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ABSTRACT
Aims: This study aimed to compare the efficacy of extracorporeal shock wave lithotripsy (ESWL), pneumatic lithotripsy, and 
laser lithotripsy in the treatment of proximal ureteral calculi, focusing on stone-free rates, complication profiles, and the need 
for additional interventions.
Methods: A retrospective analysis was conducted on 150 patients with proximal ureteral calculi treated with ESWL, pneumatic 
lithotripsy, or laser lithotripsy. Patients were divided into three equal groups (50 per treatment arm). Demographic and clinical 
characteristics, procedural outcomes, and complication rates were evaluated. Stone-free status was assessed on postoperative day 
1 via direct urinary system radiography and at 1 month using intravenous urography.
Results: For stones smaller than 10 mm, the stone-free rates were 93% in the ESWL group, 80% for pneumatic lithotripsy, and 
84% for laser lithotripsy. In stones ≥10 mm, the rates dropped to 55.0%, 52.6%, and 75%, respectively. There were no statistically 
significant differences in the distributions of stone-free status, minimal residue, or the requirement for post-procedure URS 
across procedure types. A higher frequency of pusback was observed in the pneumatic lithotripsy group compared to the other 
groups (pneumatic lithotripsy: 31.6% vs. laser lithotripsy: 12.5% vs. ESWL: 0%, p=0.012). However, for stones smaller than 10 
mm, this difference was not statistically significant. The mean operative duration was longest for laser lithotripsy compared to 
pneumatic lithotripsy and ESWL (pneumatic lithotripsy: 36.6±5.2 vs. laser lithotripsy: 62.8±11.1 vs. ESWL: 28.2±6.4 minutes, 
p=0.001). Complication rates were comparable across groups.
Conclusion: In smaller ureteral calculi, the three modalities exhibit comparable efficacy. For large ureteral stones, laser lithotripsy 
achieves better stone-free rates and requires fewer repeat interventions but has a longer operative time. Treatment decisions 
should be individualized according to stone size, patient factors, and available resources.
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INTRODUCTION
Proximal ureteral stones constitute a significant portion of 
urolithiasis cases, and their treatment is crucial to prevent 
possible urinary system obstruction, pain, hydronephrosis, 
and potential renal dysfunction.1 In managing ureteral stones, 
the main factors considered include stone size, location, 
structural characteristics, and the clinical condition of the 
patient.2 Especially in proximal ureteral stones, the likelihood 
of spontaneous passage decreases as stone size increases, 
bringing invasive or semi-invasive treatment approaches to 
the forefront.3

Traditionally, for symptomatic proximal ureteral stones larger 
than 10 mm, treatment options such as extracorporeal shock 
wave lithotripsy (ESWL), ureteroscopic pneumatic lithotripsy, 
or laser lithotripsy have been recommended.4,5 ESWL is 
widely accepted as a first-line method due to its favorable 

tolerability and non-invasive nature, while pneumatic and 
laser lithotripsy represent two commonly employed energy 
sources in ureteroscopic procedures.6,7 Pneumatic lithotripsy 
effectively fragments hard and large stones, it carries a risk 
of fragment migration. On the other hand, laser lithotripsy 
is noted for providing more controlled fragmentation and 
achieving high success rates with both hard and soft stones.8,9 
Recent research indicates that, particularly for larger stones 
in the upper ureter, laser lithotripsy may offer higher stone-
free rates compared to pneumatic lithotripsy.10,11 However, 
studies comparing ESWL with pneumatic or laser lithotripsy 
have emphasized that while ESWL’s non-invasive nature is 
an advantage, its success rates in larger or harder stones may 
be lower-sometimes requiring repeat procedures.12 Although 
both pneumatic and laser lithotripsy can reduce the need for 
repeated sessions, thereby helping patients achieve stone-
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free status more quickly, one must also consider potential 
complications such as ureteral trauma.9

The existing literature on the management of proximal 
ureteral stones predominantly focuses on comparative 
analyses involving two treatment modalities, such as ESWL, 
pneumatic lithotripsy, or laser lithotripsy. However, studies 
that evaluate and compare the efficacy and safety profiles of 
all three methods simultaneously are scarce. Therefore, this 
study aimed to compare the efficacy of ESWL, pneumatic 
lithotripsy, and laser lithotripsy in the treatment of proximal 
ureteral calculi.

METHODS
This retrospective study was conducted at the at the 
Department of Urology, Gazi University Faculty of Medicine, 
between June 2009 and June 2012, in accordance with 
the Declaration of Helsinki and Good Clinical Practice 
Guidelines. The study was derived from a thesis completed 
prior to 2020 and received institutional approval. The need for 
informed consent was waived under the approval of the local 
ethics committee due to the retrospective design.

