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Introduction

Urinary stone disease is still one of the most commonly observed 
problems of modern society (1). One-fifth of urinary system 
stones are ureteral stones. Treatment methods of ureteral 
stones include medical expulsive therapy (MET), ureteroscopic 
lithotripsy (URS), shockwave lithotripsy (SWL), and open or 
laparoscopic procedures. The two most commonly performed 
procedures are SWL and URS (2).

SWL can be successfully performed without the need for 
anesthesia in most cases (3). Although SWL has low morbidity, 

secondary interventions are frequently required to achieve a 

stone-free status. Therefore, in treating ureteral stones, SWL 

is less preferred than other minimally invasive endourological 

treatment methods.

URS has become the treatment of choice because of its 

high efficacy and low complication rates for ureteral stones 

independent of their location (4). According to the validated 

guidelines, URS is associated with higher stone-free rates than 

SWL for ureteral stones of any size or position, except for 

proximal ureteral stones.

Objective: This study aimed to compare shockwave lithotripsy (SWL) with ureteroscopic lithotripsy (URS) for ureteral stones in terms of stone-free 
rates, complication rates, and overall treatment costs.
Materials and Methods: Data of 886 adult patients who underwent URS or SWL were retrospectively evaluated, of which 184 patients underwent 
SWL and 702 underwent URS. The groups were compared in terms of patient characteristics, stone-free rates, complications, and costs.
Results: No significant differences were found between the groups in terms of age, gender, and relevant sides (p>0.05). A significant difference 
was observed in favor of SWL for upper ureteral stones <10 mm regarding treatment success (p=0.018), and no significant difference was observed 
between the two groups in terms of mid- and distal ureteral stones (p=1 and p=0.655, respectively). Complications were classified according to the 
modified Clavien-Dindo grading system. No major complications were observed in the two groups, except for one patient with Clavien-Dindo grade 
IVa complication. SWL was significantly more economical than URS (p<0.001).
Conclusion: The results of this study suggest that SWL can be recommended as the primary treatment option for upper ureteral stones <10 mm 
because of its high stone-free rates and low overall costs.
Keywords: Ureteral stones, ureterorenoscopy, shockwave lithotripsy, holmium laser

Abstract

What’s known on the subject? and What does the study add?

Shockwave lithotripsy (SWL) has lost its popularity, relative to ureteroscopic lithotripsy (URS), due to enhanced endourological instruments. 
SWL incurred increased costs due to the need for secondary interventions in many countries. SWL is one of the most successful treatment 
methods when done by experienced person. Altough cost of SWL differs from country to country SWL is very cheap than URS in Turkish 
health insurance policies.
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This study aimed to compare SWL and URS in patients presented 
with ureteral stones according to their stone-free rates, 
complication rates, and treatment costs.

Materials and Methods

We identified 886 patients who were diagnosed with ureteral 
stones and who underwent either SWL or URS at Ege University 
Faculty of Medicine in Turkey from January 2012 to January 
2016. The patients were selected into groups consecutively, 
while patients’ data were analyzed retrospectively. Of the 
886 patients, 184 and 702 were treated with SWL and URS, 
respectively. This study was derived from the corresponding 
author’s dissertation.

The following data were recorded for each patient: age, gender, 
size, and location of the stones, periprocedural complications, 
length of hospital stay, use and duration of Double J-stent (DJ 
stent), stone-free rates, any secondary interventions, and overall 
treatment costs covered by the Social Security Institution. 
Patients were excluded if they were younger than 17 years, had 
bilateral ureteral stones, had preoperative nephrostomy tubes, 
were pregnant, had undergone unsuccessful surgery in another 
clinic, had undergone surgery with a pneumatic probe, or did 
not return for follow-up after the SWL or URS. Patients with 
a transplanted kidney or presenting with urosepsis were also 
excluded because any complications may be caused by the 
treatment modality or the patients’ existing comorbidity.

Preoperatively, direct urinary system radiography (DUSG), 
ultrasonography, intravenous urography, and unenhanced 
computed tomography (CT) were used as screening methods.

Ureteral stones were divided into three anatomical groups: 
upper, middle, and lower. Stones were grouped according to 
their localizations: stones located above the sacroiliac bone 
are referred to as upper ureteral stones, stones located on the 
same plane with the sacroiliac bone as mid-ureteral stones, 
and stones located below the sacroiliac bone as lower ureteral 
stones. In this study, each stone’s longest measurable diameter 
was accepted as the stone size.

SWL Technique

SWL was performed by using the Multimed Classic™ device. 
Stones were examined using a C-arm fluoroscopy device. None 
of the patients who underwent SWL received anesthesia. The 
process was applied while the patient was in a supine position. 
In this study, SWL was applied by a single experienced clinician.

