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Abstract  

Objective: Flexible ureteroscopy is the standard treatment for renal calculi ≤2 cm in patients with 

normal anatomy; however, its role in anatomically complex kidneys, defined as an anatomical 

kidney abnormality, remains unclear. Our study evaluated stone-free rates (SFRs) and 

postoperative complications following flexible ureteroscopy in complex upper urinary tract stone 

disease. 

Materials and Methods: A retrospective review was conducted of 59 adult patients who 

underwent flexible ureteroscopy between 2016 and 2024 for stones associated with calyceal 

diverticula, horseshoe kidney, duplicated collecting systems, transplanted kidneys, or ectopic 

ureters. Primary outcomes included SFRs at 1 month and postoperative complications. The 

continuous and categorical variables were reported using descriptive statistics. Subgroup analysis 

was performed using SPSS Statistics version 25.  

Results: A total of 59 patients were included: The most common condition was calyceal 

diverticulum (47 cases). Six cases of duplicated collecting systems, four cases of horseshoe 

kidneys, one case of ectopic ureter, and one case of transplanted kidney. Overall SFRs were 74.5% 

for calyceal diverticulum, 50% for horseshoe kidneys, and 50% for duplicated collecting systems. 

Both transplanted kidney and ectopic ureter cases achieved 100% SFRs. Stone size was the only 

significant predictor of residual stones in calyceal diverticulum (p = 0.012). Complications were 

mainly infection, occurring most frequently in duplicated collecting systems. 

Conclusion: Flexible ureteroscopy is a feasible and effective option for selected complex renal 

stone cases, with stone size being the key determinant of success. 

Keywords: Flexible ureteroscopy, retrograde intrarenal surgery, calyceal diverticulum, horseshoe 

kidney, duplicated collecting systems  

Introduction 

Flexible ureteroscopy has become the standard treatment for renal calculi measuring up to 

2 cm in normally configured kidneys because of its high stone-free rates (SFRs) and low 

morbidity1. The primary objective of surgical management of nephrolithiasis is to maximize stone 

clearance while minimizing patient morbidity. Owing to its minimally invasive nature and 
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continuous technological advancements, flexible ureteroscopy is widely adopted for the 

management of upper urinary tract urolithiasis, particularly for kidney stones smaller than 2 cm2. 

However, the optimal treatment modality in anatomically complex cases remains 

controversial. In this study, complex cases are defined as urinary tract stones in patients with 

anatomical kidney abnormalities, including transplanted kidneys, horseshoe kidneys, ectopic 

ureters, calyceal diverticula, and duplicated collecting systems. Although these conditions are 

relatively uncommon compared with other urological disorders, the incidence of stone formation 

varies widely, ranging from 2% in transplanted kidneys to 50% in calyceal diverticula, 3-8 

depending on the specific anatomical abnormality. The prevalence of upper tract stones in these 

complex settings is likely underreported, and the role of flexible ureteroscopy in their management 

has not been well established. Organizing the stone in complex cases by using the flexible 

ureteroscopy may provide an advantage over other methods, for example, reducing the risk of 

bleeding or the iliac position of the transplanted kidney.  

Therefore, we retrospectively evaluated complex upper-tract stone cases managed with 

flexible ureteroscopy in our institution to assess SFRs and postoperative complications. 

Materials and Methods 

The study protocol was approved by XXX. We retrospectively reviewed the data from 59 

anatomically complex kidney patients who underwent flexible ureteroscopy between 2016 and 

2024 in XXX. Eligible patients were aged ≥ 18 years and had complete demographic and clinical 

data, including age, comorbidities, stone characteristics, and type of anatomical abnormality. All 

patients were diagnosed with urinary tract calculi using computed tomography (CT). 

Preoperative variables included maximum stone size, number of stones, stone location, and stone 

attenuation values measured in Hounsfield units (HU). All procedures were performed under 

general anesthesia in the lithotomy position. Flexible ureteroscopy was used with holmium:YAG 

laser lithotripsy. Ureteral access sheath facilitated channel dilatation during endoscopy. A 

postoperative 4.8 Fr double-J ureteral stent was routinely placed. Ultrasonography or plain KUB 

film was performed to determine the residual stone. Patients who had received prior stone 
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interventions, were pregnant, and or had incomplete data after the operation were excluded from 

the cohort.  

Surgical success was defined, using the SFRs, as a residual stone less than 2 mm on plain 

KUB or ultrasonography in a radiolucent stone at the 1-month follow-up after hospital discharge. 