Patients diagnosed with proximal ureteral calculi and treated 
with either ESWL, pneumatic ureterorenoscopy (URS), 
or laser URS during the study period were retrospectively 
screened for eligibility. Patients were excluded if they were 
on continuous anticoagulant therapy, had ureteral strictures, 
multiple stones, anatomical anomalies, or chronic kidney 
disease. After applying these exclusion criteria, 150 patients 
were included in the study, with 50 patients in each treatment 
group. 

All patients included in the study had radiopaque stones 
confirmed by preoperative non-contrast computed 
tomography evaluation. The localization of upper ureteral 
stones was defined as the region between the ureteropelvic 
junction and the bony pelvis. Stone size was calculated as 
described in the European Association of Urology (EAU) 
guidelines.13

Surgical Methods
The ESWL procedure was performed without anesthesia. 
The Siemens Lithostar Modularis 140 (SN:792SPV0001) 
lithotripter was used for stone fragmentation, with C-arm 
fluoroscopy employed for targeting. Following fragmentation, 
stone fragments were removed in some cases using a basket 
or forceps. URS procedures were performed under general 
or spinal anesthesia using a 10F rigid ureterorenoscope (Karl 
Storz, Germany). For laser lithotripsy, a Dornier Medilas 
H20 laser lithotripter (SN: H20-1205, Germany) was used, 
operating at a pulse energy of 120 mJ and a frequency of 8 
Hz at a wavelength of 595 nm. For pneumatic lithotripsy, 
an Elmed Vibrolith pneumatic lithotripter (SN: 1038VB672, 
Germany) was used, set at a pressure of 2 bar and a frequency 
of 10 Hz. During URS, stones were fragmented into pieces 
≤2 mm in size. Normal saline was used as the irrigation fluid 
during the procedure.

To prevent renal colic caused by any remaining fragments 
or ureteral edema, a 4.8 Fr ureteral catheter was placed in all 
patients at the end of the procedure. In uncomplicated cases, 
this catheter was removed on postoperative day 1, whereas in 
complicated cases it remained in place for 48-72 hours.

Endpoints
Successful treatment was defined as having no fragments 
larger than 2 mm. If the residual fragment size exceeded 2 
mm, the patient was deemed not stone-free, necessitating 
additional forceps or basket retrieval. In this study, achieving 
fragmentation to 2 mm or less was considered equivalent to 
being stone-free.

Complications potentially associated with each treatment 
method included ureteral perforation, ureteral mucosal 
laceration, stone migration, hematuria, urinary tract 
infection, postoperative fever, steinstrasse, and pain. Stone-
free status was evaluated on the first postoperative day using 
a direct urinary system radiography and again at one month 
via intravenous urography (IVU).

In all groups, post-procedure URS was performed in 
patients who were found to have residual stone fragments 
larger than 2 mm on follow-up imaging (direct radiography 
on postoperative day 1 or IVU at one month) or who had 
persistent (e.g., ongoing pain, obstruction, or infection) 
suggesting inadequate fragmentation or incomplete stone 
clearance.

Statistical Analysis
All data were analyzed using SPSS Statistics Software, 
version 15 (SPSS, Inc., Chicago, IL, USA). Numerical data 
determined to be normally distributed based on the results 
of Kolmogorov-Smirnov tests are given as mean±standard 
deviation values, while non-normally distributed variables 
are given as median (min-max) values. Accordingly, student 
T test and Mann-Whitney U test were used for comparisons 
between two groups. ANOVA test (post-hoc: Bonferroni test) 
or Kruskal-Wallis H test (post-hoc: Dunn’s test) were used 
for comparisons between more than two groups. Categorical 
variables were presented as numbers and percentages, and 
comparisons between groups were performed using chi-
square and Fisher exact tests. Significance was accepted at 
p<0.05 (*) for all statistical analyses.

RESULTS
Table 1 summarizes the demographic and clinical 
characteristics of the treatment groups. The median age was 
comparable across all groups (pneumatic lithotripsy: 44 vs. 
laser lithotripsy: 41 vs. ESWL: 42 years; p=0.960). While 
the proportion of males was higher in all groups, there was 
no statistically significant difference among the groups 
(pneumatic lithotripsy: 72% vs. laser lithotripsy: 58% vs. 
ESWL: 68%, p=0.355). Stone location was more frequently 
observed on the right side, and its distribution was similar 
across all groups.

