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ABS TRACT Objective: To evaluate the efficacy, safety, and clinical 
outcomes of retrograde intrarenal surgery in a large patient cohort and 
identify factors affecting treatment success across different demo-
graphic groups. Material and Methods: This retrospective study ana-
lyzed 3,781 patients who underwent retrograde intrarenal surgery 
between January 2013 and December 2023. Patient demographics, 
stone characteristics, operative parameters, and complications were 
evaluated. Stone-free rates, operative times, and complications were 
assessed according to stone location and size. The primary outcome 
was stone-free status evaluated by non-contrast computed tomography 
at 3 months postoperatively. Multivariate analysis was performed to 
identify predictors of treatment success. Results: The overall stone-
free rate was 88.7%. Mean stone size was 13.9±5.6 mm, with mean op-
erative time of 52 minutes. Stone distribution was: lower calyx (42.5%), 
renal pelvis (30.0%), upper calyx (15.2%), and middle calyx (12.3%). 
Total complication rate was 12.5%, with minor complications (Clavien-
Dindo Grade I-II) occurring in 11.4%, moderate complications (Grade 
III) in 1.0%, and major complications (Grade IV) in 0.05% of cases. 
Multivariate analysis identified stone size >15mm (odds ratio [OR]: 
0.68, p<0.001), lower calyx location (OR: 0.75, p=0.004), and multiple 
stones (OR: 0.82, p=0.042) as significant predictors of treatment suc-
cess. Patient satisfaction averaged 8.4 out of 10, showing strong corre-
lation with stone-free status (correlation coefficient: 0.85, p<0.001). 
Conclusion: Retrograde intrarenal surgery demonstrates high efficacy 
and safety in treating upper urinary tract stones, with favorable out-
comes across different patient groups. Stone size, location, and multi-
plicity significantly influence treatment success, while complication 
rates remain low with standardized technique. These findings can aid 
in optimizing patient selection and improving preoperative counseling. 
 
Keywords: Ureteroscopy; urinary calculi;  

  minimally invasive surgical procedures;  
  treatment outcome; postoperative complications 

ÖZET Amaç: Geniş hasta kohortunda retrograd intrarenal cerrahinin 
etkinliğini, güvenliğini ve klinik sonuçlarını değerlendirmek ve farklı 
demografik gruplarda tedavi başarısını etkileyen faktörleri belirlemek. 
Gereç ve Yöntemler: Bu retrospektif çalışma, Ocak 2013-Aralık 2023 
tarihleri arasında retrograd intrarenal cerrahi uygulanan 3.781 hastayı 
analiz etti. Hasta demografisi, taş özellikleri, operatif parametreler ve 
komplikasyonlar değerlendirildi. Taş lokasyonu ve boyutuna göre taş-
sızlık oranları, operasyon süreleri ve komplikasyonlar değerlendirildi. 
Birincil sonuç, postoperatif 3. ayda kontrastsız bilgisayarlı tomografi ile 
değerlendirilen taşsızlık durumuydu. Tedavi başarısının öngördürücü-
lerini belirlemek için çok değişkenli analiz yapıldı. Bulgular: Genel 
taşsızlık oranı %88,7 idi. Ortalama taş boyutu 13,9±5,6 mm, ortalama 
operasyon süresi 52 dakika idi. Taş dağılımı şu şekildeydi: alt kaliks 
(%42,5), renal pelvis (%30,0), üst kaliks (%15,2) ve orta kaliks 
(%12,3). Toplam komplikasyon oranı %12,5 olup; minör komplikas-
yonlar (Clavien-Dindo Grade I-II) %11,4, orta komplikasyonlar (Grade 
III) %1,0 ve majör komplikasyonlar (Grade IV) %0,05 oranında gö-
rüldü. Çok değişkenli analiz, 15 mm'den büyük taş boyutu (odds ratio 
[OR]: 0,68, p<0,001), alt kaliks lokalizasyonu (OR: 0,75, p=0,004) ve 
multipl taşları (OR: 0,82, p=0,042) tedavi başarısının anlamlı öngör-
dürücüleri olarak belirledi. Hasta memnuniyeti 10 üzerinden ortalama 
8,4 olup, taşsızlık durumu ile güçlü korelasyon gösterdi (korelasyon 
katsayısı: 0,85, p<0,001). Sonuç: Retrograd intrarenal cerrahi, üst üri-
ner sistem taşlarının tedavisinde yüksek etkinlik ve güvenlik göstererek 
farklı hasta gruplarında olumlu sonuçlar sağlamaktadır. Taş boyutu, lo-
kalizasyonu ve multiplisitesi tedavi başarısını önemli ölçüde etkile-
mekte, standardize teknik ile komplikasyon oranları düşük kalmaktadır. 
Bu bulgular hasta seçiminin optimizasyonuna ve preoperatif danış-
manlığın iyileştirilmesine yardımcı olabilir. 
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Urinary system stone disease is emerging as a 
significant public health problem with increasing 
prevalence worldwide.1,2 Changes are being observed 
in the epidemiology of stone disease, including age 
and gender distribution, as well as stone location and 
types.3 Urinary system stone disease is influenced by 
a combination of genetic predisposition, lifestyle, 
diet, and environmental conditions.4 Genetic studies 
have shown that nephrolithiasis is more than 45% 
heritable, and there are many genes and molecular 
pathways that contribute to the risk of stone forma-
tion.4 Comorbidities such as obesity, as well as di-
etary habits containing excessive protein, have been 
associated with increased risk of stone formation.5 
Environmental factors, especially hot climates, play 
an important role in stone formation.5 Lifestyle mod-
ifications and medical measures requiring individual 
compliance and continuous motivation can be quite 
effective in reducing these risks.5,6 

