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Abstract To evaluate the outcome of RIRS in manag-
ing symptomatic calyceal diverticular as a minimally inva-
sive option, we retrospectively reviewed the records of 43
patients who underwent RIRS from 2005 to 2014 for symp-
tomatic calyceal diverticular stones. A month after the ini-
tial operation, the success rate was (81.4 %, 35 patients)
of which 21 (48.83 %) patients were stone free and 14
(32.6 %) patients had clinically insignificant residual frag-
ments (CIRFs), and 90 % patients were symptom free.
Eight patients (16.6 %) had significant residual fragments
(>3 mm), five of them became completely stone free after
the second procedure, other three patients were symptom
free and underwent a routine follow-up. The final treat-
ment success rate was 93.0 %. The initial success rate in
the lower calyx was significantly lower than the other cal-
ices (P = 0.040). In addition, the association between the
stone size and the initial treatment success was significant
(P = 0.036). There was no association between any of our
other variables and the success rate. The mean first opera-
tive time was 60.95 £ 12.43 min (range 34-92). No major
complication (Clavien III-V) occurred, although there
were five minor complications (11.6 %) (Clavien I-II).
There were no admissions to intensive care or deaths in our
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series, the mean hospitalization time was 1.77 4 0.80 days.
The management of calyceal diverticular calculus with
RIRS is highly effective and can be accomplished with low
morbidity.
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Introduction

Calyceal diverticula was first described by Rayer in 1841,
which is believed to originate during the fifth or sixth ges-
tational week, when developmental anomalies of the renal
vessels interfere with the degeneration of the fourth-order
collecting ducts [1]. By definition, these peripherally
located cavities are lined with transitional stratified epithe-
lium and have no secretory function. They usually commu-
nicate with a calyceal group by a neck of variable width.
Urine usually enters the cavity by retrograde passive fill-
ing. It is reported that calyceal diverticula occur in no more
than 0.6 % of the population, but the incidence of stones
within calyceal diverticula is 10-50 % [2, 3]. Stones in the
calyceal diverticula are a rare pathologic finding in patients
with urinary stone diseases.

Indications for treatment include pain, recurrent infec-
tion, increased stone growth, hematuria or a large size that
compresses or progressively damages contiguous renal
parenchyma. As in all other stone-forming conditions,
one has to consider all treatment forms: extracorporeal
shock-wave lithotripsy (ESWL), endoscopic or pecutane-
ous procedures, laparoscopy, or open surgery, and the aim
is to remove the stone and to enlarge the diverticular neck
to avoid recurrence. Since Fuchs reported their first uret-
erorenoscopic management of stone disease in 1990, the
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treatment does not stop with evolution of the new tech-
niques in the endourologic field [4].

Due to the rare incidence of this disease, there are a
small number of published studies that show the outcomes
in patients who have been treated with RIRS. We describe
our experience with RIRS in 43 patients with symptomatic
calyceal diverticular stone.

Patients and methods
Patients

Between January 2005 and January 2014, 43 patients (28
men and 15 women) were treated for symptomatic cal-
yceal diverticular stone disease with RIRS, by the same
team at our institution. Patient selection for this interven-
tion included previously failed SWL and the preference
of patients and surgeons. All patients were preoperatively
evaluated with urine culture, serum biochemistry, urinary
ultrasonography, plain radiography, noncontrast computed
tomography (CT) or intravenous urography (IVU), or both.
The stone size was determined by measuring the maximum
diameter of the stone on noncontrast CT. In patients with
multiple renal stones, the stone size was calculated as the
sum of the greatest dimensions of each stones.

Surgical technique

Before the procedure, intravenous antibiotics were adminis-
trated. Under general anesthesia, the patient was positioned
in the lithotomy position. After draping, one hydrophilic
guidewire was placed in the renal pelvis through semirigid
ureteroscopy. A ureteral access sheath (UAS) was placed
over the hydrophilic guidewire, and the f~-URS was passed
through the UAS. When necessary, the ureteral orifice was
dilated. If the UAS failed, the f-URS was advanced into the
renal pelvis over the guidewire. Different types of flexible
ureteroscopes were used, including Flex-X (Karl Storz,
Germany), URF-P5 or URF-V (Olympus, Japan).