Double-J ureteral catheter usage was significantly lower in 
the ESWL group compared to the other groups (pneumatic 
lithotripsy: 64% vs. laser lithotripsy: 72% vs. ESWL: 18%, 
p<0.001). The median stone size did not differ significantly 
among the groups. The mean operation duration was longer 
in the laser lithotripsy group compared to the other groups 
(pneumatic lithotripsy: 36.6±5.2 vs. laser lithotripsy: 62.8±11.1 
vs. ESWL: 28.2±6.4 minutes, p=0.001). Additionally, the ESWL 
group exhibited a shorter duration of hospital stay compared 
to the other groups (pneumatic lithotripsy: 24 hours vs. laser 
lithotripsy: 12 hours vs. ESWL: 1 hour, p=0.001) (Table 1).
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While the complication rates were comparable among the 
groups, there were no significant differences in the types 
of complications observed. The frequency of pusback was 
higher in the pneumatic lithotripsy group compared to the 
other groups, while it was not observed in the ESWL group 
(pneumatic lithotripsy: 22% vs. laser lithotripsy: 12% vs. 
ESWL: 0%, p=0.001). In the overall population, no significant 

differences were observed in other outcome findings (Table 
2).

Among patients with stones less than 10 mm, there were no 
statistically significant differences in the distributions of stone-
free status, pushback, minimal residue, or the requirement for 
post-procedure URS across procedure types (Table 3).

Table 2. Distribution of postoperative complications and outcomes according to procedure types

Variables Pneumatic lithotripsy n=50 Laser lithotripsy n=50 ESWL n=50 p-value

Complications, n (%)

   No 31 (62.0) 33 (66.0) 27 (54.0)
0.501

   Yes 19 (38.0) 17 (34.0) 23 (46.0)

      Fever 5 (10.0) 4 (8.0) 4 (8.0) 0.999

      Migration 6 (12.0) 3 (6.0) 6 (12.0) 0.556

      Infection 2 (4.0) 2 (4.0) 3 (6.0) 0.999

      Leak - - 1 (2.0) 0.999

      Hematuria 9 (18.0) 11 (22.0) 18 (36.0) 0.107

      Pain 18 (36.0) 15 (30.0) 18 (36.0) 0.791

      Steinstrasse - - 2 (4.0) 0.326

Outcomes, n (%)

   Stonefree 35 (70.0) 40 (80.0) 39 (78.0) 0.563

   Pushback 11 (22.0) 6 (12.0) - 0.001*

   Minimalresidue 1 (2.0) 2 (4.0) 6 (12.0) 0.147

   Post-procedure URS 3 (6.0) 2 (4.0) 5 (10.0) 0.600
Data are shown as number and percentage (%). *p<0.05 shows statistical significance. Abbreviations: ESWL: Extracorporeal shock wave lithotripsy, URS: Ureterorenoscopy

Table 3. Comparison of postoperative outcomes among procedure types based on stone size

Outcomes Pneumatic lithotripsy Laser lithotripsy ESWL p-value

Stones <10 mm, n (%) n=31 n=26 n=30

   Stonefree 25 (80.6) 22 (84.6) 28 (93.3) 0.364

   Pushback 5 (16.1) 3 (11.5) - 0.063

   Minimal residue - 1 (3.8) 2 (6.7) 0.406

   Post-procedure URS 1 (3.2) - - 0.999

Stones ≥10 mm, n (%) n=19 n=24 n=20

   Stonefree 10 (52.6) 18 (75.0) 11 (55.0) 0.238

   Pushback 6 (31.6) 3 (12.5) - 0.012*

   Minimal residue 1 (5.3) 1 (4.2) 4 (20.0) 0.272

   Post-procedure URS 2 (10.5) 2 (8.3) 5 (25.0) 0.286
Data are shown as number and percentage (%). *p<0.05 shows statistical significance. Abbreviations: ESWL: Extracorporeal shock wave lithotripsy, URS: Ureterorenoscopy

Table 1. Demographic and clinical findings of the patients

Variables Pneumatic lithotripsy n=50 Laser lithotripsy n=50 ESWL n=50 p-value

Age, years 44 (3-77) 41 (10-91) 42 (18-72) 0.960

Gender, n (%)

   Female 14 (28.0) 21 (42.0) 16 (32.0)
0.355

   Male 36 (72.0) 29 (58.0) 34 (68.0)

Stone location, n (%)

   Right 26 (52.0) 29 (58.0) 25 (50.0)
0.778

   Left 24 (48.0) 21 (42.0) 25 (50.0)

