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Abstract

Introduction: In this study we compare the success rates and com-
plication rates of shock wave lithotripsy (SWL), laparoscopic, and 
ureteroscopic approaches for large (between 1 and 2 cm) proximal 
ureteral stones.
Methods: In total, 151 patients with ureteral stones between 1 
and 2 cm in diameter were randomized into 3 groups (52 SWL, 
51 laparoscopy and 48 retrograde intrarenal surgery [RIRS]). The 
groups were compared for stone size, success rates, and complica-
tion rates using the modified Clavien grading system.
Results: Stone burden of the groups were similar (p = 0.36). The 
success rates were 96%, 81% and 79%, respectively in the lapa-
roscopy, SWL, and ureteroscopy groups. The success rate in lapa-
roscopy group was significantly higher (p < 0.05). When these 
groups were compared for complication rates, RIRS seemed to be 
the group with the lowest complication rates (4.11%) (p < 0.05). 
SWL and laparoscopy seem to have similar rates of complication 
(7.06% and 7.86%, respectively, p = 0.12).
Interpretation: To our knowledge, this is the first study to compare 
the results of laparoscopy, SWL and RIRS in ureteral stones. Our 
results showed that in management of patients with upper ureteral 
stones between 1 and 2 cm, laparoscopy is the most successful 
method based on its stone-free rates and acceptable complication 
rates. However, the limitations of our study are lack of hospital 
stay and cost-effectiveness data. Also, studies conducted on larger 
populations should support our findings. When a less invasive 
method is the only choice, SWL and flexible ureterorenoscopy 
methods have similar success rates. RIRS, however, has a lower 
complication rate than the other approaches. 

Introduction 

Upper ureteral stones, which are hard to treat, are frequently 
encountered in daily practice. For treatment, the most effec-
tive and the safest approach should be chosen. Upper ure-

teral stones can be managed by various approaches. There is 
no gold standard treatment for stones between 1 and 2 cm. 
Even though some researchers recommend extracorporeal 
shock wave lithotripsy (SWL) as first-line treatment,1 it has a 
40% success rate in larger proximal ureteral calculi.2 With 
the common use of flexible devices in urology, ureteros-
copy has gained popularity in the treatment of upper ureteral 
stones. For stones larger than 1 cm and fully obstructing the 
passage in the ureter, open or laparoscopic surgery may be 
an option with success rates up to 100%.1 In recent years, 
some authors have published their data on the laparoscopic 
approach and have recommended its use for its high success 
and low complication rates.3 

This study compares the success and complication rates 
of SWL and laparoscopic and ureteroscopic approaches for 
proximal ureteral calculi between 1 and 2 cm.

Methods 

After Institutional Review Board approval, we enrolled 150 
patients who had ureteral stones between 1 and 2 cm in the 
study; they were randomized into 3 groups by an online ran-
domization program (52 for SWL, 51 for laparoscopy, and 
48 for retrograde intrarenal surgery (RIRS).4 All patients pro-
vided written informed consent. We excluded patients under 
18 years old with previously managed calculi or multiple 
stones and/or with solitary kidney or ureteropelvic junction 
obstruction. Stone clearance was assessed intraoperatively 
and with postoperative or post-procedure x-rays and urinary 
ultrasound after 3 months. At 3 months, the patients were 
evaluated by a physician blinded for the treatment method. 
A stone-free status at 3 months or having clinically insig-
nificant sized stones (<4 mm) were considered successful. 
All success rates were determined by a single session of the 
operation and, at most, 3 sessions of SWL.

Electrohydraulic extracorporeal lithotripter (Multimed 
Classic, Elmed, Ankara, Turkey) was used for SWL (in each 
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lithotripsy session, 2.500 to 3.500 shocks were given at 14 
to 17 kv), and flexible ureterorenoscope (Olympus URFP5, 
Tokyo, Japan) and holmium laser (Ho:YAG Laser; Dornier 
MedTech, Munich, Germany) for flexible ureterorenoscopy. 
The patients in the SWL group underwent 3 courses of SWL 
therapy at most. Each procedure was performed by a single 
surgeon.

The groups were compared for stone size, success rates, 
and complication rates using the modified Clavien grading 
system. We tallied patient characteristics (Table 1).

Statistical analyses were performed using the Statistical 
Package for Social Sciences version 20.0 software (SPSS Inc, 
Chicago, IL). In addition to the frequency and percentage 
distributions of the data, Student’s t-test was used in group 
comparisons, and the chi-square test was used for com-
parisons of variables between categorical data. A value of 
p < 0.05 was considered statistically significant.