A manual irrigation pump was used to improve visuali-
zation. The diverticular neck was identified by f-URS, con-
trast was injected, and the fluoroscope was used to identify
the diverticulum in case of difficulties.

A 200 wm holmium laser fiber was used to incise the
diverticular neck and to fragment any diverticular stone
(Fig. 1). Incision of the diverticular neck by holmium laser
was carried out gradually and carefully with high frequency
and low energy (0.8 J, 20 Hz). The stones were fragmented
in all cases, with the holmium laser at an energy level of
0.6-1.0 J and frequency of 10-20 Hz. Some fragments
were removed using a nitinol basket for stone analysis, and
the remaining fragments, which were considered smaller
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than 3 mm, were left for the patient to pass spontaneously.
At the end of the procedure, we left a double-J stent in all
of the patients to promote stone fragment clearance and to
prevent obstruction by blood clots from laser incision and
fragmentation.

The follow-up evaluation was performed 1 month after
the initial operation, serum biochemistry, urinalysis, plain
radiography, and abdominal ultrasonography were per-
formed. CT was performed in some cases. The procedure
was considered as successful in patients with complete
stone disappearance (stone free) or insignificant residual
fragment <3 mm on plain radiography. If the procedure
was considered as successful, the pigtail stent was removed.
In patients with residual calculi and symptoms, second-
stage RIRS was performed. The same follow-up evaluation
was performed 1 month after the second procedure. Assess-
ment also was based on the presence or absence of symp-
toms and complications.

Statistical analysis was performed with the Mann—Whit-
ney, Chi-square and Fisher’ exact test using the Statistical
Package for Social Sciences, version 17.0 (SPSS, Chicago,
IL). Significance was assessed at P < 0.05.

Results

From January 2005 to January 2014, 43 patients (28 men
and 15 women) with a mean age of 47.1 £ 14.0 years
(range 15-70) underwent RIRS. The patient and stone
characteristics are listed in Table 1. The mean first opera-
tive time was 60.95 £ 12.43 min (range 34-92). No major
complication (Clavien III-V) occurred, although there
were five minor complications (11.6 %) (Clavien I-II),
which included two patients suffering from severe renal
colic and three patients experienced postoperative fever.
There were no admissions to intensive care or deaths in our
series; the mean hospitalization time was 1.77 & 0.80 days.
1 month after the initial operation, the success rate was
(81.4 %, 35 patients) of which 21 (48.83 %) patients were
stone free and 14 (32.6 %) patients had clinically insignifi-
cant residual fragments (CIRFs). Eight patients (16.6 %)
had significant residual fragments (>3 mm), five of them
became completely stone free after the second procedure,
three patients were symptom free and underwent a routine
follow-up. The final treatment success rate was 93.0 %
(Table 2). All patients received routine follow-up every
year with ultrasonography and plain radiography; there was
no stone recurrence. We found that the initial success rate
in the lower calyx was significantly lower than the other
calices (P = 0.040). In addition, the association between
the stone size and the initial treatment success was signifi-
cant (P = 0.036). There was no association between any of
our other variables and the success rate (Table 3).
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Fig. 1 Incision of the diver-
ticular neck, the stones were
fragmented, fragments were
removed using a nitinol basket

Discussion

Calyceal diverticula are often detected incidentally on IVU
or CT and it is reported that the incidence of calculi within
calyceal diverticula is 10-50 % [5]. As symptomatic cal-
yceal diverticula with stones is a rare disease there is no
consensus on treatment. With improving experience and
advancements in technology, various available minimally
invasive modalities offer the highest symptomatic relief and
stone-free rates [6—8]. Open surgical treatment has been
largely replaced by a number of less invasive surgical and
nonsurgical modalities. Although the stone-free rate with
ESWL is low, ranging from 4 to 20 %, and enlargement of
the diverticular neck cannot be achieved, ESWL is usually
the first choice of management for calyceal diverticula with
stones [6, 9, 10]. Streem and Yost [11] suggested that by
limiting ESWL treatment to patients with relatively small
calculi (1.5 cm) and a patent diverticular neck, stone-free
rates could be relatively high. In cases of ESWL treatment
failure, repeating the session of ESWL does not bring suc-
cess and, therefore, other methods have to be proposed.

