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Objective: To evaluate the outcomes of retrograde intrarenal surgery (RIRS) treatment of 
calyceal diverticular calculi and identify the associated factors affecting post-operative stone- 
free rate.
Materials and Methods: From August 2015 to May 2019, data of 32 patients with calyceal 
diverticular calculi who were treated by RIRS in a Siriraj Hospital were retrospectively 
studied. All operations were performed by the same surgeon using flexible ureterorenoscopy 
(f-URS) and holmium YAG laser lithotripsy. Calyceal diverticula were identified by our 
refluxing technique and from the collected demographic, diverticular and stone data. 
Operative outcomes were retrospectively evaluated. Data were analysed to identify the 
factors associated with stone-free outcomes. Stone-free was defined as no residual stones 
remaining after surgery.
Results: Mean age of the patients was 55.7 years. Stone locations were non-lower pole in 
81.2% of cases and lower pole for the remaining 18.8% of cases. Median stone size was 
1.2 cm with three as the median number of stones per patient. Calcium oxalate was the most 
common stone composition (56.3%). Positions of the diverticulum were anterior calyx 
(34.4%) and posterior calyx (50%), while the remainder were undetermined (incomplete 
data). Average length of the diverticular neck was 0.4 cm. Mean operative time was 46 
minutes and mean hospital stay was 2.9 days. Complications included fever in three patients 
(9.3%) and sepsis in two patients (6.3%), with overall post-operative stone-free rate at 75%. 
Factors significantly affecting stone-free status were stone size (P=0.003) and length of 
diverticular neck (P=0.038). Multivariate analysis determined that only stone size had 
a statistically significant effect on post-operative stone-free status (P=0.015). Cut off point 
for stone size that increased the chances of a post-operative stone-free outcome was less than 
1.5 cm, as determined by the ROC curve.
Conclusion: RIRS was found to be an effective and safe treatment option for the removal of 
calyceal diverticular calculi. Stone size of less than 1.5 cm offered a better chance of post- 
operative stone-free condition.
Keywords: calyceal diverticular calculi, retrograde intrarenal surgery, endoscopy

Introduction
A calyceal diverticulum is a urothelium-lined cystic dilatation of the renal collecting 
system. This presents as an uncommon anatomic abnormality of the kidney with 
incidence of about 4.5 per 1000 population.1 However, 9.5–50% of calyceal diverti
cula are associated with internal calculi formation that appear to be caused by 
anatomical obstruction and urine stasis.1–3 The disease occurs more commonly in 
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women than in men.2,3 Nowadays, the treatment option with 
the optimal post-operative stone-free rate is percutaneous 
nephrolithotomy (PCNL),4,5 whereas retrograde intrarenal 
surgery (RIRS) is an optional treatment for small calculi 
located in the upper and middle calyces.5

Recently, stone management using the endourological 
technique has become more advanced, thus RIRS can now 
treat large calyceal diverticular calculi in the lower calyx 
with improved treatment outcomes. Previous studies deter
mined that the stone-free rate of treating calyceal diverticular 
calculi by RIRS was 85%.6 However, to the best of our 
knowledge, there are no published reports concerning the 
factors that affect the post-operative stone-free rate for RIRS.

Therefore, this study was conducted to identify factors 
affecting treatment outcomes of calyceal diverticular cal
culi by RIRS.

Materials and Methods
This study was approved by the Ethics Committee of the 
Faculty of Medicine Siriraj Hospital, Mahidol University, 
Thailand, protocol number 738/2560(EC3). In this IRB cer
tificate of approval for the study, patient consent was waived 
for this retrospective study due to a retrospective study pro
tocol in Siriraj Hospital. However, all patient data retained 
confidentiality and compliance with the Declaration of 
Helsinki. Charts of patients with renal diverticular calculi 
who underwent RIRS at Siriraj Hospital from August 2015 
to May 2019 were retrospectively reviewed. All surgical 
procedures were performed by the same experienced urolo
gist. Each patient was diagnosed before the operation by 
a computerized tomography (CT) scan or intravenous pyelo
graphy (IVP) to evaluate the calculi and calyceal diverticu
lum. RIRS was considered to be the first option for all cases. 