A power analysis based on previous studies2,3 showed 
that groups with an average of 48 patients each would be 
required to demonstrate the outcomes with a Type I error 
of 0.05.

Results 

In total, 52 patients were managed with SWL. The mean 
stone size of SWL group was 13.2 mm (±2.04). Fifty-one 
patients were managed with laparoscopy, and the mean 
stone size was 13.3 mm (±2.06). Forty-eight patients were 
managed with RIRS and had a stone burden of 13.2 mm 
(±2.01). Stone burden of the groups were similar (p = 0.36).

 The mean SWL sessions was 2.31 (±0.73). The stone-free 
rate of SWL group was 81%. One patient in SWL group suf-
fered from steinstrasse; 2 patients suffered from severe pain 
and discontinued the therapy, and 1 patient had perirenal 
hematoma and was treated conservatively. 

Laparoscopy group had the highest stone-free rate (96%). 
The success rate in this group was significantly higher than 
the rates of the other groups (p < 0.05). Conversion to open 
surgery was necessary in 1 patient (2%). Because of peri-
toneal laceration, 1 (2%) patient in laparoscopy group had 
prolonged urine discharge in need of extra hospitalization 
(13 days-spontaneous remission), 2 patients (4%) developed 
mild fever in the first 24 hours.

RIRS group consisted of 48 patients. Of these patients, 
39 had a stone-free rate of 79%. One patient had grade 
one ureteral laceration, and 1 patient in RIRS group had 
postoperative fever. 

Procedure outcomes were summarized in Table 2. 
Complications were summarized in Table 3 according to 
the modified Clavien System.

Discussion 

Upper ureteral stones are hard-to-treat conditions. Although 
the European Association of Urology (EAU) Guidelines on 
urolithiasis recommend SWL or ureterorenoscopy (URS) as 
first-line treatment, open or laparoscopic approaches are 
recommended for select cases.1

SWL is preferred for proximal ureteral stones larger than 
1 cm. The success of SWL on proximal ureteral stones var-
ies between 57% and 96%.5-7 Because SWL is less invasive 
than other approaches and is an outpatient method, both 
patients and doctors generally consider it a first-line therapy. 
SWL is not a surgical procedure and is therefore considered 
a non-invasive approach. Nevertheless, it must be kept in 
mind that SWL has its own complications. The most com-
mon one is renal injury at 2.5%.8 There are also more serious 
complications, such as subcapsular hematoma.9 Moreover, 
ruptured spleen, acute pancreatitis, and even rectorrhage 
are other reported complications.10,11 Another recent study 
has mentioned renal scarring by comparing the scintigraphic 
outcomes of patients who had undergone either percutane-
ous nephrolithotomy (PNL) or SWL. The study revealed less 
scarring in PNL patients.12 In the light of this information, 
it can be said that SWL should not be considered a non-
invasive method. In this study, the success rate of SWL was 
80%, which is consistent with current literature.13,14 The 
failed cases were treated by either PNL or RIRS, but they 
were not included in the study. With a mean of 2.31 ses-
sions, our complication rate was 8%. One patient suffered 
from steinstrasse and it was managed by rigid ureteroscopy. 
Also, 2 patients suffering from flank pain caused by SWL 
discontinued the therapy. One patient suffering subcapsu-
lar hematoma was treated conservatively. The patients with 
failed SWL were managed by either ureteroscopy or lapa-
roscopy. However, they were not included in the study.

If SWL treatment is not feasible, especially if there is full 
obstruction in the ureter, open surgery is an alternative. 
Open surgery has good success rates, but with its high mor-
bidity, it is not considered a treatment alternative.1 Instead of 
open surgery, a laparoscopic technique with similar success 
and lower morbidity can be applied.1

Table 1: Patient demographics

SWL Laparoscopy RIRS

Number 52 51 48

Age (range), years 40.7 (20–78) 40.0 (19–62) 41.1 (24–58)

