents

the formation of ureteral strictures [5]. However, the use of ureteral stents for the treatment of

ureteral stones is still controversial, given the stent-associated complications including irrita-

tion and discomfort in addition to inherent risks of stent migration, vesico-ureteral reflux and

stent encrustation [6].

In recent years, a number of studies discussed the need for ureteral stents in URL and

ESWL. A few urologists suggested that ureteral stents were unnecessary before or after URL

and ESWL, because of complications although stenting improved the stone-free rate [7]. And

according to the current American Urological Association (AUA) guidelines, the placement of

ureter stents is not required in the surgical treatment of ureteral stones [8]. Other studies sug-

gested that routine stenting was desirable for prophylaxis [4,6]. In the absence of a definitive

conclusion, we conducted a meta-analysis of published studies, to evaluate the need for ure-

teral stents for the treatment of ureteral stones.

Materials and Methods

Study selection

This meta-analysis was performed according to the PRISMA guidelines [9] (S1 Checklist). A

systematic search of Pubmed, Embase and Cochrane online library was conducted to identify

all the studies published through March 22, 2016 comparing stenting with non-stenting. We

used MESH search headings: “ureteral calculi”, “lithotripsy”, “ureteral stent” and “randomized

controlled trials”. The “related articles” function was used to broaden the search, and all the

abstracts, studies, and citations were reviewed. We conducted manual searches of reference

lists from the relevant original and review articles to identify additional eligible studies.

Inclusion and exclusion criteria

The inclusion criteria were as follows: (1) randomized controlled trails (RCTs), (2) comparison

of stenting and non-stenting, (3) patients with ureteral stones treated with URL or ESWL, (4)

reports of at least one outcome of interest such as operation time, VAS, stone-free rate, compli-

cations, and related data.

Studies were excluded if they involved: (1) patients with stones in kidney, bladder or ure-

thra, or other accompanying diseases, (2) no outcomes of interest (specified later) either

reported, or impossible to calculate or extrapolate based on the available data.

Data extraction and outcomes of interest

Two reviewers independently extracted the following data including: first author, year of publi-

cation, country, study interval, study design, the number of patients with and without stents,
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characteristics of the study population, and outcomes of interest. All the disagreements related to

eligibility were resolved by a third reviewer through discussion until a consensus was reached.

The following outcomes were extracted to compare stenting and non-stenting. Baseline

demographic variables included: age, proportion of males, stone size and degree of distal loca-

tion. Perioperative and postoperative variables included operating time, visual analogue scale

(VAS), length of hospital stay, stone-free rate and readmission, complications including pain,

dysuria, urinary infection, hematuria, fever, irritative symptoms and ureteral strictures.

Study quality

Two reviewers independently assessed the quality of trials and any disagreement was resolved

by consensus. The quality of included RCTs was evaluated based on Cochrane risk of bias

according to the criteria prescribed by the Cochrane Handbook for Systematic Reviews of

Intervention [10]. Selection bias (random sequence generation and allocation concealment),

performance bias (blinding of participants and personnel), detection bias (blinding of outcome

assessment), attrition bias (incomplete outcome data), reporting bias (selective reporting), and

other biases were assessed using RevMan 5.3 (Cochrane Library Software, Oxford, UK). Three

potential types of bias including low risk, high risk, and unclear risk, were determined for each

single trial during the assessment. A low-risk bias was suggested when all the seven items met

the criteria as “low risk”, and a high risk of bias was suggested when at least one of the seven

items was assessed as “high risk”.

Statistical analysis

Our meta-analysis was performed according to the recommendations of the Cochrane Collab-

oration and the Quality of Reporting of Meta-analyses (QUORUM) guidelines [11]. The

weighted mean difference (WMD) was used for continuous variables and the odds ratio (OR)

was used for dichotomous parameters both with 95% confidence intervals (CIs). Studies pre-

senting continuous data as means and ranges were subjected to an approximate transforma-

tion using the technique described by Hozo [12]. All the pooled effects were determined using

the z test and p< 0.05 was considered statistically significant. The heterogeneity of the treat-

ment effects in the included trials was evaluated using Q and I2 statistics. When the I2 value

was less than 50% and p> 0.1, the evidence showed no significant heterogeneity, and we used

fixed-effects (FE) model. Otherwise, we used random-effects (RE) model. To evaluate the

potential for heterogeneity, we conducted a subgroup analysis based on the trials published

within the last 10 years (published after 2006). The variables were pooled only if the outcomes

were reported in three or more studies in each subgroup. We also created subgroups based on

the treatment methods: USL and ESWL. Due to the limited number (three) of trials involving

ESWL, the subgroup analysis for ESWL may be of limited significance. Sensitivity analyses

were performed by omitting a specific study each time. All the statistical analyses were per-

formed using RevMan 5.3 (Cochrane Library Software, Oxford, UK). We used Egger’s and

Begg’s tests to assess publication bias. All the reported P values were two-sided and p values

less than 0.05 were regarded as significant for all included trials. This analysis was conducted

using STATA (Version 13.0; Stata Corp, Texas, United States of America).