Under general anesthesia, all patients were treated using 
flexible ureterorenoscopy (f-URS) and holmium YAG laser 
lithotripsy. Enlarging the opening of the calyceal diverticu
lum was also performed by laser before lithotripsy was con
ducted to remove the stone fragments. The location of the 
diverticulum was confirmed before using a laser to widen its 
opening by the refluxing technique comprising the contrast 
medium methylene blue. The mixture was injected through 
the ureteroscope in front of the suspected diverticular open
ing, previously confirmed by fluoroscopy, until filling the 
entire collecting system. Endoscopy with normal saline was 
continued until the methyl blue was cleared and fluid irriga
tion was then discontinued. Refluxing of the methylene blue 
was revealed from the diverticular opening (Figure 1). This 
technique is useful to identify the opening before precise 
cutting using a laser. The opening and the neck were cut 
until the ureteroscope was able to enter into the diverticulum. 
Laser lithotripsy was performed following a similar techni
que for non-diverticular calculi depending on the size of the 
stone. At the end of the procedure, a contrast study was 
performed to evaluate the diameter of the diverticular neck 
and confirm that there was no leakage. A double-J stent was 
retained while the upper coil was inside the diverticulum 
(Figure 2). The stent was removed at the first follow-up, 2 
weeks after the operation. Ultrasonography or KUB film was 
performed to determine the stone status by radiologists as 
a matter of routine. KUB film was used to evaluate opaque 
stones, while ultrasonography was used to evaluate non- 
opaque stones. Stone-free status described no post- 
operative residual stones.

Demographic, diverticular, and stone data were col
lected. All patients were categorized into two groups as 
stone-free and remaining with residual stones. Data from 

Figure 1 A refluxing technique with methylene blue was used to identify the diverticular opening. (A) Suspected opening. (B) Refluxing of methylene blue through the 
opening.
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both groups were analyzed to identify factors associated 
with stone-free outcomes.

Statistical analysis was conducted using PASW (SPSS) 
Statistics version 18.0 software. Demographic data were 
presented as mean±SD. In the case of a normal distribu
tion, independent sample t-test, Fisher’s exact test, and 
Pearson’s chi-square were used to compare the results 
between both groups using a P-value of less than 0.05 to 
determine statistical significance. An ROC curve was used 
to determine the cut-off point of stone size and length of 
diverticular neck on post-operative stone-free outcome. 
Logistic regression for multivariate analysis was used to 
identify the statistically significant factors that affected the 
stone-free rate.

Results
Thirty-two patients were enrolled in this study, with demo
graphic data shown in Table 1. Ten patients (31.3%) were 
male and 22 (68.8%) were female. Mean age was 55.7 
years old and the most common presenting symptom was 
pyuria.

Stone location was non-lower pole in 81.2% of cases 
and lower pole for the remaining 18.8% of cases. Overall 
median stone size was 1.2 cm, with the median number of 
stones per patient being three. The most common stone 
composition was calcium oxalate (56.3%), followed by 
calcium phosphate (25%). Positions of calyceal diverticu
lum were 34.4% anterior, 50.0% posterior, and 15.6% 
unknown (incomplete data). Stones located in the anterior 
and posterior diverticulum had median cumulative sizes of 
1.21.6 cm respectively, while the average length of the 
diverticular neck was 0.4 cm.

Mean operative time was 46 minutes and mean hospital 
stay was 2.9 days, with an average follow-up time of 2.3 
weeks. Incidence of complications after surgery was 
15.6% (Table 2). Three patients (9.3%) had post- 
operative fever and two patients (6.3%) developed sepsis. 
All these patients were successfully treated with 

Figure 2 At the end of the procedure, a contrast study was performed and a double-J stent was retained inside the diverticulum. (A) Diverticular neck after widening. (B) 
Upper coil of double-J stent was in the diverticulum.

