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Purpose: The aim of this study was to evaluate the effectiveness of simultaneous flexible
ureteroscopic removal of stones (URS) for ureteral and ipsilateral renal stones and to
analyze the predictive factors for renal stone-free status.

Materials and Methods: We retrospectively reviewed the records of patients who under-
went simultaneous flexible URS of ureteral and ipsilateral renal stones from January
2010 to May 2012. All operations used a flexible ureteroscope. We identified 74 cases
of retrograde intrarenal surgery and 74 ureteral stones (74 patients). Stone-free status
was respectively defined as no visible stones and clinically insignificant residual stones
<3 mm on a postoperative image study. Predictive factors for stone-free status were
evaluated.

Results: The immediate postoperative renal stone-free rate was 70%, which increased
to 83% at 1 month after surgery. The immediate postoperative ureteral stone-free rate
was 100%. Among all renal stones, 15 (20.3%) were separately located in the renal pel-
vis, 11 (14.8%) in the upper calyx, 15 (20.3%) in the mid calyx, and 33 (44.6%) in the
lower calyx. The mean cumulative stone burden was 92.22+105.75 mm?®. In a multi-
variate analysis, cumulative stone burden <100 mm® was a significant predictive fac-
tor for postoperative renal stone-free status after 1 month (p<0.01).

Conclusions: Flexible URS can be considered simultaneously for both ureteral and re-
nal stones in selected patients. Flexible URS is a favorable option that promises high
stone-free status without significant complications for patients with a stone burden
<100 mm®.
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INTRODUCTION

Ureteroscopy has been established as a minimally invasive
modality for treating ureteral calculi, and ureteroscopic re-
moval of stones (URS) results in a better chance for stone
clearance with a single procedure, even for proximal ure-
teral stones sized > 10 mm [1]. Moreover, advances in dis-
tal-tip deflection, improved scope durability, decreases in
scope diameter, improved light diffusion, and extended
field of vision and the advent of the holmium:yttrium-alu-
minium-garnet (YAG) laser have expanded the role of flexi-
ble ureteroscopy from a diagnostic to a therapeutic proce-

Korean Journal of Urology
© The Korean Urological Association, 2013

dure similar to retrograde intrarenal surgery (RIRS).
Flexible URS has become a safer and more established mo-
dality for treating any type of urinary stone, and its in-
dications have been extended [2-4].

Multiple stones are found in 20% to 25% of patients with
urolithiasis. In cases with multiple stones, 29% to 36% of
patients have ureteral stones with renal stones simulta-
neously [5-8]. On the basis of a 40% to 50% stone-free rate
(SFR) for extracorporeal shock wave lithotripsy (ESWL) in
patients with multiple stones [6], questions are being
raised about the effectiveness of ESWL for these patients.
More advantages can be realized compared with ESWL if
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ureteral and renal stones can be managed simultaneously
with advance ureteroscopic techniques including RIRS, al-
though it may be a more invasive procedure. No study has
investigated simultaneous treatment for ureteral and re-
nal stones, and no established guidelines are available for
treating ureteral and coexistent renal stones [1].

Our hypothesis was that the more advanced flexible URS
would be a successful treatment option for selected pa-
tients with ureteral and renal stones. To test this hypoth-
esis, we investigated the effectiveness of flexible URS for
treating ureteral and ipsilateral renal stones by evaluating
SFRs and associated complications. We further analyzed
the predictive factors for renal stone-free status in our
cases.