Results

Characteristics of selected studies

We retrieved 221 records through database search, and 22 trials [7,13–33] were selected for

meta-analysis (Fig 1), including 1257 patients with ureteral stents and 1295 patients without
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ureteral stents, respectively. According to the criteria discussed previously, all the included tri-

als were deemed to show a high risk of bias (Figs 2 and 3). The characteristics of these studies

are shown in Table 1. The most common diameter of ureteral stents used in the trials was 6F

ranging from 4.5 to 7F, although only two trials mentioned the manufacturing company. The

duration of stents varied from 3 days to 6 weeks in different patients. There was no significant

difference with respect to age, proportion of males, stone size or extent of lower ureteral stones

in the stented and unstented groups (Table 2).

Outcomes of perioperative variables

The stented group was associated with longer operation time/min (WMD: 4.93; 95% CI: 2.07

to 7.84; p< 0.001) (Fig 4), and lower stone-free rate (OR: 0.55; 95% CI: 0.34 to 0.89; p = 0.01)

(Fig 5). There was no difference in terms of hospital stay/hours (WMD: 1.13; 95% CI:-1.37 to

3.64; p = 0.38) and VAS (WMD: 0.25; 95% CI:-0.27 to 0.77; p = 0.34) (Fig 6) between stented

Fig 1. Flowchart outlining the selection of studies for meta-analysis.

doi:10.1371/journal.pone.0167670.g001

Fig 2. Graph indicating risk of bias in each included trial.

doi:10.1371/journal.pone.0167670.g002
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Fig 3. Summary of the risk of bias assessment in each included trial.

doi:10.1371/journal.pone.0167670.g003
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and unstented groups. The unplanned readmission rate after discharge was significantly higher

in the unstented group (OR: 0.54; 95% CI: 0.34 to 0.87; p = 0.01) (Fig 7).

Table 1. Characteristics of included studies.

First author/

year

Country Study

interval

Study

type

Surgical

approach

No. of patients,

Stented/Unstented

Follow-up,

months

Company/Diameter

of stents

Duration of

stent, days

Borboroglu 2001 USA 1998–2001 RCT URL 53/54 1 NR/6F 3–10

Denstedt 2001 Canada NR RCT URL 29/29 3 NR/NR 7

Netto 2001 Brazil 1997–2000 RCT URL 133/162 3 NR/NR 1–3

Chen 2002 Taiwan 2000–2000 RCT URL 30/30 1 NR/7F 3

Cheung 2003 HongKong 2001–2002 RCT URL 29/29 3 NR/6F 14

Srivastava 2003 India 2000–2002 RCT URL 26/22 3 NR/6F 21

Damiano 2004 Italy 2000–2002 RCT URL 52/52 3 NR/4.5 or 6F 14

Jeong 2004 Korea 2000–2001 RCT URL 23/22 NR NR/7F 7

Hussein 2006 Egypt 2003–2004 RCT URL 28/28 6 NR/6F 21

El-Assmy 2006 Egypt 2001–2004 RCT ESWL 93/93 3 NR/6F 14–42

Al-Ba’adani

2006

Yemen 2004–2005 RCT URL 40/45 1 NR/6F 2–28

Isen 2008 Turkey 2004–2007 RCT URL 21/22 NR NR/4.8F 21

Ibrahim 2008 Egypt 2004–2006 RCT URL 110/110 24 NR/6F 14

Shao 2008 China 2005–2006 RCT URL 58/57 3 Cook IrelandLtd/4.7F 14

Wang 2009 Taiwan 2004–2007 RCT URL 71/67 3 NR/7F 7

Xu 2009 China 2005–2006 RCT URL 55/55 3 NR/4.8F 21

Ghoneim 2010 Egypt 2007–2008 RCT ESWL 30/30 3 Rusch International/

6F

>7

Cevik 2010 Turkey 2005–2007 RCT URL 30/30 3 NR/4.8F 21

Başeskioğlu

2011

Turkey 2005–2010 RCT URL 144/142 6 NR/NR NR

Zaki 2011 Pakistan 2008–2010 RCT URL 99/99 3 NR/6F 5

Sfoungaristos

2012

Greece 2009–2011 RCT ESWL 70/86 NR NR/6F NR

Chauhan 2015 India 2011–2014 RCT URL 33/31 NR NR/5F 14

doi:10.1371/journal.pone.0167670.t001

Table 2. Clinical demographics: stenting vs. non-stenting.