Postoperative complications were recorded and analyzed. 

Statistical analyses were performed using SPSS Statistics version 25.0. Baseline 

characteristics were summarized using descriptive statistics and are presented as numbers with 

percentages of categorical variables and means or medians of continuous variables. Subgroup 

analysis was compared using both the chi-square and independent t-test, as appropriate. 

Results 

Patient Characteristics 

A total of 59 patients were included in the analysis: 47 cases of calyceal diverticulum 

(79.7%), six cases of stones in duplicated collecting systems (10.2%), four cases of horseshoe 

kidneys (6.8%), one case of a transplanted kidney, and one case of an ectopic ureter (1.7%). The 

cohort comprised 30 male and 29 female patients. The mean age across the groups ranged from 

the fifth to the seventh decade of life. Hypertension was the most common comorbidity, followed 

by diabetes mellitus and dyslipidemia.  In contrast, patients with horseshoe kidneys more 

commonly had gout and chronic kidney disease.  

Maximum stone size differed substantially among groups. Stones in duplicated collecting 

systems were the largest (mean 27.8 mm), whereas those in horseshoe kidneys were the smallest 

(mean 7.2 mm). Stone composition analysis revealed that mixed calcium oxalate and calcium 

phosphate stones were the most common across all groups. 

The mean operative time ranged from 60 to 90 minutes, and the median length of hospital 

stay was 2–4 days. Follow-up imaging was performed within 1 month after hospital discharge. 
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Surgical Outcomes and Complications 

The overall SFR at 1 month was highest in the calyceal diverticulum group (74.5%), 

followed by the horseshoe kidney (n = 2/4) and duplicated collecting system groups (n = 3/6) (50% 

each). Postoperative complications were most frequent in patients with duplicated collecting 

systems (33.3%), followed by the calyceal diverticulum group (12.8%). The most common 

complications were urinary tract infection and sepsis. One case of ureteral injury grade 2 was found 

in the calyceal diverticulum group and treated with postoperative double-J ureteral stent. No 

complications were observed in the horseshoe kidney group. 

Both the transplanted kidney and ectopic ureter cases achieved a 100% SFR (n =1) without 

postoperative complications or the need for ancillary procedures. 

Subgroup Analysis: Calyceal Diverticulum 

Subgroup analysis of patients with calyceal diverticulum cases demonstrated that 

maximum stone size was the only factor significantly associated with postoperative SFR (p = 

0.012). Stone density (HU), number of stones, stone location, and operative time were not 

significantly associated with residual stones. 

Discussion 

According to the European Association of Urology (EAU) guidelines2, the management of 

urolithiasis should be individualized based on stone size, location, number, composition, and renal 

anatomy. Complex urolithiasis presents additional challenges due to anatomical variations, 

necessitating tailored surgical approaches and careful preoperative assessment. 

Transplanted Kidney Stones 

De novo nephrolithiasis occurs in approximately 2% of kidney transplant recipients within 

three years4. Stone removal is mandatory because of the increased risk of infection in 

immunocompromised patients with a solitary functioning graft. Clinical presentation may be 

atypical due to graft denervation, with patients often presenting late with hematuria, fever, or 
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sepsis9,10. The EAU guidelines recommend individualized management for stones in transplanted 

kidneys, with selection of the most appropriate technique. For large renal or ureteral stones, 

percutaneous nephrolithotomy (PCNL) with antegrade access is generally preferred.  However, 

retrograde endoscopic approaches can be technically challenging due to the ureteroneocystostomy 

anatomy and acute angulation of the lower calyx. Despite these challenges, retrograde approaches 

carry a lower risk of bleeding and graft injury compared with PCNL.  

In our study, advancements in flexible ureteroscope design, including reduced instrument 

caliber and improved deflection, facilitated a retrograde approach in a transplanted kidney. A 10-

mm lower-pole graft stone was successfully treated using flexible ureteroscopy without 

complications. This finding supports emerging evidence that flexible ureteroscopy is an effective 

and less invasive alternative for selected patients with small stones (<15 mm), achieving SFRs of 

up to 91.7%11,12.  

Calyceal Diverticulum Stones 

PCNL and flexible ureteroscopy are the two principal treatment modalities for calyceal 

diverticulum stones. Several comparative studies have reported variable results, with PCNL 

generally achieving higher SFRs13,14. Nevertheless, flexible ureteroscopy is often favored because 

it provides acceptable SFRs with lower morbidity. PCNL, particularly when direct puncture of the 

diverticulum is performed, allows reliable access to diverticula in any location and offers excellent 

stone clearance, especially for large stones; however, it is associated with increased procedural 

morbidity. In contrast, flexible ureteroscopy is less invasive and associated with shorter hospital 

stays, although identification of the diverticular neck may be technically challenging. 