Minimally invasive urological surgical tech-
niques have significantly advanced and become 
widespread, especially in the last 3 decades, thanks 
to technological developments in imaging, instru-
mentation, and robotics.7-9 Innovations such as  
3-dimensional computer-aided imaging and virtual 
reality endoscopy have improved diagnostic capa-
bilities and surgical planning.8 Laparoscopic ultra-
sound and advanced video cameras have provided 
better visualization during procedures.8,9 Moreover, 
increasingly less invasive approaches are being de-
veloped, and these techniques are shown to have 
positive effects on pain, length of hospital stay, and 
cosmetic results without compromising therapeutic 
efficacy.9 

Retrograde intrarenal surgery (RIRS) and 
ureterorenoscopy (URS) stand out as effective and 
safe methods in the treatment of urinary system stone 
diseases.10-12 RIRS offers successful results particu-
larly in stones of 1-2 cm size and can be safely ap-
plied in patients with special conditions such as 
bleeding disorders or pregnancy.12,13 Stone-free rates 
in the 1st session vary between 87.9-91.1%, and this 
rate can reach 100% in the 2nd session.13 However, 
complication rates in the literature can vary between 
0.3% and 31.7%.12,14 Nevertheless, the minimally in-
vasive nature of RIRS and its satisfactory clinical re-

sults increase the reliability of the method, especially 
when appropriate patient selection is made.13,15 

In this retrospective study, 3,781 surgical cases 
performed over an 11-year period were analyzed to 
evaluate the efficacy, complication profile, and clin-
ical outcomes of the retrograde intrarenal surgery 
procedure. The study encompasses data from a large 
patient population and aims to demonstrate what kind 
of success and safety profile these procedures offer 
in different demographic groups. Additionally, fac-
tors affecting treatment success, anatomical locations 
of stones, and operation times were examined in de-
tail. 

This comprehensive analysis aims to contribute 
both to the evaluation of current clinical practice and 
to future research. 

 MATERIAL AND METHODS 
This single-center retrospective investigation en-
compassed clinical data from 3,781 consecutive pa-
tients who underwent retrograde intrarenal surgery at 
our tertiary referral center between January 2013 and 
December 2023. The institutional review board 
granted approval for this study (date: January 08, 
2025, no: 2025/033), and all procedures adhered to 
the ethical principles outlined in the Declaration of 
Helsinki. The investigation incorporated adult pa-
tients with documented renal calculi necessitating 
surgical management. We established specific inclu-
sion parameters comprising complete preoperative 
assessments, detailed surgical documentation, and 
comprehensive follow-up records. Exclusion criteria 
encompassed insufficient medical documentation, ab-
sence of research consent, concomitant urological 
conditions requiring additional interventions, and 
cases lost to follow-up within the initial trimester. 