Outcome of

interest

No. of studies No. of patients

Stented/

Unstented

OR/ WMD

(95% CI)†
p-value Study heterogeneity

Chi2 df I2 p-value

Age (year) 19 1021/1016 0.55 [-0.81,

1,92]†
0.43 27.79 18 35% 0.07

Proportion of

males

20 1154/1178 0.97 [0.82,

1.16]

0.77 17.15 19 0% 0.58

Mean stone

size (mm)

20 1154/1178 0.17 [-0.16,

0.50]†
0.32 76.45 19 75% <0.001

Proportion of

lower ureteral

stones

12 760/786 0.86 [0.68,

1.08]

0.19 13.9 11 21% 0.24

CI = confidence interval; OR = odds ratio; WMD = weighted mean difference
†Values of WMD

Statistically significant results are shown in bold.

doi:10.1371/journal.pone.0167670.t002
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Outcomes of complications

We pooled data related to complications in the included studies. The most common complica-

tions were pain, dysuria, urinary infection, irritative symptom bladder symptoms, hematuria

and fever. Long-term complications often manifested as ureteral strictures. The results showed

a higher incidence of lower urinary tract symptom (LUTS) in the stented group including dys-

uria (OR: 3.90; 95% CI: 2.51 to 6.07; p< 0.001) (Fig 8) and irritation (OR: 4.40; 95% CI: 2.19 to

9.10; p< 0.001) (Fig 9). The incidence of urinary infection (OR: 2.01; 95% CI: 1.16 to 3.47;

p = 0.01) (Fig 10) and hematuria (OR: 3.68; 95% CI: 1.86 to 7.29; p< 0.001) (Fig 11) was also

higher in the stented group. Flank pain or voiding pain occurred more frequently in patients

with stents (OR: 2.45; 95% CI: 1.45 to 4.15; p< 0.001) (Fig 12). No significant differences were

found in fever rate (OR: 0.78; 95% CI: 0.52 to 1.18; p = 0.25) and ureteral stricture rate (OR:

0.52; 95% CI: 0.20 to 1.13; p = 0.17) between the two groups.

Subgroup analysis

The results of subgroup analysis are displayed in Tables 3 and 4. According to the subgroup

analysis based on publication years, only the results of readmission and infection rate varied

Fig 4. Forest plot and meta-analysis of operation time (min).

doi:10.1371/journal.pone.0167670.g004

Fig 5. Forest plot and meta-analysis of stone-free rate.

doi:10.1371/journal.pone.0167670.g005
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from the original meta-analysis, without any significant differences between stenting and non-

stenting groups. The stone free rate and infection rate were significantly different, after sepa-

rating ESWL and URL-treated groups. Variables including operation time, hospital stay, VAS

and other complications were not different from the original results, indicating that our results

were not significantly influenced by lithotripsy and the treatment duration in the included

studies.

Sensitivity analysis and publication bias

Sensitivity analysis was performed by deleting one study each time and presented the results

by Galbraith’s plots and L’Abbe plots (S1–S21 Figs). When the studies of Damiano [18]

(OR:0.82, 95% CI: 0.51 to 1.30, p = 0.40) and Borboroglu [7] (OR:0.68, 95% CI: 0.43 to 1.06,

p = 0.09) were omitted, the readmission rate was not significantly different between the two

groups. Omission of the study of Sfoungaristos [31] yielded no significant difference in stone-

free rate between the two groups (OR: 0.65, 95% CI: 0.35–1.21, p = 0.18). No other parameter

in the pooled comparison between the two groups was significantly influenced by deleting any

single study, indicating that the results of our meta-analysis were stable. Egger’s and Begg’s

tests were used to assess the publication bias of included studies. Significant publication bias

Fig 6. Forest plot and meta-analysis of visual analogue score (VAS).

doi:10.1371/journal.pone.0167670.g006

Fig 7. Forest plot and meta-analysis readmission rate.

doi:10.1371/journal.pone.0167670.g007
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only existed in the comparison between irritative symptoms and pain (Table 5 and S22–S33

Figs).