Double-J ureteral catheter, n (%) 32 (64.0) 36 (72.0) 9 (18.0) <0.001*

Stone size, mm 8 (5-15) 9 (5-30) 7 (5-16) 0.060

Operation duration, minutes 36.6±5.2 62.8±11.1 28.2±6.4 0.001*

Hospital stay, hours 24 (1-48) 12 (1-48) 1 (1-24) 0.001*
Data are shown as mean±standard deviation or median (minimum-maximum) or number and percentage (%). *p<0.05 shows statistical significance. Bold characters indicate differences between groups. 
Abbreviations: ESWL: Extracorporeal shock wave lithotripsy
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Among patients with stones ≥10 mm, there were no 
statistically significant differences in the distributions of 
stone-free status (pneumatic lithotripsy: 52.6% vs. laser 
lithotripsy: 75.0% vs. ESWL: 55.0%, p=0.238) across procedure 
types. The frequency of pusback was higher in the pneumatic 
lithotripsy group compared to the other groups, while it was 
not observed in the ESWL group (pneumatic lithotripsy: 
31.6% vs. laser lithotripsy: 12.5% vs. ESWL: 0%, p=0.012). 
There were no statistically significant differences in the 
distributions of minimal residue (pneumatic lithotripsy: 5.3% 
vs. laser lithotripsy: 4.2% vs. ESWL: 20.0%, p=0.273), and the 
requirement for post-procedure URS (pneumatic lithotripsy: 
10.5% vs. laser lithotripsy: 8.3% vs. ESWL: 25.0%, p=0.286) 
across procedure types (Table 3).

DISCUSSION
Guidelines by both the American Urological Association 
(AUA) and the European Association of Urology (EAU) 
indicate that for stones <10 mm, ESWL and URS yield stone-
free rates of approximately 90% and 80%, respectively; for 
stones ≥10 mm, these rates decrease to 68% and 79%.14 Their 
meta-analyses further confirm that ureteroscopy outperforms 
ESWL for stones ≥10 mm in the upper ureter.14 Similarly, in 
a large series of patients undergoing URS for upper ureteral 
stones, a stone-free rate of 91.7% and a low complication rate 
of 1.8% have been reported.15 A previous study comparing 
ultrasonic, electrohydraulic, pulsed-dye laser, and pneumatic 
lithotripsy in URS have documented an overall success rate of 
87.8%; success rates for each modality have been reported as 
79.6%, 72%, 86.7%, and 92.7%, respectively.16 A meta-analysis 
comparing URS and ESWL for the management of large (>10 
mm) proximal ureteral stones revealed that URS achieved a 
higher stone-free rate, whereas ESWL was associated with a 
higher retreatment rate. Nonetheless, no significant differences 
were observed between the two techniques regarding mean 
operative time, auxiliary procedure rates, or complication 
rates.5 In our study, treatment success was defined as achieving 
stone-free status; any residual fragments and need for repeated 
interventions were considered a failure. For stones <10 mm, the 
stone-free rates in the ESWL, pneumatic, and laser lithotripsy 
groups were 93.3%, 80.6%, and 84.6%, respectively, without 
statistically significant differences among them. However, for 
stones ≥10 mm, the rates decreased to 55%, 52.6%, and 75%, 
respectively. Laser lithotripsy tended to show high success 
rate than other treatment groups. These findings highlight the 
impact of stone size on the effectiveness of different treatment 
modalities.

We observed that the re-intervention rate among patients with 
stones ≥10 mm treated with ESWL was 25%, compared to 
10.5% for pneumatic lithotripsy and 8.3% for laser lithotripsy. 
Conversely, second procedure rates were markedly lower 
in cases involving stones <10 mm. Our findings align with 
previous reports that ESWL might be more suitable for smaller 
stones, given that larger or impacted stones can yield higher 
rates of residual fragments and possible steinstrasse.5,17-19 In 
response to the drawbacks associated with ESWL-particularly 
the need for repeated sessions and the associated increased 
morbidity-endoscopic approaches have gained prominence 
and, in many centers, have become the first-line treatment for 
ureteral stones.20 Historically, ESWL was recommended for 
upper ureter stones, whereas URS was primarily indicated for 
mid and distal ureteral stones.21 However, the development 

of small-caliber semirigid and flexible ureteroscopes, 
alongside advances in holmium laser technology, has enabled 
safer and more effective ureteroscopic intervention at all 
ureteral levels.22 Indeed, single-session stone-free rates with 
flexible ureteroscopy have been reported to reach 81-94% in 
various series, bringing outcomes closer to those of ESWL, 
particularly for upper ureteral stones.14,23-25