In each session, 3.000 shockwaves were produced using 15-20 
kV power. Following the first session, patients were called to 
return after 10 days for DUSG follow-up. The second session 
of SWL was not performed if the residual stones were <4 mm. 

These patients were treated with MET and advised to return for 
follow-up 1 month later. Second and third SWL sessions were 
performed on patients who had stones >4 mm in outpatient 
visits. The mean number of sessions was 1.37 (1-3), and the 
period between sessions was 7-10 days. Secondary treatment 
options were applied to patients who were diagnosed with 
stones ≥5 mm and did not benefit from SWL.

URS Technique

The ureteroscopy was performed under spinal or general 
anesthesia. After positioning to lithotomy with appropriate 
surgical coverage, a semirigid ureteroscope was engaged to the 
bladder, and both ureteral orifices were observed. Ureteroscopy 
was then performed in the suspected ureter under the guidance 
of a 0.035-inch guidewire. Appropriate manipulations were 
performed with a 7.5 F Karl Storz® ureteroscope to reach the 
stones. The stones were then completely fragmented using a 
SureFlex™ 550 micron Holmium YAG laser lithotripter device. 
If ureterolithotripsy could not be performed because of the 
narrow ureteral orifice, edema, hematuria, vision loss, mucosal 
damage, or push-back of the stone, the process was delayed 
for the second session by applying a DJ stent or nephrostomy 
tube. For all patients whose stone removal process was left to 
the second session, ureteroscopy was recorded as unsuccessful. 
Patients were invited to return 3 weeks after the surgery, and 
either a DUSG or an unenhanced CT was performed for residual 
stones. The presence of stones ≤4 mm in the control X-ray or CT 
image was accepted as stone-free. Secondary treatment options 
were applied to patients with residual stones (>4 mm), whose 
stones could not be reached because of the narrow ureter, and 
if push-back of the stone to the kidney occurred.

Statistical Analysis

Statistical analyses were performed using SPSS Windows 
version 22.0 statistical package. Descriptive statistics are 
shown as percentages and medians of variables. Variables were 
compared for the SWL and URS groups. A chi-square test was 
used to compare numerical variables. If the variables did not fit 
a normal distribution, the Mann-Whitney U test was applied. 
Results were accepted as significant if the “p” value was <0.05.

Results

In the URS group, the mean age was 46 (17-89) years, and 
the male/female ratio was 2.44 (498/204). In the SWL group, 
the mean age was 46 (17-86) years, and the male/female 
ratio was 2.22 (127/57). No significant difference was found 
between the two groups regarding the mean age and male/
female ratio (p=0.436 and p=0.611, respectively). Demographic 
data and distribution of stone dimensions for both groups are 
summarized in Table 1.
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For ureteral stones <10 mm in the URS group, the stone-free 
rates were 82.8% (n=77) in the proximal ureter, 87.5% (n=63) 
in the mid-ureter, and 94.8% (n=73) in the distal ureter. In 
the SWL group, for stones <10 mm, the stone-free rates were 
97.6% in the proximal ureter, 86.7% in the mid-ureter, and 
97.6% in the distal ureter. Compared with URS, SWL was more 
effective in proximal ureteral stones <10 mm (p=0.018). No 
significant difference was observed for stones <10 mm in the 
mid- and distal ureters (p=1 and p=0.655, respectively). For 
ureteral stones >10 mm, the success rates of URS were 84.4% 
for proximal ureteral stones, 87.1% for mid-ureteral stones, and 
93.4% for distal ureteral stones. For ureteral stones >10 mm, 
the SWL success rates were 76.9% in the proximal ureter, 100% 
in the mid-ureter, and 93.4% in the distal ureter. No significant 
differences were found between URS and SWL regarding stone-
free rates for stones >10 mm (p=0.284, p=0.601, and p=1 for 
the proximal, mid-, and distal ureters, respectively). Compared 
with stone localization and dimension, treatment success rates 
are summarized in Table 2.

Complications were classified according to the modified 
Clavien-Dindo grading system. Intraoperative complications 
were observed in two patients as Clavien-Dindo grade IIIb 
(ureteral perforation) and Clavien-Dindo grade IVa (ureteral 
avulsion) for URS. In four patients, postoperative fever (Clavien-
Dindo grade II) was observed. After the process, a DJ stent was 
used in 673 patients, whereas it was not used in 29 patients. 
The usage rate of DJ stent was 95.8%. The average removal time 
of the DJ stent was 27.52 days. The average hospital stay was 
1.15 days; in the URS group, 52 (7.4%) patients were discharged 
on the same day of their procedure. The rate of steinstrasse 
formation, as a possible complication of SWL, was 2.17% and 
recorded as Clavien-Dindo grade IIIb. All these patients had 
undergone SWL for stone size >10 mm. Sepsis was not observed 
in any patients after SWL. Data regarding minor complications, 
such as hematuria and flank pain, were not available in the 
study. In the SWL group, a J-stent was not used in any of the 
patients, and all patients were discharged on the same day of 
the treatment. A comparison of stent usage rates, complication 
rates, and hospitalization time between the URS and SWL 
groups is summarized in Table 3.