MATERIALS AND METHODS

We performed a retrospective analysis of 74 patients who
underwent flexible URS with RIRS for simultaneous treat-
ment of ureteral calculi and ipsilateral renal stones from
January 2010 to May 2012 (Fig. 1). All patients were exam-
ined by kidney-ureter-bladder abdominal radiography and
abdominal computed tomography (CT). Patients with caly-
ceal diverticular stones, a ureteral stricture, or medullary
sponge kidneys were excluded from the analysis. Each pa-
tient was evaluated for stone number, stone size, stone lo-
cation, laterality, operative time, SFR, and perioperative
complications. Renal stone size was determined by calcu-
lating cumulative stone burden. Renal stone burden was
defined as the two-dimensional area determined by multi-
plying the longest diameter by the perpendicular diameter
of the stone [9]. In cases of multiple stones, the total stone
burden (cumulative stone burden) was calculated as the
sum of the burden of each stone. Renal stones with irregu-
lar shapes such as staghorn stones were divided into sev-
eral subunits, and the burdens of each of the units were
summed [8]. Stone locations were subdivided into four
groups, including the upper calyx, mid calyx, lower calyx,
and renal pelvis.
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All surgeries were performed by one surgeon using a
7.5-Fr (Karl Storz, Tuttlingen, Germany) or an 8.4-Fr
(Olympus America Inc., Center Valley, PA, USA) flexible
ureteroscope. Patients were placed in the lithotomy posi-
tion under general anesthesia. Cystoscopy was performed
routinely before flexible ureteroscopy in all patients to
place a hydrophilic guidewire into the renal pelvis. Retro-
grade pyelography by contrast-dye fluoroscopy was per-
formed to identify urinary stones and the urinary tract.
After the passage of a safety guidewire into the renal pelvis,
a ureteral access sheath (9.5/11.5 or 12/14 Fr; Forté
Ureteral Access Sheaths, Applied Medical Resources,
Rancho Santa Margarita, CA, USA) was placed to facilitate
extraction of stone fragments according to the location of
the ureteral stone. Ureteral stones were fragmented with
a holmium:YAG laser with a 365-um fiber. Renal stone
fragments were subjected to 200- or 365-um fibers. Laser
energy and pulse frequency were varied on the basis of
stone volume. The settings were decreased once the re-
sidual mass became mobile to minimize kinetic forces and
emphasize mechanical fragmentation. Fragmented stones
were extracted by using a stone basket.

The entire collecting system was inspected by means of
flexible URS to evaluate stone clearance, and a fluoroscopic
examination with or without contrast dye was performed
to identify the presence of radio-opaque lesions or filling de-
fects at the end of the procedure. All patients were treated
conservatively with antibiotics or prolonged placement of
a 6.0-Fr double-J stent (Endo-Sof Double Pigtail Ureteral
Stent; Cook Medical, Bloomington, IN, USA) in the ureter.
After inserting the double-J stent, we pulled out the string
through the urethra from the urinary bladder pigtail side
and fixed it on the perineal area. We removed the stent from
the patient after 1 week by pulling out the stent string.
Postoperative follow-up radiographic studies including
plain X-rays or nonenhanced CT scans were obtained at 1
day and 1 month after surgery. We evaluated the immedi-
ate and postoperative 1 month SFR, and we compared the
SFR between immediately after the procedure and 1 month

FIG. 1. (A) Preoperative kidney-ureter-
bladder (KUB) abdominal radiograph
of a 37-year-old male patient. Left upper
ureteral stone and left lower calyx
stone are shown by the arrows. (B) One
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month postoperative KUB radiograph.
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postoperatively according to location, size, and number by
use of paired t-tests. Stone-free status was respectively de-
fined as no visible stones and clinically insignificant re-
sidual stones <3 mm on a postoperative imaging study. We
also investigated the complication rate of surgery and the
axillary procedure.

We analyzed predictive factors for renal SFR. In the uni-
variate analysis, the statistical significance of indications
for surgery and variables associated with stone character-
istics (sex, age, laterality, and number, etc.) in relation to
the immediate and 1-month postoperative SFRs were eval-
uated by using the chi-square test. Multivariate analysis
with logistic regression was performed to identify the com-
bined influence of these variables. Data were analyzed by us-
ing SPSS ver. 17.0 (SPSS Inc., Chicago, IL, USA). A p<0.05
was considered statistically significant.

RESULTS

Seventy-four cases of flexible URS with RIRS divided by
stone location were identified in this retrospective
analysis. Table 1 lists the patient demographics and the
baseline characteristics of the renal stones. We included 54
men and 20 women (mean age, 56.5 years; range, 26 to 81
years). The 74 ureteral stones included 46 upper ureteral
stones (62.2%), 10 mid ureteral stones (13.5%), and 18 low-
er ureteral stones (24.3%). Forty-four patients (59.4%) had
a single renal stone, and 30 (40.6%) had two or more renal
stones. In our study, multiple stones were in same location.
Among all renal stones, 15 (20.3%) were separately located
in the renal pelvis, 11 (14.8%) in the upper calyx, 15 (20.3%)
in the mid calyx, and 33 (44.6%) in the lower calyx. The
mean cumulative stone burden was 92.22+105.75 mm?,

