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ABSTRACT 
Objective: To assess the efficacy and safety of extracorporeal shock wave lithotripsy or pneumatic ureteroscopic 
lithotripsy for lower ureteral stones therapy, we sought to identify and summarize randomized controlled trials 
that were used to treat distal ureteral stone. Methods: Eligible studies were identified from electronic databases. 
Database search, quality assessment, and data extraction were performed by two reviewers independently. Our 
primary outcome was the stone-free rate. Secondary outcomes were the fragmentation rate, complications and the 
rate of re-treatment and secondary procedures. The results were assessed by Review Manager 5.0. Publication bias 
was evaluated by Stata 11.0. Results: 13 trials were included. Meta-analysis of pooled data showed that pneumatic 
ureteroscopic lithotripsy demonstrated a significant advantage over extracorporeal shock wave lithotripsy (OR = 
0.14, 95% CI [0.09, 0.23], P < 0.00001) in the stone-free rate; the extracorporeal shock wave lithotripsy had sta-
tistical disadvantages over pneumatic ureteroscopic lithotripsy in the fragmentation rate of ureteral stones (OR 
= 0.14, 95% CI [0.05, 0.39], P = 0.0002); and the rate of re-treatment and secondary procedure was lower in 
pneumatic ureteroscopic lithotripsy than in extracorporeal shock wave lithotripsy (OR = 5.37, 95% CI [2.61, 
11.07], P < 0.00001). Our pooled results showed that there was no statistical difference between extracorporeal 
shock wave lithotripsy and pneumatic ureteroscopic lithotripsy in hematuresis, ureteral stricture and urosepsis 
or fever. Finally extracorporeal shock wave lithotripsy had a higher incidence of colic pain than pneumatic ure-
teroscopic lithotripsy. Conclusion: The present meta-analysis suggested that pneumatic ureteroscopic lithotripsy 
had large advantages over extracorporeal shock wave lithotripsy in the treatment of lower ureteral stones.  
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1. Introduction 
Ureteric calculi is the third most common phenomenon 
of the urinary tract, and 70% ureteric calculi is situated 
in the lower third part of the ureter, known as distal ure-
teral stones [1]. Currently, ureterorenoscopy (URS) and 
extracorporeal shock wave lithotripsy (ESWL) are two 

treatment methods which were accepted extensively for 
distal ureteral stones [2]. Meanwhile, ESWL and URS 
have been regarded as the standard choices for ureteric 
calculi. Since the first introduction of ESWL in early 
1980s [3], ureteral stone managements have been 
changed from an open approach to a minimally invasive 
one [4]. Some reports showed that ESWL was a safe, 
noninvasive and effective method to treat a majority of *Corresponding author. 
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stones with a minimal number of complications [5,6]. By 
contrast, a series of limitations were revealed, such as 
pain and tissue trauma, stone size, location, composition, 
and shock energy, frequently influenced the success as 
the factors [7]. During the last two decades, there was a 
fast development in the endourological devices for ma-
nipulation and retrieval of ureteral stones [8]. Advance in 
intracorporeal lithotripsy has also facilitated fragmenta-
tion of these stones with pneumatic lithotripsy (URSL). 
URSL is a safe and highly effective procedure particu-
larly in the distal ureter even for larger stones [9]. 
Guang-Qiao ZENG et al. [10] and Muhammad Islam et 
al. [11] recommended that URSL may be regarded as the 
optimal choice for the treatment of distal ureteric calculi. 
However, WANG Guang et al. [12] considered that 
ESWL was the first line treatment for patients with distal 
ureteric calculi. Although ESWL and URSL are currently 
accepted choices for the treatment of distal ureteric cal-
culi [13,14], optimum management remains an ongoing 
question among urologists. However, to date, no syste-
matic review and meta-analysis has been performed to 
determine the efficacy and safety between ESWL and 
URSL for distal ureteric calculi. Therefore, this meta- 
analysis was performed to evaluate the efficacy and 
safety between ESWL and URSL to provide more relia-
ble evidence for the choice of stone management. 