Overall treatment costs for URS and SWL were also analyzed. 
While the average cost of URS was 131.25±35.46 euros (€), the 
average cost of SWL was 28.1±11.2 €. The difference in costs 
between the two groups was significant (p<0.001). A comparison 
of the two groups according to the overall treatment costs is 
summarized in Table 4.

Table 4. Overall costs of shockwave lithotripsy vs ureteroscopic 
lithotripsy

SWL (Euro) URS (Euro) p 

Mean 35.4 142.8
*p<0.001Median 28.1 131.2

SD 11.23 35.4
*Mann-Whitney U test, SD: Standard deviation, SWL: Shockwave lithotripsy, URS: 
Ureteroscopic lithotripsy

Table 1. Demographic data of the patients and stone 
characteristics

SWL URS p 

Age 46 (17-86) 46 (17-89) p=0.436*

Gender 
Male, n (%)
Female, n (%)

127 (20.3)
57 (21.8)

 
498 (79.7)
204 (78.2)

p=0.611**

Stone laterality
Right side, n (%)
Left side, n (%) 

92 (50)
92 (50)

 
361 (51.4)
341 (48.6)

p=0.731**

Stone location
• Proximal, n (%)
• Mid, n (%)
• Distal, n (%)

94 (24.4)
24 (10.2)
66 (25)

292 (75.6)
212 (89.8)
198 (75)

p<0.001**

Stone size (mm) 9 (5-22) 10 (5-30) p=0.01*
*Mann-Whitney U test, **Chi-square test, SWL: Shockwave lithotripsy, URS: 
Ureteroscopic lithotripsy

Table 2. Stone-free rates according to the stone size and 
location
Stone size Stone location SWL (n) URS (n) p 

>10 mm 
Proximal 40 (76.9%) 168 (84.4%) 0.284

Mid 9 (100%) 122 (87.1%) 0.601

Distal 23 (95.8%) 113 (93.4%) 1.00

<10 mm 
Proximal 40 (97.6%) 77 (82.8%) 0.018

Mid 13(87.6%) 63 (87.5%) 1.00

Distal 41 (97.6%) 73 (94.8%) 0.655

Chi-square test, SWL: Shockwave lithotripsy, URS: Ureteroscopic lithotripsy
(Table 2 shows the stone-free rates and the number of patients who were stone-free: 
166 and 782 patients in the SWL and URS groups were stone-free, respectively. The 
remaining 104 patients required secondary treatment)

Table 3. Comparison of complications, stent use, and duration 
of hospital stay

SWL URS

DJ stent usage NA 673 (95.8%)

Removal time of the DJ stent NA 27.52/day

Patients discharged on the same day 184 (100%) 52 (7.4%)

Complications

Streinstrasse 4 (2.17%) NA

Postoperative fever NA 4 (0.5%)

Ureteral avulsion NA 1 (0.14%) 

Ureteral perforation NA 1 (0.14%)

SWL: Shockwave lithotripsy, URS: Ureteroscopic lithotripsy, DJ stent: Double J-stent
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Discussion

Various treatment methods are available for ureteral stones. 
In the selection of treatment, patient preference, physician 
experience, and equipment availability play an important role. 
Even if SWL and URS are the two most commonly performed 
procedures, SWL has lost its popularity, relative to URS, 
because of the high rates of secondary treatment it requires. 
URS provides better stone-free rates with increasing reliability, 
thanks to new, enhanced endourology instruments and parallel 
advances in endoscopic imaging technology (5). A 2014 study 
of 194,781 kidney stone treatments reported a fall in the ratio 
of SWL preference from 69% to 34% -along with an increase in 
URS preference from 25% to 59%- from 1991 to 2010 (6).

The current European Association of Urology guidelines have 
recommended a treatment algorithm for ureteral stones. While 
SWL was recommended as the first treatment option for upper 
ureteral stones <10 mm, URS was recommended for distal 
ureteral stones >10 mm. Therefore, for upper ureteral stones 
>10 mm and distal ureteral stones <10 mm, neither treatment 
modality was superior to the other (7).