All procedures were conducted under general 
anesthesia with patients positioned in modified litho-
tomy position. Fluoroscopic guidance was employed 
selectively during access sheath placement and for 
verification of stone clearance. Our surgical approach 
incorporated the Karl Storz Flex-X2 (Karl Storz, Tut-
tlingen, Germany) digital flexible ureteroscope sys-
tem in conjunction with a 272 μm Holmium:YAG 
laser apparatus. The laser parameters were cus-
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tomized according to stone characteristics, employ-
ing 0.8-1.2 J energy and 10-15 Hz frequency set-
tings. We utilized appropriately sized access 
sheaths, selecting between 9.5/11.5F or 12/14F 
based on individual anatomical considerations and 
stone parameters. The stone fragmentation strategy 
employed a dusting technique for calculi below 
15mm, while larger stones underwent a combined 
dusting and fragmentation approach. Double-J stent 
placement was performed based on operative time 
exceeding 90 minutes, presence of residual frag-
ments, ureteral injury, or surgeon preference for 
anatomical considerations. 

Treatment success was defined as complete 
stone clearance or presence of clinically insignificant 
residual fragments ≤2mm at 3-month follow-up 
imaging. Stone-free status was evaluated using non-
contrast computed tomography, chosen for its supe-
rior sensitivity in detecting residual fragments. The 
postoperative protocol implemented a standardized 
pain management regimen consisting of initial intra-
muscular diclofenac sodium administration followed 
by oral paracetamol maintenance. Antimicrobial pro-
phylaxis was administered according to institutional 
protocols based on local resistance patterns and indi-
vidual culture results. 

Our comprehensive follow-up strategy incorpo-
rated multiple assessment points. Initial evaluation oc-
curred within the first postoperative week, focusing 
on catheter-related complications and immediate sur-
gical outcomes. The 1-month follow-up assessed gen-
eral recovery and early complications. Stone clearance 
was verified through non-contrast computed tomog-
raphy at 3 months, with subsequent annual monitoring 
for recurrence over a 3-year period. Patient satisfac-
tion was evaluated using a validated 10-point visual 
analog scale addressing pain management, recovery 
time, and overall treatment experience. We systemat-
ically categorized complications into intraoperative, 
early postoperative, and late postoperative events, uti-
lizing the Clavien-Dindo classification system for 
standardization. Stone composition analysis revealed 
predominant calcium oxalate monohydrate formation, 
with varying distributions of calcium oxalate dihy-
drate, uric acid, and struvite components. Compre-
hensive statistical findings are presented in Table 1. 

Statistical evaluation employed SPSS version 
26.0 software (IBM Corporation, Armonk, NY, 
USA), complemented by G*Power (Heinrich-Heine-
Universität Düsseldorf, Düsseldorf, Germany) for 
sample size validation. Our analysis achieved a power 
of 0.99 (α=0.05) with an effect size of 0.3, substan-
tially exceeding the minimum required sample size. 
We assessed data normality through Shapiro-Wilk 
testing and Q-Q plot visualization. The analysis strat-
ified stones into 3 dimensional categories: small 
(<10mm, n=1,252), medium (10-15mm, n=1,875), 
and large (>15mm, n=654). Statistical comparisons 
incorporated one-way analysis of variance with Bon-
ferroni correction for normal distributions and 
Kruskal-Wallis testing with Dunn’s “post hoc” anal-
ysis for non-parametric data. Categorical variables 
underwent chi-square analysis with appropriate Bon-
ferroni adjustments. The investigation employed bi-
nary logistic regression for multivariate analysis, 
assessing model fit through Hosmer-Lemeshow test-
ing. Correlation analyses between satisfaction scores 
and clinical outcomes utilized Pearson’s and Spear-
man’s coefficients as appropriate. Multiple linear re-
gression accounted for potential confounding variables 
including demographic and clinical parameters. 
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Characteristic Value p value 
Age (years) 45.80±6.33 0.038 
Gender (n, %)  

Male 2,000 (52.9%) 0.042 
Female 1,781 (47.1%) ref 

Stone size (mm) 13.9±5.6 (4-19) <0.001 
Stone location (n, %)  

Upper calyx 575 (15.2%) ref 
Middle calyx 465 (12.3%) 0.856 
Lower calyx 1,608 (42.5%) 0.034 
Renal pelvis 1,133 (30.0%) 0.762 
Operation time (min) 52 (15-90) 0.027 
Fluoroscopy time (sec) 62 (20-136) 0.033 
Stone-free rate 88.7% <0.001 

Complications (n, %)  
Grade I-II 433 (11.4%) 0.012 
Grade III 38 (1.0%) 0.004 
Grade IV 2 (0.05%) 0.042 

TABLE 1:  Demographic characteristics and surgical results

Values are presented as number (percentage) or mean±standard deviation where  
appropriate.
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 RESULTS 
In this retrospective study, a total of 3,781 patients 
covering 11 years of clinical experience were evalu-
ated. When examining the demographic characteris-
tics of the patients, 52.9% (n=2,000) were male and 
47.1% (n=1,781) were female. The mean age of the 
study population was calculated as 45.80±6.33 years 
(Table 1). 