2. Methods 
Relevant publications were identified through a literature 
search using the key words (“extracorporeal shock-wave 
lithotripsy” OR “extracorporeal shock wave lithotripsy”) 
AND (“pneumatic ureteroscopic lithotripsy” OR “urete-
roscopic pneumatic lithotripsy”) in the following elec-
tronic databases: PubMed, Sciverse, the Cochrane Li-
brary, SinoMed and China Knowledge Resource Inte-
grated Database (last search was updated on Aug. 10, 
2013). We also evaluated the references of included stu-
dies to identify additional potentially associated publica-
tions.  

Our primary outcome was the stone-free rate (SFR). 
Secondary outcomes were fragmentation rate (FR), com-
plications and the rate of re-treatment and secondary 
procedures. The titles and abstracts were screened by 2 
reviewers independently, who discarded the studies that 
were not eligible, and 2 reviewers independently as-
sessed the retrieved titles and abstracts of all identified 
trials to confirm fulfillment of the inclusion criteria. Data 
extraction was performed independently by the same 
investigators using standard data extraction forms. To 
reduce bias, 1 of the reviewers was unaware of the source 
of the publication and the authors’names. Disagreements 
were resolved in consultation with the third reviewer. 
The quality of the included trials was assessed using the 

Cochrane Collaboration tool [15], which included ran-
dom sequence generation, allocation concealment, 
blinding, incomplete outcome data, selective reporting, 
and other sources of bias. Randomised controlled trials of 
urolithiasis in any language were eligible. Only those 
studies were identified in a comparison between ESWL 
and URSL for distal ureteric calculi. We excluded trials 
in which the comparison between ESWL and URSL ac-
company with other management modalities or upper 
ureter. 

3. Statistical Analysis 
We analyzed the data using Review Manager Version 5.0, 
extracted and pooled the data for summary estimates. P< 
0.05 was considered statistically significant. For the me-
ta-analysis, we combined the data on dichotomous out-
comes using the Mantel-Haenszel relative risk method. 
We used the chi-square statistic to assess the heterogene-
ity between the trials and the I2 statistic to assess the ex-
tent of inconsistency. We used a fixed-effects model for 
calculations of summary estimated and their 95% CI, I2 
values of 25%, 50%, and 75% correspond to low, me-
dium, and high levels of heterogeneity, unless significant 
heterogeneity was present, in which case, the results 
were confirmed using a random effects statistical model. 
When significant heterogeneity was present, I2 values 
was over 50% and data were available and sufficient, a 
subgroup analysis was performed to explore possible 
heterogeneity. Stata version 11.0 was used to assess the 
publication bias test. 

4. Results 
According to the inclusion criteria defined above, we 
identified 13 independent studies, including 5180 pa-
tients receiving ESWL and only 1912 patients receiving 
URSL (Figure 1). Table 1 showed the studies’ characte-
ristics included in the meta-analysis. All studies [10-12, 
16-25] were multicenter, double-blind, randomized and 
parallel-group. The included studies consisted of 11 
China, 1 Turkey, and 1 Peshawar populations. Baseline 
information was comparable between ESWL and URSL 
groups. Three studies [22-24] compared upper, middle, 
and low ureteral stones between two procedures. The 
duration time of stone free rate was one week reported in 
one study [21]. Quality assessment of the 13 studies were 
showed in Table 2. 

4.1. The Rate of Stone Free  
13 available studies’ data including 7092 patients re-
ported the rate of stone free for ESWL vs URSL. Hete-
rogeneity was observed in pooled analysis (P < 0.00001,  
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Figure 1. Flow chart for selecting randomized controlled trials for analysis. 

 
I2 = 74%). Thus, we performed meta-analysis using the 
random-effects model. At the follow-up end points, 
URSL had a significant advantage over ESWL (OR = 
0.14, 95% CI [0.09, 0.23], P < 0.00001). The results 
were depicted in Table 3. Subsequently, subgroup analy-
sis was performed to explore the possible heterogeneity.  