In our study, flexible ureteroscopy achieved an SFR of 74.5%, with stone size identified as 

the only significant predictor of surgical success. Eleven patients required ancillary procedures, 

including PCNL or extracorporeal shock wave lithotripsy (SWL), for residual stones. 

Postoperative complications occurred in 12.8% of patients and were predominantly infectious, 

including fever and sepsis. These findings are consistent with previous reports demonstrating 

favorable outcomes for stones smaller than 1.5 cm, with lower complication rates compared with 

PCNL. Therefore, flexible ureteroscopy represents an appropriate first-line treatment in carefully 



 

 
Journal of Health Science and Medical Research 7 J Health Sci Med Res 

 
 

Early Version - Uncorrected 

 

selected patients, while PCNL remains an important option for larger stones or as a second 

modality following failed endoscopic management. 

Horseshoe Kidney Stones 

Horseshoe kidney is associated with impaired urinary drainage and an increased risk of 

stone formation. Treatment options include SWL, PCNL, and ureteroscopy. Although PCNL 

generally provides the highest SFRs, ureteroscopy has emerged as an attractive alternative because 

of acceptable SFRs and lower complication profiles15,particularly in low-lying horseshoe kidneys 

that are difficult to access percutaneously. Previous studies have reported wide variability in SFRs 

following ureteroscopy, ranging from 33% to 70%16,17. This variability may be attributed to 

differences in operator experience, instrumentation, anatomical variations inherent to horseshoe 

kidneys, and stone-related factors. In our series, flexible ureteroscopy achieved SFRs of 50% in 

patients with horseshoe kidney stones, all of which were located in the lower pole. Treatment 

failure was primarily associated with multiple renal stones and ureteral stent encrustation. The 

presence of multiple stones and unfavorable lower-pole anatomy likely contributed to incomplete 

stone clearance. Therefore, careful patient selection based on stone size, number, and location 

remains critical when considering flexible ureteroscopy for horseshoe kidney stone management. 

Ectopic Ureter and Duplicated Collecting System Stones 

Stones in ectopic ureters and duplicated collecting systems are rare, and the available 

evidence is largely limited to case reports8. Endoscopic management with ureteroscopy is 

generally considered the treatment of choice and is associated with favorable outcomes; however, 

anatomical variations may complicate identification and access to the ureteric orifice. Abnormal 

ureteral insertion may obscure the ureteral opening or create unfavorable angles for endoscopic 

intervention. Open or laparoscopic surgery is usually reserved for cases in which endoscopic 

management fails. 

In our study, flexible ureteroscopy successfully treated a stone in an ectopic ureter with 

100% stone clearance, supporting ureteroscopy as the preferred modality for ureteric stones in 

ectopic ureters, regardless of stone size. In contrast, stones in duplicated collecting systems 
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demonstrated lower SFRs (50%), likely attributable to large stone size (mean size, 27 mm) and 

lower pole location. Furthermore, complex intrarenal anatomy may reduce endoscopic visibility 

and access, and the combination of large stone burden and unfavorable stone location appears to 

negatively affect surgical outcomes. 

Limitations 

This study is limited by its retrospective design and small sample size, reflecting the 

rarity of these anatomical conditions. Larger multicenter studies or systematic reviews are 

needed to validate these findings. Surgical success depended on the surgeon’s experience and the 

lack of standardized imaging for detecting underestimated residual stones.  

Conclusion 

Flexible ureteroscopy has emerged as a feasible and effective, minimally invasive 

modality for the management of renal stones in anatomically challenging conditions for carefully 

selected patients, including transplant and ectopic kidneys, where percutaneous access may be 

technically difficult or associated with higher complication rates. Flexible ureteroscopy also 

represents a valuable alternative treatment option for stones located within calyceal diverticula 

and demonstrates fair and acceptable outcomes in patients with horseshoe kidneys and duplicated 

collecting systems. In these complex anatomical settings, surgical outcomes are influenced by 

multiple factors, of which stone size is the most critical predictor of success. Strict patient 

selection based on stone size, number, and location, together with thorough preoperative 

assessment and individualized treatment planning, is essential for optimizing SFRs while 

minimizing the need for secondary procedures. 
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Table 1: Demographics, complications, and outcomes of horseshoe kidney, calyceal 

diverticulum, and duplicated collection system stones 

Demographic data Horseshoe 

kidney 

(N = 4) 