Although ESWL is less invasive, patients must sometimes 
endure extended periods awaiting spontaneous fragment 
passage, which can be accompanied by colic, possible 
additional sessions, or even salvage URS.26 Meanwhile, URS-
whether pneumatic or laser-often can provide a definitive 
solution in a single session. Consequently, many patients 
prefer ureteroscopic approaches to avoid the uncertainty 
and repeated visits associated with ESWL, particularly when 
stones are large or symptomatic.27 Nonetheless, institutional 
factors such as the availability of endoscopic equipment, 
laser fibers, and the surgeon’s experience also play roles in 
treatment selection.28,29

Pneumatic lithotripsy effectively fragments even hard 
calculi. However, its high-impact mechanical force can drive 
stone fragments proximally (pushback), leading to longer 
procedure times, additional interventions, and potentially 
higher morbidity.30 In our series, the laser lithotripsy group 
had the longest mean operative time, which we attribute 
partly to a steeper learning curve, the delicate nature of laser 
fragmentation, and the slightly larger stone sizes in that 
group compared to the other arms. Also, we noted a 12% 
rate of significant upward stone migration with pneumatic 
lithotripsy, consistent with other publications.30-33 Because 
most pneumatic systems are used with rigid ureteroscopes, 
retrieving migrated fragments can be technically challenging-
especially for upper ureter stones. Laser lithotripsy, often 
employing holmium: YAG technology, emits energy localized 
primarily on the stone surface rather than surrounding tissues 
or irrigation fluid. It is compatible with small-caliber and 
flexible ureteroscopes, thus broadening its utility for upper 
ureter or intrarenal stones.34,35 Beyond stone fragmentation, 
holmium lasers can assist with coagulation and even the 
excision of ureteral strictures or other obstructive lesions, 
offering a “multipurpose” advantage during endoscopic 
procedures.36

Complication rates for ESWL range from 1.5% to 35% in 
various series.37 Post-ESWL complications, such as sepsis, 
steinstrasse, hematuria, and flank pain, do occur but are 
generally lower than the potential injuries seen in URS (e.g., 
perforation, mucosal tears).38 According to the 2007 AUA 
guidelines, URS complications include a 1-2% risk of stricture, 
3-6% ureteral injury, 2-4% urinary tract infection/sepsis, and 
0% steinstrasse.14 Consistent with the literature, our study 
documented the most frequent postoperative complaints as 
fever, mucosal lesions, and stone migration-especially in the 
pneumatic group. In the ESWL group, minimal extravasation 
was observed in one patient, managed successfully with 
temporary stenting and no further intervention required. 
Interestingly, the overall complication distribution also seems 
tied to surgeon expertise. In our series, laser lithotripsy tended 
to show fewer complications than pneumatic lithotripsy, 
potentially reflecting the surgeon’s familiarity with the laser 
device and the localized mechanism of holmium laser energy. 
This notion is supported by other studies demonstrating that 
surgeon experience can play a pivotal role in minimizing 
complications and optimizing outcomes.38-40
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Limitations
This study has several limitations. The retrospective nature of 
the study may introduce inherent biases, such as selection bias 
and the inability to control for all confounding variables. The 
study was conducted at a single center, which may limit the 
generalizability of the findings to other institutions or patient 
populations with different clinical practices, technological 
access, or surgeon expertise. The study primarily focused 
on short-term outcomes, such as stone-free rates and 
complications within the immediate postoperative period. 
We evaluated stone-free status in the short term using direct 
urinary system radiography and intravenous urography, 
which may underestimate final stone-free rates, as the EAU 
guidelines recommend a longer follow-up-up to three months-
for possible delayed fragment passage. Longer-term follow-
up is necessary to assess late complications, such as ureteral 
stricture formation, and to determine the recurrence rates of 
stones after treatment. Additionally, a longer follow-up period 
with additional imaging modalities, such as ultrasonography 
or non-contrast computed tomography, could have provided 
a more precise assessment of stone-free rates.

CONCLUSION
ESWL remains a valuable non-invasive option, offering 
shorter hospital stays and minimal procedural risk. However, 
its efficacy decreases with increasing stone size, often 
necessitating multiple sessions and additional interventions, 
which may offset its initial advantages. Pneumatic lithotripsy 
is effective for stone fragmentation but carries a higher risk 
of stone migration due to its mechanical impact, particularly 
in proximal ureteral stones. This migration often leads to 
extended operative times and additional procedures. Laser 
lithotripsy demonstrated better stone-free rates, especially for 
stones ≥10 mm, with lower complication rates compared to 
other modalities. Despite requiring longer operative times, its 
precision and ability to manage complex stone scenarios make 
it a highly effective treatment option.
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