Researches of PCNL treatment for stone-bearing calyceal
diverticula suggest that stone-free rates are 70-100 %, with
recurrence rates of 0-30 % [6, 12—17]. Despite PCNL hav-
ing the higher stone-free rate (>90 %), percutaneous man-
agement of the calyceal diverticular stones is challenging
because the space is usually narrow and identifying the
diverticular neck is often difficult. In addition, it has a
higher rate of complications compared with other modali-
ties [18]. When the diverticulum is located anteriorly,
which needs a tract that goes through more renal paren-
chyma and, hence, there is an increased risk of significant
hemorrhage. An inaccessible calyceal neck may preclude
endoscopic treatment. In such cases, laparoscopic treatment
may be a promising approach, which was first success-
fully done in 1994 by Ruckle and Segura [19], despite no
large series being reported; recently, Torricelli and Batista
reported a case of robotic-assisted laparoscopic manage-
ment of a calyceal diverticular calculus [20]. Fuchs et al.
first described a retrograde endoscopic technique to man-
age calyceal diverticular stones, reporting stone-free rates
of 73 % and symptom relief in 86 % of the patients [4].
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Table 1 Demographic data and stone characteristics (n = 43)

Table 3 Association of different variables and initial treatment failure

Variable No. % Mean + SD Minimum-maximum
Age (years) 47.1 £14.0 15-70
Gender

Female 15 349

Male 28  63.1
BMI (kg/m?) 21.7+£2.83 16.5-27.6
Symptoms

Renal colic 23 534

UTI 10 233

Renal colic and 10 233

UTI

Previous SWL 19 442
Stone side

Left 23 535

Right 20 46.5

Stone length (mm) 10.6 43 5-19

Stone number

Single 33 76.7

Multiple 10 233
Stone site

Upper pole 29 674

Middle pole 9 21.0

Lower pole 5 11.6

SD standard deviation, BMI body mass index, UTI urinary tract infec-
tion, SWL shock-wave lithotripsy

Table 2 Operative and postoperative outcomes

Variable Value

Mean operation time (min) 60.95 £ 12.43
Minor complication rate 5(11.6 %)
Mean hospitalization time (day) 1.77 £ 0.80
Initial treatment success rate 81.4 %

Final treatment success rate 93.0 %

Final symptom-free rate 100 %

Since that, ureterorenoscopic access has been used in the
management of these diseases for three decades. Retro-
grade intrarenal surgery management of stones in calyceal
diverticulum and its related problems has been shown to
be more efficacious than ESWL monotherapy and avoids
the potential complications and discomfort of percutaneous
and laparoscopic procedures.

Our series would suggest that RIRS treatment of stones
in calyceal diverticulum can be accomplished with little
morbidity. No patients experienced severe complications,
and there were no admissions to intensive care or deaths
in our series; the mean hospitalization time was 1.77 days.
These figures compare favorably with previously published
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Variable Treatment Treatment P Test
success failure
Age (years) 484 +133 41.25+16.6 0.229 Mann-Whit-
ney
Gender
Female 13(86.7 %) 2(13.3 %) 0.692 Fisher’s exact
Male 22 (718.6 %) 6(21.4 %)
BMI (kg/m?) 22.1+£28  2033+25 0.147
Symptoms
Renal colic 17 (739 %) 6 (26.1 %) 0.207 Chi-square
UTI 8 (80 %) 2 (20 %)
Renal colic 10 (100 %) 0(0 %)
and UTI
Previous SWL
Yes 16 (76.2 %) 5 (23.8 %) 0.457 Fisher’s exact
No 19 (86.4 %) 3 (13.6 %)
Stone side
Left 19 (82.6 %) 4 (17.4 %) 1.000 Fisher’s exact
Right 16 (80 %) 4(20.0 %)
Stone length 9.9 + 0.4 13.4 £0.39 0.036 Mann—Whit-
(mm) ney
Stone number
Single 29 (87.9 %) 4 (12.1 %) 0.070 Fisher’s exact
Multiple 6 (60 %) 4 (40.0 %)
Stone site
Upper pole  25(86.2%) 4 (13.8 %) 0.040 Chi-square
Middle pole 8 (88.9 %) 1(11.1 %)
Lower pole 2 (40.0 %) 3 (60.0 %)