One study [21] reported the duration time of stone free 
rate was seven days. After deleting the report, the pooled 
results of the following 12 studies showed there was still 
statistical significance in the treatment between ESWL 
and USRL (random-effects model, M-H 0.16, 95% CI 
0.10 - 0.25, P < 0.00001). Three studies [22-24] reported 
whole ureteral stones in these two procedures. The 
pooled results demonstrated there was also statistical 
difference between ESWL and USRL treatments after 
extracting the three studies (random-effects model, M-H 
0.14, 95% CI 0.08 - 0.25, P < 0.00001).  

4.2. The Fragmentation Rate 
There were 6 studies [16-19,21,23] (851 ESWL and 607 
URSL) analyzing the FR between ESWL and URSL 
treatments in distal ureteric calculi. Heterogeneity was 
assessed in pooled analysis (P = 0.02, I2 = 61%). There-
fore, we performed meta-analysis using the random-ef- 
fects model. The pooled results showed that the ESWL 
procedure had statistical disadvantages over URSL in FR 
of ureteral stones (OR = 0.14, 95% CI [0.05, 0.39], P = 
0.0002) (Table 3). After deleting the study that the dura-
tion time of stone free was seven days [21], the pooled 
studies showed that there was still statistical difference in 
FR between ESWL and URSL (random-effects model, 
M-H 0.08, 95% CI 0.05 - 0.15, P < 0.00001). 

4.3. Re-treatment and Secondary  
Procedure Rate 

9 available studies’ data including 6099 patients reported 
the re-treatment and secondary procedure rate for ESWL 

vs URSL. Heterogeneity was observed in pooled analysis 
(P < 0.00001, I2 = 81%). We performed meta-analysis by 
the random-effect model. The result of meta-analysis 
showed that there was statistically significant difference 
between ESWL and URSL procedure (OR = 5.37, 95% 
CI [2.61, 11.07], P < 0.00001). The URSL had a lower 
re-treatment and secondary procedure rate than ESWL 
procedure (Table 3). After deleting the study which re-
ported the duration time of stone free was seven days 
[21], the result showed that there was still a significant 
difference between two procedures (random-effects 
model, M-H 6.02, 95% CI 2.78 - 13.04, P < 0.00001). 

4.4. Complications 
There was 10 studies [10-11,16-21,24,25] reported vari-
ous complications caused by ESWL and URSL. The 
most common adverse events were colic pain, hemature-
sis, and ureteral stricture. Five studies [17,18,20,24,25] 
reported the incidence of hematuresis, however, the 
pooled results showed there was no statistically signifi-
cant difference in hematuresis between ESWL and URSL 
(P = 0.39). Six studies [11,16-18,20,24] compared the 
difference of the adverse events of colic pain, the pooled 
results showed URSL could effectively reduce the rate of 
colic pain than ESWL (P = 0.04). The pooled studies of 
four studies’ data [10,19,21,25] revealed there was no 
statistically significant difference between ESWL and 
URSL (P = 0.17) in ureteral stricture. Four studies [16, 
17,24,25] reported the complication rate of urosepsis/ 
fever, and the result showed there was also no statistical-
ly significant difference (P = 0.21). Eight studies [10,11, 
16,18-20,24,25] reported the URSL modality could cause 
ureteral perforation, which was no one occurred in 
ESWL group. 

4.5. Publication Bias 
We assessed the publication bias of included studies, the  
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Table 2. Methodological quality of included studies. 