Calyceal diverticulum 

(N = 47) 

Stone in duplicated 

collecting system 

(N = 6) 

Sex 

Male (n (%)) 

      Female (n (%)) 

 

3 (75%) 

1 (25%) 

 

22 (46.8%)  

25 (53.2%) 

 

3 (50%) 

3 (50%) 

Age (Mean, years) 51.8  56.9 62.3  

Hypertension (n (%)) 0 20 (42.6%) 2 (33.3%) 

Diabetes Mellitus (n (%)) 0 11 (23.4%) 0  

Dyslipidemia (n (%)) 0 14 (29.8%) 0 

Gout (n (%)) 1 (25%) 0  0 

Chronic kidney disease (n (%)) 1 (25%) 7 (14.9%) 0 

Stone maximum size (mean, mm) 7.2  11.2  27.8  

Location (n (%)) 

Upper calyx 

Middle calyx 

Lower calyx 

 

0 

0 

4 (100%)  

 

21 (44.7%) 

6 (12.8%) 

20 (42.5%) 

 

2 (33.3%) 

0 

4 (66.7%) 

Operative time (Mean, min) 82.5 61.2 95.8 

Length of stay (Median, days) 3  2 3.5 

Stone-free rate (n (%)) 2 (50%)  35 (74.5%) 3 (50%)  

Stone analysis (n (%)) 

Calcium oxalate 

Calcium phosphate 

Calcium oxalate + calcium phosphate 

Uric stone 

Calcium oxalate + uric acid 

Struvite 

      Others  

 

1 (25%)  

0 

3 (75%) 

0 

0 

0 

0 

 

11 (23.4%) 

4 (8.5%) 

23 (48.9%) 

0  

2 (4.3%) 

1 (2.1%) 

6 (12.8%) 

 

1 (16.7%) 

2 (33.3%) 

2 (33.3%) 

1 (16.7%) 

0 

0  

0  
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Post-operative complication (n (%)) 

Fever 

Sepsis 

Urinary tract infection 

Ureteral injury  

0 

0 

0 

0 

0 

6, (12.8%) 

1 (2.1%) 

2 (4.3%) 

2 (4.3%) 

1 (2.1%) 

2 (33.3%) 

0 

1 (16.7%) 

1 (16.7%) 

0 

Ancillary procedure (n (%) 

PCNL  

SWL  

      URSL  

 

2 (50%) 

0 

0 

 

1 (2.1%) 

4 (8.5%)  

0 

 

0 

1 (16.7%) 

1 (16.7%) 

 

 

 

Table 2:  Subgroup analysis of calyceal diverticulum (N = 47, 1 was converted to PCNL) 

  Stone free (n = 35) Residual stone (n =11) P- value 

Underlying disease      

 
Hypertension (n (%))  16 (45.7%) 4 (36.4%) 0.56 

Diabetes Mellitus (n (%))  8 (22.9%) 3 (27.3%) 0.77 

Dyslipidemia (n (%))  8 (22.9%) 6 (54.5%) 0.046 

Gout (n (%))  0 0 

 
Chronic kidney disease (n (%))  6 (17.1%)  1 (9.1%)  0.52 

Stone analysis      

 
Stone oxalate (n (%))  10 (28.6%) 1 (9.1%) 0.19 

Stone phosphate (n (%))  2 (5.7%) 2 (18.2%)  0.2 

Stone calcium oxalate + calcium 

phosphate (n (%))  16 (45.7%) 6 (54.5%) 0.61 
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Number of stones     

 
1 (n (%))  8 (22.9%) 4 (36.4%) 0.41 

2 (n (%))  8 (22.9%) 1 (9.1%) 

 
3 (n (%))  4 (11.4%)  0 

 
4 (n (%))  15 (42.9%) 6 (54.5%) 

 
Stone location      

 
Upper calyx (n (%)) 19 (54.3%) 2 (18.2%)  0.07 

Middle calyx (n (%)) 4 (11.4%)  1 (9.1%) 

 
Lower calyx (n (%)) 12 (34.3%)  8 (72.7%)  

 
Maximum size of stone (mean, mm) 10.24 14.46 0.012 

Attenuation coefficient (mean, HU) 669.11 782.55 0.58 

Operative time (mean, min) 59.4 59.8 > 0.99 
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