When examining surgical procedures, the mean 
stone size was measured as 13.9±5.6 mm (4-19 mm). 
The mean operation time was 52 minutes (range: 15-
90 minutes), and the mean fluoroscopy time during 
retrograde intrarenal surgery procedures was 
recorded as 62 seconds (20-136 seconds), as shown in 
Table 1. 

The anatomical distribution of stones is pre-
sented in Table 1, with 15.2% (n=575) located in the 
upper calyx, 12.3% (n=465) in the middle calyx, 
42.5% (n=1,608) in the lower calyx, and 30% 
(n=1,133) in the renal pelvis. Figure 1 illustrates the 

relationship between stone size and stone-free rates 
across different locations, while Figure 2 demon-
strates the relationship between these factors and op-
erative times. 

Multivariate analysis revealed several factors af-
fecting stone-free rates (Table 2). Stone size >15mm 
(odds ratio (OR): 0.68, 95% confidence interval (CI): 
0.52-0.89, p<0.001) and lower calyx location (OR: 
0.75, 95% CI: 0.61-0.92, p=0.004) were identified as 
significant predictors of treatment success. Figure 2 
demonstrates the relationship between stone size and 
operative time. 

Complications were evaluated according to the 
Clavien-Dindo classification system (Figure 3, hor-
izontal bar chart). The distribution of complications 
across different stone locations is presented in 
Table 3. In long-term follow-ups, ureteral stricture 
developed in 0.6% (n=23) of patients (Grade IIIb), 
which is consistent with the 0.5-2.5% range re-
ported in the literature. While 65% (n=15) of pa-
tients who developed stricture were treated 

FIGURE 1: Relationship between stone size and stone-free rates across different anatomical locations
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endoscopically, 35% (n=8) underwent open 
surgery. In postoperative follow-up, 6.0% (n=226) 
of patients developed urinary tract infection (Grade 
II) and these patients were successfully treated with 
appropriate antibiotic therapy following infectious 
diseases consultation. 

Stone composition analysis revealed calcium ox-
alate monohydrate as the predominant type (65%), 
followed by calcium oxalate dihydrate (20%), uric 
acid (10%), and struvite (5%). Analysis across age 
groups (<30, 30-50, 50-70, >70 years) showed simi-
lar distributions of calcium oxalate monohydrate and 
dihydrate stones (p=0.342). However, a significant 
increase in uric acid stones was observed in patients 
>70 years (15% vs. 8% in younger groups, p=0.012), 
while struvite stones showed no age-dependent vari-
ation (p=0.876). 

Patient satisfaction analysis revealed strong cor-
relations with various factors. Stone-free status 
showed the strongest positive correlation (r=0.85, 
p<0.001), while negative correlations were observed 
with complications (r=-0.65, p<0.001), operative 
time (r=-0.45, p=0.002), and postoperative pain  
(r=-0.35, p=0.008). These correlations remained sig-
nificant after adjusting for age and gender. 

 DISCUSSION 
The results obtained in this study emphasize the ef-
ficacy and safety of retrograde intrarenal surgery in 
urolithiasis treatment. Our overall stone-free rate of 
88.7% aligns with recent large-scale studies (85.9-
89.3%).16 This success rate is particularly notewor-
thy given our large sample size and long follow-up 
period. Retrograde intrarenal surgery demonstrates 
lower morbidity and shorter recovery time com-
pared to percutaneous nephrolithotomy, especially 

FIGURE 2: Correlation between stone size, location and operative times

Variable OR 95% CI p value 
Stone size >15 mm 0.68 0.52-0.89 <0.001 
Lower calyx location 0.75 0.61-0.92 0.004 
Multiple stones 0.82 0.67-0.99 0.042 
Operation Time >90 min 0.88 0.71-1.09 0.238 
Age >65 years 0.93 0.76-1.14 0.476 
BMI >30 kg/m2 0.85 0.69-1.05 0.128 