Study Random sequence 
generation 

Allocation  
concealment Blinding Incomplete 

outcome data 
Selective 
reporting 

Other sources 
of bias 

KÜPELI 2000 [16] Unclear Unclear Double-blind Yes Unclear Unclear 

ZENG 2002 [10] Unclear Unclear Double-blind No Unclear Unclear 

Islam 2012 [11] Unclear Unclear Double-blind No Unclear Unclear 

WANG Guang 2009 [12] Unclear Unclear Double-blind No Unclear Unclear 

DING Yan 2010 [17] Unclear Unclear Double-blind Yes Unclear Unclear 

DONG Xueyi 2006 [18] Unclear Unclear Double-blind Yes Unclear Unclear 

JIN Yuming 2004 [19] Unclear Unclear Double-blind Yes Unclear Unclear 

XIE Lei 2006 [20] Unclear Unclear Double-blind No Unclear Unclear 

WANG li 2002 [21] Unclear Unclear Double-blind Yes Unclear Unclear 

ZHANG jing 2009 [22] Unclear Unclear Double-blind No Unclear Unclear 

ZHANG weixing 2012 [23] Unclear Unclear Double-blind Yes Unclear Unclear 

LI liyu 2005 [24] Unclear Unclear Double-blind No Unclear Unclear 

WU yingqiu 2011 [25] Unclear Unclear Double-blind No Unclear Unclear 

 
Table 3. Results of meta-analysis for the efficacy and safety for distal urinary stone in ESWL or URSL. 

Parameter  Sample 
Num. 

Sample size 
(E/U) Heterogeneity Polled MH or OR 

(95% CI) Z Test P Value 

The stone free rate 13 5180/1741 χ2 = 45.93; P < 0.00001; I2 = 74% 0.14 [0.09, 0.23] 8.02, <0.00001 

The fragmentation rate 6 851/586 χ2 = 12.90; P = 0.02; I2 = 61% 0.14 [0.05, 0.39] 3.71, 0.0002 

The re-treatment and 
secondary procedure 9 4625/1453 χ2 = 41.19; P < 0.00001; I2 = 81% 5.37 [2.61, 11.07] 4.56, <0.00001 

Hematuresis 5 3870/1146 χ2 = 64.69; P < 0.00001; I2 = 94% 4.93 [0.13, 194.21] 0.85, 0.0.39 

Colic pain 6 998/703 χ2 = 25.62; P = 0.0001; I2 = 80% 3.70 [1.06, 12.98] 2.05, 0.04 

Ureteralstricture 4 3700/964 χ2 = 0.47; P = 0.93; I2 = 0% 1.36 [0.87, 2.13] 1.37, 0.17 

Urosepsis/fever 4 3821/822 χ2 = 10.54; P = 0.01; I2 = 72% 1.53 [0.79, 2.99] 1.26, 0.21 

E: ESWL; U: URSL. 
 
result showed that there was no statistically significant 
difference in these studies (P = 0.525). Therefore, we 
could conclude there was a small publication bias in this 
review with meta-analysis. 

5. Comment 
With various techniques developing, ESWL and URSL 
have revolutionized the treatment of distal ureteric calcu-
li and afforded obvious advantages over conventional 
open surgical lithotomy [26]. However, the first optimal 
strategy was still a controversial issue. A number of stu-
dies suggested that ESWL can be regarded as the first 
treatment option for patients with lower ureteral stones 
compared with URSL [11,12,16], due to its noninvasive 
nature, fewer complications, faster convalescence, and 
shorter operative time. Several reports showed the suc-  

cess rates >90% in those patients performed ESWL 
[27,28]. By contrast, some papers reported that URSL 
had an advantage over ESWL in high stone free rate, 
reliable efficacy for the treatment of distal ureteric calcu-
li [17,20,21]. Some small sample studies are limited by 
their sample size and have a power too low to detect ef-
fects that may exist. Combining data from those studies 
have an advantage of increasing the statistical power. In 
order to provide comprehensive and reliable evidence, 
we performed this review with meta-analysis to evaluate 
the efficiency and safety in the treatment of distal ureter-
ic calculi compared between ESWL and URSL modali-
ties. 