Table 1 Demographic Data

Characteristics Numbers

Sex
● Male; n (%) 10 (31.3)

● Female; n (%) 22 (68.8)

Age; mean (min–max) 55.7 years (28–77)

Stone positions

● Non-lower pole; n (%) 26 (81.2)

● Lower pole; n (%) 6 (18.8)

Stone size; median (min– max) 1.2 cm (0.3– 10.5)

Number of stones; median (min–max) 3 (1–10)

Stone compositions

● Calcium oxalate; n (%) 18 (56.3)

● Calcium phosphate; n (%) 8 (25)

● Uric acid; n (%) 2 (6.3)

● No data; n (%) 4 (12.5)

Diverticulum positions Stone size

● Anterior; n (%); median (min–max) 11 (34.4); 1.2 cm (0.5–10.5)

● Posterior; n (%) 16 (50); 1.6 cm (0.5–4.0)

● Unknown; n (%) 5 (15.6); 0.7 cm (0.3–1.6)

Length of diverticulum; mean (min–max) 0.4 cm (0.2–1.2)

Operative time; mean (min–max) 46 minutes (15–90)

Hospital stay; mean (min–max) 2.9 days (1–14)

Complications; n (%) 5 (15.6)

Follow-up time; mean (min–max) 2.3 weeks (2–4)

Stone-free; n (%) 24 (75)
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antibiotics. There was no major ureter injury related to 
f-URS, and the stone-free rate after the operation 
was 75%.

Factors affecting stone-free status included stone size, 
stone position, position of diverticulum, and length of diver
ticular neck, measured from the opening to the diverticulum 
(Figure 3). Stone size and diverticular neck length were 
evaluated utilizing the ROC curve to determine the optimal 
cut-off point. For stone size, this was 1.5 cm with sensitivity 
of 75% and specificity of 87.5% (Figure 4), while the 
optimal length of the diverticular neck was 0.4 cm with 
sensitivity and specificity of 70.875% (Figure 5). These 
factors were compared between the stone-free group and 
the residual stone group, with results shown in Table 3. 
There were statistically significant differences for stone 
size (P-value=0.003) and length of diverticular neck 
(P-value=0.038), while no statistically significant differ
ences were recorded for stone location (P-value=0.625) 
and position of diverticulum (P-value=1.000). However, 
multivariate analysis revealed that only stone size was 
statistically significant (P-value=0.015), as shown in 
Table 4.

Discussion
In recent years, PCNL has been accepted as the first-line 
treatment of calyceal diverticular calculi, while RIRS was an 
optional procedure for small stones located in the upper or 
middle calyx. Bas et al7 reported that the overall stone-free 
rate for PCNL was 82.8%, with 62% of stones in the lower 
calyx, while the overall stone-free rate for URS was 76%, 

Table 2 Complications

Complication Incidence

Fever; n (%) 3 (9.3)
Sepsis; n (%) 2 (6.3)

Figure 3 The length of the diverticular neck was measured from the opening to the 
diverticulum.

Figure 4 ROC curve, optimal cut-off point of stone size.

Figure 5 ROC curve, optimal cut-off point of diverticulum neck length.
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with 80% of stones in the non-lower calyx. In our study, total 
stone-free rate was 75%, which included 18.8% of lower pole 
calculi. There was no patient selection and all of the diverti
cular calculi patients underwent RIRS as the first treatment, 
including both favorable and unfavorable outcomes. 
However, post-operative stone-free rates were 94.7% for 
stones with a diameter less than 1.5 cm and 89.5% for stones 
located in the diverticulum, with a diverticular neck length of 
less than 0.4 cm, regardless of the calyceal location. The 
diverticular neck length was considered to be a factor affect
ing stone-free status, as a longer neck length caused misdir
ection in laser cutting from the opening to the diverticulum. 
However, a stone diameter of less than 1.5 cm was the only 
significant factor affecting stone-free rates according to mul
tivariate analysis.