TABLE 1. Patient demographics and characteristics of the renal
stones

Variable Value

No. of patients 74
Age (y), median (range) 56.5 (26-81)
Sex

Male 54

Female 20
Laterality

Right 26

Left 48
Location, n (%)

Renal pelvis 15 (20.3)

Upper calyx 11 (14.8)

Mid calyx 15 (20.3)

Lower calyx 33 (44.6)
Stone number, n (%)

1 44 (59.4)

>9 30 (40.6)
Cumulative stone burden (mmz), n (%)

<100 47 (63.5)

>100 27 (36.5)

with 47 cases (63.5%) with a cumulative burden of <100
mm?, 17 cases (23.0%) with a cumulative burden of >100
and <200 mm?, and 10 cases (13.5%) with a cumulative
burden of =200 mm®. The median operation time (calcu-
lated from the time of cystoscope insertion to completion
of stent placement) was 106 minutes (range, 60 to 200 mi-
nutes). The overall immediate postoperative renal SFR
was 70%, which increased to 83.8% at 1 month after
surgery. The postoperative ureteral SFR was 100% in all
cases.

Renal SFRs according to the variables analyzed are list-
ed in Table 2. SFRs in all groups increased after 1 month
compared with the immediate SFRs. When renal stone lo-
cations were subdivided into the renal pelvis, upper calyx,
mid calyx, and lower calyx, the immediate SFRs of each
group were 80.0%, 81.8%, 86.8%, and 54.5%, respectively.
After 1 month, the SFRs in each group were 93.3%, 90.9%,
93.3%, and 72.7%, respectively. The SFR of the lower caly-
ceal location increased significantly after 1 month (p=0.031)
but the differences in the SFRs of the other locations were
not significant. The SFRs of all groups increased after 1
month for stone numbers of 1 and =2 (p=0.031 and p=0.125,
respectively). We divided cumulative stone burden (mm?)
into groups of <100 and =100 to compare the immediate
and 1-month SFRs. The SFR of the >100 group increased
from 37.0% to 63.0% after 1 month (p=0.016), whereas the
SFR of the <100 group increased from 89.3% to 95.7% after
1 month without statistical significance.

The univariate analysis of postoperative SFRs on the ba-
sis of the variables analyzed is shown in Table 3. The SFR
according to cumulative stone burden was 89.3% in the
<100 mm® group when compared with the corresponding
decrease (37.0%) in the =100 mm” group (p<0.01). The
SFR was significantly lower for stones located in the lower
calyx than for stones located elsewhere (54.5% vs. 82.9%,
respectively, p<0.01). The significant variables identified
in the univariate analysis (the factors for which both the

TABLE 2. Immediate and 1 month postoperative stone-free rates

Postoperative stone-free rate

Variable p-value®
Immediate 1 Month
Location
Renal pelvis 12/15 (80.0) 14/15 (93.3) 0.500
Upper calyx 9/11 (81.8) 10/11 (90.9) 1.000
Mid calyx 13/15 (86.6) 14/15 (93.3) 1.000
Lower calyx 18/33 (54.5) 24/33 (72.7) 0.031
Stone number
1 36/44 (81.8) 42/44 (95.4) 0.031
>2 16/30 (53.3) 20/30 (66.7) 0.125
Cumulative stone
burden (mm?)
<100 42/47 (89.3) 45/47 (95.7) 0.250
>100 10/27 (37.0) 17/27 (63.0) 0.016

Values are presented as number (%).
“McNemar's test.
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TABLE 3. Univariate analysis of variables and immediate and 1 month postoperative SFRs

Immediate postoperative SFR

1 Month postoperative SFR

Variable No. of cases
No. (%) p-value No. (%) p-value
Sex 0.591 0.381
Male 54 37 (68.5) 44 (81.5)
Female 20 15 (75.0) 18 (90.0)
Age 0.613 0.531
<56 37 25 (67.6) 30 (81.1)
>56 37 27 (73.0) 32 (86.5)
Laterality 0.360 0.887
Right 26 20 (76.9) 22 (84.6)
Left 48 32 (66.7) 40 (83.3)
Stone number <0.01 <0.01
1 44 36 (81.8) 42 (95.5)
>9 30 16 (53.3) 20 (66.7)
Location <0.01 0.021
Renal pelvis, upper or mid calyx 41 34 (82.9) 38(92.7)
Lower calyx 33 18 (54.5) 24 (72.7)
Cumulative stone burden (mm?) <0.01 <0.01
<100 47 42 (89.3) 45 (95.7)
>100 27 10 (37.0) 17 (63.0)

SFR, stone free-rate.