Discussion

Advances in lithotripsy suggest that ESWL and URL are the first-line treatment for ureteral

stones [3]. Routine ureteral stenting was the standard practice before and after ESWL and

URL were developed, decades ago [34,35]. According to the current guidelines, a double J

stent reduces the risk of renal colic and obstruction, but does not reduce steinstrasse formation

or infective complications. Stents are recommended for patients who are at increased risk of

complications such as ureteral trauma, residual fragments, bleeding, perforation, urinary tract

infection, or pregnancy, and in all doubtful cases, to avoid stressful emergencies [3]. The previ-

ous meta-analyses in 2011 suggested that ureteral stents were not necessary after uncompli-

cated URL, because of LUTS and pain without improvement in stone-free rate or unplanned

medical visits [36,37]. However, because of the lack of an established standard, the choice of

stents for the treatment of ureteral stones is often a matter of surgical preference and experi-

ence. A survey carried out last year showed that 63% of the surgeons still routinely stented

Fig 8. Forest plot and meta-analysis of dysuria rate.

doi:10.1371/journal.pone.0167670.g008

Fig 9. Forest plot and meta-analysis of irritative symptom rate.

doi:10.1371/journal.pone.0167670.g009
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patients following URL [38]. Although ureteral stents are used differently in ESWL and URL,

the function and purpose are similar. Therefore, it is reasonable to combine the trials of the

two types of procedures. To our knowledge, our meta-analysis is the first of its kind that evalu-

ates the benefits and disadvantages of ureteral stenting in ESWL and URL together. The size

and duration of stents also significantly influences the clinical results, which varied in different

trials. However, there is still no widely accepted standard of the diameter and duration of ure-

teral stents. Therefore, we merely focused on the indications for ureteral stenting.

Our meta-analysis showed acceptable baseline characteristics with no significant differences

in age, gender, stone size or location between stented and unstented groups, suggesting the

absence of any effect on perioperative or postoperative parameters. Stenting is of limited bene-

fit in stone clearance and pain relief, and is associated with far greater complications including

dysuria, urgency, hematuria and urinary tract infection (UTI). Compared with previous meta-

analyses [36,37], postoperative VAS showed no significant difference between the two groups

in our study. Nevertheless, stenting appeared to be safer with a lower incidence of re-

hospitalization.

The results suggested that the stone-free rate might be influenced by the implantation of

ureteral stents. It is well known that ureteroscopic surgery using holmium laser or pneumatic

Fig 10. Forest plot and meta-analysis of urinary infection rate.

doi:10.1371/journal.pone.0167670.g010

Fig 11. Forest plot and meta-analysis of hematuria rate.

doi:10.1371/journal.pone.0167670.g011
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energy is a mature technology for the fragmentation and removal of ureteral stones, with

nearly 100% stone-free rate irrespective of stenting [13,15]. ESWL is a safe and convenient

approach without the need for anesthesia or hospitalization. However, more than one proce-

dure is often needed to achieve complete stone clearance. In our study, the difference between

the two groups in terms of stone-free rate was more obvious among patients undergoing

ESWL. For example, in the study of El-Assmy the stone-free rate was 84.9% in the stented

group compared with 91.4% in the unstented group [21]. In the study of Sfoungaristos, the

rate was 68.6% versus 83.7%, respectively [31]. Therefore, the comparative significance was

altered when the study of Sfoungaristos was deleted in the sensitive analysis. However, this

Fig 12. Forest plot and meta-analysis of pain rate.

doi:10.1371/journal.pone.0167670.g012

Table 3. Subgroup analysis of trials in the last 10 years: stenting vs. non-stenting.