Sex
Male 
Female

33
19

21
30

30
18

Stone position
Left
Right

24
28

31
20

30
18

SWL: shock wave lithotripsy; RIRS: retrograde intrarenal surgery.
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The first transperitoneal laparoscopic ureterolithotomy 
was performed by Raboy and colleagues in 1992.15 After 
Gaur described a retroperitoneal laparoscopic surgery facili-
tated by a hydraulic balloon dilatation system in 1992,16 

straightforward access became available through the retro-
peritoneum. Thereafter, several authors have tried to replace 
open ureterolithotomy as a transperitoneal or retroperitoneal 
laparoscopic procedure for ureteral stone disease due to its 
minimally invasive nature. Laparoscopic surgery is a suc-
cessful method considering its stone-free rates as high as 
100%.1 With its easy application to relatively larger stones, 
laparoscopy is one step ahead compared to SWL or flexible 
ureteroscopy. However, because of its higher morbidity and 
the need for experience, laparoscopy is not considered a 
first-line treatment. In our series, the success rate was 96%. 
Two patients had to be managed by SWL after the stone 
migrated to the kidney, and a double J stent was inserted. 
The mean hospitalization was 2 days, similar to the litera-
ture.17 The mean operation time was 78 minutes for the 
first 30 cases and 43 minutes for the remaining cases. With 
minimum hemorrhage and morbidity rates, a single-session 
treatment is advantageous for patients. However, 1 patient 
managed by conservative treatment had prolonged urine 
discharge and had to be hospitalized for 13 days; also, 2 
patients with postoperative fever were managed by anti-
biotherapy. The complication rate (8%) was parallel to the 
findings in literature.13,14,17 

Flexible ureteroscopy is one of the highly popular natural 
orifice surgeries. With its relatively lower morbidity and the 
use of natural orifices, this technique is considered first-line 
by patients and surgeons. The difference between rigid/semi-
rigid and flexible ureteroscopies is that with rigid/semirigid 
instruments the operation is not feasible for the proximal 
side of the ureter; however, with flexible instruments, even 
though the stone migrates through the kidney, it can be 
followed. Besides these advantages, the small diameter of 
the instrument does not provide good vision so fragmented 
stones cannot be extracted unlike in the other methods. The 
operation may fail because of these factors. Proximal ureter 
stones (>10 mm) have a clearance rate of 77% to 85%. These 
numbers decrease as the stone size increases.1,18,19 In this 
study, we had a success rate of 82%. In the first 5 patients, 
the method failed. For the last 30 patients, the success rate 
was 95%. The mean hospitalization was 1.1 days for URS 

group. We encountered a grade 1 ureteral laceration, which 
was easily managed by a pigtail stent. One patient had to 
be managed by antibiotherapy for >38°C fever.

When these groups were compared for complication 
rates, RIRS seemed to be the group with the lowest compli-
cation rates (p < 0.05). SWL and laparoscopy seem to have 
similar rates of complication (p = 0.12).

To our knowledge, it is the first study to compare the 
results of laparoscopy, SWL and RIRS in ureteral stones. Our 
results showed that in management of patients with upper 
ureteral stones between 1 and 2 cm, laparoscopy seems 
to be the most successful method based on its stone-free 
rates and acceptable complication rates. However, it should 
be kept in mind that this technique is an invasive method. 
When a less invasive method has to be the choice, SWL 
and flexible URS methods seem to have similar success and 
complication rates; however, SWL may span a few sessions 
and weeks, which should be considered in the cases with 
higher rate of obstruction. In the cases that require rapid 
treatment, flexible URS should be the first choice. 

Conclusion 

Proximal ureteral stones can be managed by various treat-
ment options. These options include SWL, laparoscopy, and 
flexible URS. In our study, with high success and low com-
plication rates, we determined that flexible ureteroscopy is 
the first-line and minimally invasive treatment; with larger 
stones and obstructed systems, laparoscopy may be a good 
alternative.
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Table 2. Procedure outcomes

SWL (n=52)
Laparoscopy 

(n=51)
RIRS (n=48) p value

Stone size  
±SD (mm)

13.2 mm 
(±2.04)

13.3 mm 
(±2.06)

13.2 mm 
(±2.01)

p = 0.24

Success rate 81% 96% 79% p < 0.05
SWL: shock wave lithotripsy; RIRS: retrograde intrarenal surgery; SD: standard deviation.

Table 3. Classification of SWL, PNL and RIRS complications 
according to the modified Clavien grading system

Grade of 
complication

SWL (n=52)
Laparoscopy 

(n=51)
RIRS (n=48) p value

I 1 1 1 NS

II 2 2 1 NS

III
A
B

 
–
1

 
–
1

 
–
– p < 0.05

IV 0 0 0 –

V 0 0 0 –

Total 4 (7.06%) 4 (7.86%) 2 (4.11%) p < 0.05
SWL: shock wave lithotripsy; RIRS: retrograde intrarenal surgery; PNL: percutaneous 
nephrolithotomy.
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