In a prospective randomized study published in 2012, the stone-
free rates for SWL and URS of stones >10 mm in the upper ureter 
were 35.7% and 62.5%, respectively (8). In a 2004 study of 82 
patients, the stone-free rates for upper ureter stones >10 mm 
were 92% and 61% for URS and SWL, respectively (9). A meta-
analysis reported a stone-free rate of 82.6% for URS in 746 
patients with stone >10 mm in the upper ureter. Meanwhile, the 
stone-free rate was 85.5% in 1.460 patients with stone <10 mm 
in the upper ureter (10). Another meta-analysis revealed that 
stones >10 mm are located at the upper ureter and that URS 
had higher stone-free rates than did SWL (4). In our study, the 
stone-free rates of SWL and URS for upper ureteral stones >10 
mm were 76.9% and 84.4%, respectively. For stones <10 mm, 
the rates were 97% and 82.8%, respectively.

In a study conducted on 156 patients with mid- and lower 
ureteral stones, the SWL and URS stone-free rates were 51% 
and 91%, respectively (11). In a retrospective study, the stone-
free rates following SWL and URS were 81% and 99% for lower 
ureteral stones and 90% and 96% for mid-ureteral stones, 
respectively (12).

In a meta-analysis of URS, stone-free rates for stones >10 
mm were 85.2% for mid-ureteral stones and 90.9% for lower 
ureteral stones. In the same study, the stone-free rates for 
stones <10 mm were 90.8% for mid-ureteral stones and 95.2% 
for lower ureteral stones (10).

In our study, the success rates for mid-ureteral stones >10 mm 
using SWL and URS were 100% and 87.1%, respectively. For 
stones <10 mm, the rates were 86.7% and 87.5%, respectively. 

For lower ureteral stones >10 mm, the SWL and URS success 
rates were 95.8% and 93.4%, and for stones <10 mm, they were 
97.6% and 94.8%, respectively. The success rate of SWL for mid-
ureteral stones >10 mm was 100% because of the low number 
of patients (n=9).

In the literature, the total post-URS complication rate has ranged 
from 9% to 25% (4,10,13). Early complications include renal 
colic, hematuria, urinary infection, mucosal injuries, urinary 
extravasation, ureteral perforation, and avulsion. In our review 
of the literature, the more enhanced are the instruments used 
in URS and the more experienced are the surgeons participating 
in the intervention, the fewer complication rates are reported.

A study determined that the rates of mucosal injury, ureteral 
perforation, ureteral avulsion, renal colic, and urosepsis were 
1.5%, 1.7%, 0.1%, 2.2%, and 1.1%, respectively (13).

In our study, among patients who had undergone URS, four 
patients had a postoperative fever (0.5%), one patient had 
ureteral perforation (0.14%), and one patient had ureteral 
avulsion (0.14%). These values were similar to those reported 
in the literature.

Complications of SWL are very rarely reported in the literature 
(0-6%) (14,15). The renal colic rate ranged from 2% to 4% (16), 
and the sepsis rate ranged from 1% to 2.7% (17,18). The risk of 
steinstrasse after SWL has ranged from 4% to 7% (19-21), and 
the major risk factor is defined as the stone dimension (22). Wu 
et al. (9) reported hematuria and flank pain as the most frequent 
complications; no major complications were determined in the 
study.

In the present study, steinstrasse formation was seen in 2.17% of 
patients undergoing SWL. In all these patients, stone sizes were 
>10 mm. After SWL, sepsis was not observed. The complication 
rates were similar to those reported in the literature. One of 
the most important factors that affect treatment choice is 
the overall cost. Owing to the restrictions enforced by health 
insurance companies in recent years, physicians tended to 
shorten hospitalization time for all procedures. Several studies 
have attempted to determine the most cost-effective treatment 
method in patients diagnosed with ureteral stones.

A study conducted in Taiwan compared URS and SWL for distal 
ureteral stones. The overall cost analysis results were 1.030 
dollars for SWL and 956 dollars for URS (23). Both Francesca 
et al. (24) and Kapoor et al. (25) have stated that URS was 
less expensive than SWL as a treatment modality. In all three 
studies, SWL incurred increased costs as it required secondary 
interventions. However, in another study, the costs of SWL and 
URS were comparable (26), and Bierkens et al. (12) found that 
the treatment costs of SWL for distal and mid-ureteral stones 
were lower than those of URS.
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In our study, the average treatment cost was significantly 
lower in the SWL group, which included the cost of secondary 
treatments. This finding contradicts those of most studies in the 
literature. This controversial difference is due to a higher stone-
free rate after the initial procedure in our study, as well as to the 
lower cost of SWL in Turkish health insurance policies.

Study Limitations

This study has some limitations. First, this retrospective study was 
performed in a single center. Second, there is a discrepancy between 
the numbers of patients in the two groups. The smaller size of the 
SWL group was due to the preference of the patients (due to higher 
rates of secondary interventions required in SWL than in URS) and 
surgeons (due to being more experienced on URS).

Conclusion

The results of this study suggest that SWL can be recommended 
as the primary treatment choice for upper ureteral stones <10 
mm because of its high stone-free rate and low overall costs.

*This study was derived from the corresponding author’s 
dissertation.
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