series of PCNL treatments. Our data showed one-session
treatment success rate was 81.4 %, which was similar with
those reported by others and was lower than those treated
by PCNL [8, 21]. But the final treatment success rate after
second surgery was 93 %, which was similar with those
treated by PCNL. The development of high-definition
f-URS may have increased its therapeutic potential, allow-
ing us to obtain the best outcome, because we found the
traditional fiber flexible ureteroscope provided a very dim
image, especially in those bleeding cases. As many other
studies had shown, in our study the stone size was an inde-
pendent variable that affected the stone-free rate, but which
could be improved by second procedure. It was documented
that the rate of lower pole calyceal diverticula was 10-43 %
in different studies [6, 8, 22]. Some studies described dif-
ficulties in accessing the lower pole calyceal diverticula,
and retrograde treatment of such diverticula is associated
with a significantly lower success rate in some patients
[21, 23]. Our study shows the same results; patients with
calyceal diverticular stones located in low renal pole were
difficult to treat with RIRS. Unlike previous studies, Majed
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and colleagues described that the success rate in the lower
calyx was relatively low compared with the other calices
but without significant value. And whatever the location of
the calyceal diverticula, they believed RIRS should be pro-
posed as first-line therapy for stone-bearing diverticula with
moderate stone burden [8]. Recently, Desai and colleagues
described a micro-PCNL technique with reduced bleed-
ing, length of hospital stay and improved analgesia when
compared with standard PCNL, in which renal access and
stone fragmentation are performed in a single step using
a 4.85-F “all-seeing” needle [24]. Then they reported that
Microperc is a safe and effective alternative to RIRS for the
management of small renal calculi (<1.5 cm) and has simi-
lar stone clearance and complication rates when compared
to RIRS [25]. This could be an interesting technique in the
treatment of stones in calyceal diverticula especially in the
lower pole, although there is no literature on this yet.

Identification and incision of the neck of calyceal diver-
ticulum was a key step in our procedure. There was an
endoscopic classification for calyceal diverticula: large
neck; narrow and short neck; narrow and long neck; closed
neck [26]. We recommended RIRS for management of cal-
yceal diverticula with the first and second type, retrograde
ureteropyelography can be used to find the neck of diver-
ticulum. It is too difficult to find and incise the closed neck
of diverticulum. The lower pole diverticulum with a long
neck makes f-URS access difficult. Using the holmium
laser to incise the diverticular neck provides wide exposure
of the stone and enhances elimination of the stone later.
It was important to avoid bleeding which obscured vision
during the incision of the neck of diverticulum. Although
the green light laser may be safer than the holmium laser in
theory, it was in short supply in our hospital. We performed
incision at a low-energy setting to avoid hemorrhage with a
200 pm holmium laser fiber (0.8w/Hz, 20 Hz) and manual
irrigation.

As we know, the present study is the largest series
involved in stones with calyceal diverticula that have been
treated by RIRS, but our study has obvious limitations: the
definition of stone free is a fragment no more than 3 mm,
not no stones. Due to the rare prevalence of this disease, the
most important limitation is that our study is single central,
retrospective and statistically limited, so a large number
of multicenter randomized controlled trials of high quality
are still required to explore the different outcomes between
RIRS and other techniques.

Conclusion

We demonstrate the feasibility, safety and effectiveness
of stones with calyceal diverticula treated by RIRS. This

technique should be considered as a first-line treatment of
this pathology.
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