Outcome of interest No. of studies No. of patients OR/WMD (95% CI)† p-value Study heterogeneity

Stented/Unstented Chi2 df I2 p-value

Operation time, min 11 689/686 4.18 [1.05, 7.31]† 0.009 99.45 10 90% <0.001

Readmission rate 6 462/460 0.74 [0.42, 1.31] 0.30 5.42 5 8% 0.37

Hospital stay, day 4 119/125 1.97 [-0.12, 4.05]† 0.06 4.41 3 32% 0.22

Stone free rate 6 318/339 0.53 [0.31, 0.89] 0.02 2.14 5 0% 0.83

Visual analogue score 6 352/345 0.40 [-0.08, 0.88]† 0.10 38.15 5 87% <0.001

Pain rate 10 692/692 2.67 [1.26, 5.65] 0.01 54.26 9 83% <0.001

Dysuria rate 7 490/488 3.60 [2.66, 4.86] <0.001 7.94 6 24% 0.24

Hematuria rate 8 494/494 3.31 [1.55, 7.05] 0.002 24.55 7 71% <0.001

Irritative symptom rate 6 414/411 4.23 [1.64, 10.91] 0.003 34.13 5 85% <0.001

Urinary infection rate 5 405/403 2.01 [0.98, 4.14] 0.06 10.66 4 62% 0.03

Fever rate 6 352/352 0.83 [0.51, 1.35] 0.45 0.77 5 0% 0.98

CI = confidence interval; OR = odds ratio; WMD = weighted mean difference
†Values of WMD.

Statistically significant results are shown in bold.

doi:10.1371/journal.pone.0167670.t003
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result is questionable. In other studies, after ESWL, the stone-free rate was not significantly dif-

ferent between stented and unstented groups [6,29,39].

The stent-related complications are the most significant drawbacks of ureteral stenting in

most patients [40]. As a foreign substance, ureteral stents trigger postoperative flank pain.

Table 4. Subgroup analysis of trials by URL and ESWL: stenting vs. non-stenting.

Outcome of interest No. of studies No. of patients OR/WMD (95% CI)† p-value Study heterogeneity

stented/unstented Chi2 df I2 p-value

URL subgroup

Operation time, min 16 958/980 4.93 [2.02, 7.84]† <0.001 139.86 15 89% <0.001

Readmission rate 9 596/595 0.54 [0.34, 0.87] 0.01 12.73 8 37% 0.12

Hospital stay, days 5 171/177 1.13 [-1.37, 3.64]† 0.38 8.98 4 55% 0.06

Stone-free rate 5 287/321 0.61 [0.22, 1.70] 0.35 2.80 4 0% 0.59

VAS 11 518/507 0.25 [-0.27, 0.77]† 0.34 102.55 10 90% <0.001

Pain rate 14 839/863 2.69 [1.43, 5.06] 0.002 62.03 13 79% <0.001

Dysuria rate 9 497/490 3.97 [2.24, 7.01] <0.001 22.85 8 65% 0.004

Hematuria rate 9 475/474 3.09 [1.45, 6.60] 0.003 29.17 8 73% <0.001

Irritative symptom rate 10 545/537 4.40 [2.12, 9.10] <0.001 48.14 9 81% <0.001

Urinary infection rate 7 422/420 1.44 [0.90, 2.30] 0.13 6.29 6 5% 0.39

Fever rate 7 403/403 0.79 [0.52, 1.21] 0.28 1.08 6 0% 0.98

ESWL subgroup

Stone-free rate 3 193/209 0.53 [0.31, 0.92] 0.02 1.73 2 0% 0.42

Pain rate 2 123/123 1.90 [1.13, 3.17] 0.01 0.49 1 0% 0.48

Dysuria rate 2 123/123 3.96 [2.30, 6.82] <0.001 0.19 1 0% 0.66

Hematuria rate 2 123/123 9.30 [3.28, 26.42] <0.001 0.01 1 0% 0.94

Urinary infection rate 2 123/123 4.16 [2.36, 7.33] <0.001 0.17 1 0% 0.68

CI = confidence interval; OR = odds ratio; WMD = weighted mean difference

†Values of WMD.

Statistically significant results are shown in bold.

doi:10.1371/journal.pone.0167670.t004

Table 5. Results of Egger’s and Begg’s tests.

Outcome of interest Number of included trials P value of Egger’s test P value of Begg’s test

Operation time 16 0.6561 0.3679

Readmission 9 0.3147 0.0953

Hospital stay 5 0.2651 0.3272

Stone-free rate 8 0.8271 0.6207

VAS 11 0.8563 0.8153

Dysuria 11 0.3362 0.4835

Urinary infection 9 0.48 0.6767

Dysuria 11 0.3362 0.4835

Hematuria 11 0.3426 0.4835

Pain 16 0.0439 0.0244

Irritative symptoms 10 0.0101 0.0254

Fever 8 0.5988 0.6207

Stricture 4 Not available Not available

Statistically significant results are shown in bold. Egger’s and Begg’s tests are not available when fewer than 5 trials were included.