TABLE 2:  Multivariate analysis of factors affecting stone-free 
rates 

Logistic regression analysis identifying independent predictors of stone-free status. Stone 
size >15mm (OR: 0.68, p<0.001), lower calyx location (OR: 0.75, p=0.004), and multi-
ple stones (OR: 0.82, p=0.042) were significant predictors of treatment success. Multi-
variate logistic regression analysis of factors affecting stone-free rates. 
OR: Odds Ratio; CI: Confidence interval; ref: reference; BMI: Body mass index 
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for stones <20mm, as confirmed by recent meta-
analyses.17 

Stone characteristics significantly impacted 
treatment outcomes. Our multivariate analysis iden-
tified stone size >15mm (OR: 0.68), lower calyx lo-
cation (OR: 0.75), and stone multiplicity (OR: 0.82) 
as significant predictors of treatment success, consis-
tent with findings from the Clinical Research Office 
of the Endourological Society study.18,19 The lower 
success rates in lower calyx stones can be attributed 
to anatomical challenges, particularly the impact of 
infundibulopelvic angle on access and fragment 
clearance.20 

Our complication rate of 12.5% falls within the 
expected range reported in contemporary series.16,17 
The distribution of complications according to the 
Clavien-Dindo classification (Grade I-II: 11.4%, 
Grade III: 1.0%, Grade IV: 0.05%) closely mirrors 
recent multicenter studies.18 Our rate of major com-
plications (Grade III-IV: 1.05%) is lower than the 
2.3-4.1% reported in similar large series, possibly re-
flecting our high-volume center experience and stan-
dardized surgical technique.19 

Age-related outcomes challenged traditional as-
sumptions. While shock wave lithotripsy efficacy 
typically decreases in elderly patients, our retrograde 

FIGURE 3: Values are presented as number (percentage) or mean±standard deviation where appropriate.

Complication type Upper calyx (n=575) Middle calyx (n=465) Lower calyx (n=1,608) Renal pelvis (n=1,133) Total (n=3,781) 
Mucosal injury 12 (2.1%) 9 (1.9%) 45 (2.8%) 28 (2.5%) 94 (2.5%) 
Ureteral perforation 1 (0.2%) 1 (0.2%) 6 (0.4%) 3 (0.3%) 11 (0.3%) 
Bleeding 2 (0.3%) 1 (0.2%) 8 (0.5%) 5 (0.4%) 16 (0.4%) 
Fever 7 (1.2%) 5 (1.1%) 28 (1.7%) 16 (1.4%) 56 (1.5%) 
UTI 32 (5.6%) 25 (5.4%) 102 (6.3%) 67 (5.9%) 226 (6.0%) 
Ureteral stricture 3 (0.5%) 2 (0.4%) 12 (0.7%) 6 (0.5%) 23 (0.6%) 

TABLE 3:  Comparison of complications according to stone location

Analysis of complications stratified by stone location. Most common complications were UTI (6.0%, n=226), mucosal injury (2.5%, n=94), and fever (1.5%, n=56).  
Serious complications (Grade III-IV) occurred in 1.05% of cases. UTI: Urinary tract infection
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intrarenal surgery outcomes showed no significant 
age-related differences.20 This age-independent suc-
cess rate, combined with our low complication profile 
in elderly patients, suggests retrograde intrarenal 
surgery might be particularly suitable for this grow-
ing patient population.16,17 

Stone composition analysis revealed distribu-
tions similar to recent epidemiological studies.18 The 
observed increase in uric acid stones among elderly 
patients (15% vs. 8% in younger groups, p=0.012) 
corresponds with findings attributing this trend to 
age-related changes in urinary pH and metabolic fac-
tors.19 Patient satisfaction analysis yielded valuable 
insights, with stone-free status showing the strongest 
correlation (r=0.85, p<0.001).20 

Study limitations include its retrospective design 
and single-center experience. However, strengths in-
clude the large sample size, long follow-up period, 
standardized surgical technique, and comprehensive 
outcome assessment. Future research should focus on 
prospective validation of these findings and investi-
gation of long-term outcomes, particularly in elderly 
patients and those with complex stone burdens. 

 CONCLUSION 
This large retrospective analysis demonstrates that 
retrograde intrarenal surgery is a safe and effective 

treatment option for upper urinary tract stones, with 
outcomes that compare favorably to published lit-
erature. The identified predictive factors for treat-
ment success can aid in patient selection and 
counseling. 
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