Previous studies reported that an anteriorly located 
diverticulum is difficult to manage by PCNL due to the 
longer distance or inaccessible angle.1,8 Significant hemor
rhage is one of the complications when the tract has to 
traverse through the renal parenchyma to access anterior 
lesions.8,9 Percutaneous access is commonly preferred for 

a posterior diverticulum as a direct puncture to reach the 
stone.7,10 In this study, 34.4% of cases had the diverticu
lum located in the anterior position, with stones at 
a median size of 1.2 cm. The success rate for anterior 
diverticula was 72.7% stone-free, although this was not 
statistically different from the posterior case. Thus, it was 
worthwhile to consider RIRS as a procedure for diverti
cular calculi located in the anterior calyx.

After stone removal, destroying the diverticular mucosa 
to prevent recurrent stasis of urine in the diverticulum was 
recommended, especially for percutaneous access. For retro
grade access, after widening the diverticular neck, urine was 
able to pass into the calyx as an internal shunt; therefore, 
here, the mucosa of the diverticulum were not destroyed. 
A ureteral stent was retained in all cases. The upper coil of 
the stent was located in the diverticulum to drain the urine, 
while the stent passed through the diverticular neck to pre
vent stenosis. The mean follow-up period in this study was 
2.3 weeks with no diverticulum recurrence. However, 
a longer follow-up is recommended to ensure no further 
diverticulum recurrence.

The occurrence of complications in this study was similar 
to levels reported in previous studies5,11-13 at 15.6%. The 
most common complication was fever (9.3%) followed by 
sepsis (6.3%). These were successfully treated by antibiotics 
without further intervention being required. The rate of infec
tious complications in this study was comparable to that of 
RIRS for kidney stones without diverticulum.14,15

Our results indicated that RIRS achieved a 94.7% post- 
operative stone-free result for stones less than 1.5 cm in 
diameter, regardless of diverticulum position.

There were some limitations in this study. These 
included bias, which is inevitable in a retrospective 
research study, incomplete data, and a small number of 
patients due to low incidence of the disease.

Conclusions
RIRS is a treatment option for treating calyceal diverticu
lar calculi. Stone size less than 1.5 cm was a factor in 
achieving optimal post-operative stone-free rate. 
A diverticular neck length of less than 0.4 cm had 
a higher chance of attaining a stone-free result. Operative 
outcomes for the anterior and posterior calyceal diverticu
lum were similar.

Abbreviations
RIRS, retrograde intrarenal surgery; KUB, kidneys, 
ureters, and bladder; CT, computerized tomography; IVP, 

Table 3 Outcomes

Stone Free Residual Stone P-value

Stone position 0.625

● Non-lower pole; n (%) 20 (76.9) 6 (23.1)

● Lower pole; n (%) 4 (66.7) 2 (33.3)

Stone size 0.003

● <1.5 cm; n (%) 18 (94.7) 1 (5.3)

● ≥1.5 cm; n (%) 6 (46.2) 7 (53.8)

Diverticulum position 1.000

● Anterior; n (%) 8 (72.7) 3 (27.3)

● Posterior; n (%) 12 (75.0) 4 (25.0)

Diverticular neck length 0.038
● <0.4 cm; n (%) 17 (89.5) 2 (10.5)

● ≥0.4 cm; n (%) 7 (53.8) 6 (46.2)

Table 4 Multivariate Analysis of the Factors Affecting the Stone- 
Free Rate

Adjusted OR 95% CI P-value

Stone size

● ≥1.5 cm 1 (ref)

● <1.5 cm 21.00 (1.82–242.32) 0.015

Diverticular neck length
● ≥0.4 cm 1 (ref)

● <0.4 cm 7.29 (0.83–63.79) 0.073

Abbreviations: OR, odds ratio; CI, confidence interval; ref, reference.
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intravenous pyelogram; US, ultrasound; PCNL, percuta
neous nephrolithotomy; URS, ureteroscopy; f-URS, flex
ible ureteroscopy; ROC, receiver operating characteristics; 
AUC, area under the curve.
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