doi:10.1371/journal.pone.0167670.t005
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Patients need anesthesia to relieve the discomfort, which is explained by reflux and higher

intra-pelvic pressure especially during voiding [41]. Interestingly, based on the study results,

there was no significant difference between stented and unstented groups in the mean visual

analogue scores as approximately, only a third of all the patients in the stented group com-

plained of pain, despite more painful attacks. Moreover, the pain decreased eventually in both

stented and unstented groups [18,22]. In addition to pain, indwelling stents stimulate and irri-

tate the bladder mucous membrane, resulting in a wide range of urinary symptoms including

dysuria, urgency, hematuria and UTI. Experiments showed that long-indwelling stents cause

ureteral wall edema, epithelial hyperplasia, destruction, and inflammatory cell reactions, sug-

gesting their use only over the short term [42]. Usually 4 weeks after stent implantation, late

complications appear such as hydronephrosis, stent migration, encrustation, fragmentation

and breakage [43]. In addition, with longer indwelling time, there is a higher incidence of

incrustation, infections, secondary stone formation and obstruction of the stented tract. The

ideal duration of stenting is still unknown, and 1 to 4 weeks are usually recommended after

lithotripsy [3]. In Djaladat’s study, stents with the end attached to a Foley’s catheter, and

inserted in the urethra were removed only 24 h after operation, which effectively reduced early

postoperative morbidities and also decreased pain and colic after discharge [44]. Our results

demonstrated that ureteral strictures were not directly related to non-stenting. Removal of

stents within a short term is considered safe.

In spite of all these stent-associated discomfort and risks, ureteral stents are safe after URL

or ESWL. In our study, the rate of unplanned re-hospitalization was significantly higher in the

unstented group, which was reported in 9 trials [7,16,18,23–25,28,30,33]. The result is ques-

tionable due to the varying outcome in the subgroup analysis based on the studies conducted

in the last 10 years. However, it did not imply that the risk of uncontrolled complications was

decreased. Patients needed readmission mostly because of severe flank pain, high fever or

gross hematuria after discharge. Although the rate of postoperative pain and fever did not

diminish in the stented group, the risk of severe complications was stably reduced by ureteral

stenting. In Chandhoke’s study, the use of stents also resulted in fewer hospital readmissions

and emergency room visits after the treatment for both renal and ureter stones [6]. Moreover,

insertion of double J stents for 4 weeks after URL significantly decreased the frequency of ure-

teral colic [4]. In addition, the length of hospital stay was similar in the two groups, suggesting

that stenting did not affect postoperative recovery. Overall, the re-hospitalization rate should

be weighed against the morbidity associated with stents, especially in patients with higher

risks. Most stent-related complications are easily and effectively resolved following stent

removal [43]. It is still too early to conclude that stenting was unnecessary for the treatment of

ureteral stones. The cost of saving and increased comfort should be weighed against the poten-

tial for severe post-discharge complications. Alpha-blockers effectively reduced the morbidity

of ureteral stents [45,46]. A meta-analysis showed that, tamsulosin and alfuzosin, which were

the most commonly applied drugs, had the similar function to relief the stents-related discom-

fort [47].

We should admit several limitations associated with our study. First, only those studies

published in English were pooled in our meta-analysis, and a few related studies published in

other languages were missed. Second, although the funnel plots only showed publication bias

in the comparison of hematuria and dysuria, the role of bias in our study could not be

completely excluded. Third, the length of follow-up, the power of lithotripsy and the diameters

and duration of stent implantation were not similar across the different trials. The influence of

heterogeneity could not be evaluated. Fourth, the poor qualities of original trials led to low lev-

els of heterogeneity in this study. Last, a study involving renal stones was excluded [6], and
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data could not be fully extracted due to the study design [4]. As a result, valuable data were

inevitably missed.

Conclusions

There is no consensus on the indications for ureteral stenting during the treatment of ureteral

stones. Our meta-analysis based on 22 RCTs suggested that stenting was associated with more

discomfort and LUTS including dysuria, hematuria, irritation and UTI. However, it is recom-

mended in selected patients with relatively higher risk of unremitting pain and uncontrolled

fever after discharge. Additional multi-center RCTs with large sample size and high quality are

needed, including detailed data involving patients’ clinical demographics, standard surgical

procedures and follow-up at periodic intervals after lithotripsy.
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