Muhammad Islam [11] and BORA KÜPELI [16] re-
ported the outcome of these two treatment modalities 
was similar in SFR, and the rates were 74% and 32.4%, 
respectively. The SFR performed by ESWL seems to be 
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related to stone location. Our pooled meta-analysis re-
sults showed that the URSL procedure cause a higher 
value in SFR than ESWL treatment (OR = 0.14, P < 
0.00001). FR is also a crucial factor to evaluate the effi-
ciency of these two treatment modalities. WANG Li [21] 
reported the overall successful rate of stone fragmenta-
tion of URSL was lower than that of ESWL (94.5% vs 
100%). The results indicated that URSL had a disadvan-
tage over ESWL in stone FR. However, several studies 
showed a different conclusion that ESWL could not in-
crease the FR. The pooled results indicated that the 
treatment of URSL modality had an advantage over 
ESWL in FR (OR = 0.14, P = 0.0002). 

Several factors might impact the efficiency of stone 
elimination, such as location and stone size, composition, 
obstruction, as well as proficiency of the operator. Sev-
eral studies reported [28,29] that ESWL for distal ureter-
al stones appeared to be an attractive treatment option. 
Nevertheless, some patients whose stones were not pul-
verized always need a re-treatment or repetitive ESWL 
modality. Our study indicated that the incidence of 
re-treatment or secondary procedure in ESWL was high-
er than in URSL for patients with lower ureteral stones 
(OR = 5.37, P < 0.00001). 

Demirbas M et al. [28] reported a few patients who 
performed ESWL encountered self-limiting hematuria, 
dysuria, and pain in 2004. WU et al. [21] showed that the 
incidence of fever and hematuria in ESWL group was 
significantly higher than that in URSL group. BORA 
KÜPEL et al. [16] reported the main complications in-
volved urosepsis, ureteral perforation, and colic pain. 
However, their reports showed there was no statistically 
significant difference in the complication rates between 
ESWL and URSL (P = 0.32, P = 0.25). Our pooled re-
sults showed that there was also no statistically signifi-
cant difference between ESWL and URSL in hematuresis, 
ureteral stricture, urosepsis or fever (P = 0.39, P = 0.17, 
P = 0.21, respectively), but ESWL had a higher inci-
dence of colic pain than URSL (P = 0.04). The reason 
maybe that the probe of URSL could closely contact with 
stones, which rarely generates thermal energy resulting 
in slight and short damage in ureteral mucosa, and the 
amplitude was less than 2 mm. Several studies [10,11, 
18-20,24,25] indicated that the complication of ureteral 
perforation appeared in URSL group, and actually there 
was no one patient occurred in ESWL. It is evident that 
ESWL is the least invasive treatment option. Therefore, 
we could conclude that URSL was a risk factor for ure-
teral perforation. 

Heterogeneity is a possible problem when accounting 
the results of the present meta-analysis. In pooled analy-
sis results, significant heterogeneity existed in compari-
son of stone free rate, fragmentation rate, and re-treat- 
ment or secondary procedure. So we performed subgroup 

analysis by excluding the studies which involved 7 days’ 
duration time of stone free and whole urethra. The reason 
may be that different rates were caused by different loca-
tions of ureter. 

Some limitations of this meta-analysis should be as-
sessed. First, because published articles were only in-
cluded in the meta-analysis, publication bias might ex-
isted, and unpublished reports might show less positive 
results [30]. Second, approximately all studies came from 
China. Thus, more studies are needed from other coun-
tries to evaluate the efficiency between ESWL and 
URSL. Third, the sample size of some studies was rela-
tively small, while a more precise analysis should be 
conducted if more data were available. Fourth, our re-
sults could not evaluate the stone size’ diversity between 
two treatment modalities, and the precise option between 
ESWL and URSL needed to be performed. 

5. Conclusion 
The present meta-analysis suggested that URSL had 
more advantages over ESWL in the treatment of lower 
ureteral stones disease. There was no statistical differ-
ence between ESWL and URSL in adverse events of 
hematuresis, ureteral stricture and urosepsis or fever. 
URSL had an advantage of decreasing the incidence of 
colic pain over ESWL, but it could easily cause ureteral 
perforation. Due to the limitations of the analysis noted 
above, more efficient performance of higher quality, 
large samples, and more rigorous, long-term randomized 
controlled trials are warranted to verify the efficacy and 
safety between ESWL and URSL. 
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