TABLE 4. Multivariate analysis of variables and immediate and 1 month postoperative stone-free rates

Immediate postoperative SFR

1 Month postoperative SFR

Variable 95% CI 95% CI1
OR p-value OR p-value
Lower Upper Lower Upper
Stone number (1 vs. >2) 1.719 0.421 0.459 6.433 5.265 0.063 0.913 30.352
Location® 4.783 0.022 1.248 18.328 3.793 0.100 0.776 18.544
Cumulative stone burden (mm? 14.072 <0.01 3.524 56.200 8.134 0.018 1.436 46.083

(<100 vs. =100)

SFR, stone-free rate; OR, odds ratio; CI, confidence interval.
#Renal pelvis, upper and mid calyx vs. lower calyx.

immediate and the 1-month SFR were p <0.05) were in-
cluded in the multivariate analysis. In the multivariate
analysis, stone location in the renal pelvis, upper calyx, or
mid calyx (odds ratio [OR], 4.783; p=0.022) and cumulative
stone burden <100 mm? (OR, 14.072; p<0.01) were sig-
nificant predictive factors for immediate renal SFR, where-
as stone location in the renal pelvis, upper calyx, or mid ca-
lyx after 1 month was not significant (p=0.100) (Table 4).

No major intraoperative complications including ureter-
al perforation were identified. Three minor complications
(5.2%) occurred, including two cases (3.4%) of febrile uri-
nary tract infection and one case (1.7%) of postoperative pa-
ralytic ileus. These patients were successfully treated
conservatively. None of the patients had a transfusion or
subcapsular hematoma. We performed no additional pro-
cedures for double-J stent removal because the double-J
stent string was removed easily. This did not require a cys-
toscopic procedure. After 1 month, 12 cases had residual
renal stones. Two patients who had stones larger than 4
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mm decided to undergo additional ESWL and the stones
were completely destroyed. The other cases were concluded
under close observation.

DISCUSSION

Since its appearance at the beginning of the 1980s [10],
ESWL has been the least invasive and the most widely used
treatment for renal and ureteral stones, even for acute con-
ditions [11]. The possible advantages of ESWL for manag-
ing urinary stones are patient acceptance, short con-
valescence, and the lack of an anesthesia requirement dur-
ing the procedure. Flexible ureteroscopes and their work-
ing devices have rapidly improved over the past several
years. URS has equivalent or superior results to SWL for
renal and ureteral stones [12]. The advantage of a flexible
ureteroscope is that it can reach all parts of the urinary
tract including the kidney. Our study evaluated the effi-
cacy of a flexible ureteroscope for treating urinary stones.
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We found that the SFRs of lower calyx stones and of large
stones increased significantly after 1 month compared
with the immediate SFR. This finding indicates that stone
fragments were passed during the month, particularly
from the lower calyx, as a result of anatomical specificity,
and that the large stones were passed as a result of the
small fragments produced by the holmium:YAG laser.
Small stone fragments that could not be captured by a stone
basket were left and took time to spontaneously pass; thus,
we believe that the exact SFR may be 1 month after surgery,
particularly for lower calyx and large stones.

The overall ureteral SFR with the use of flexible URS was
100% in our study. Although there were insufficient data
to compare flexible and rigid URS for proximal ureteral
stones statistically, favorable SFRs have been reported us-
ing flexible URS (87%) compared with rigid or semirigid
URS (77%) [13]. Cohen et al. [14] reported a 97% (31/32)
SFR for flexible URS of proximal ureteral stones. Our study
supports that the use of flexible URS for ureteral stones is
areliable treatment choice. The overall renal SFR after 1
month was 83.8%, which was similar to that of previous
RIRS studies [15,16]. We conducted URS with RIRS; thus,
ureteral stone treatment did not affect the renal SFR. Lim
at el. [8] reported no significant correlation between the re-
nal SFR and the presence of combined ureteral stones.
However, the average operation time in the present study
was 106 minutes, which is longer than in previously pub-
lished RIRS series [4,17,18]. We hypothesize that this was
because of the time taken for ureteral stone and renal treat-
ment and that these operative times may be more accept-
able compared with repeat ESWL.

Similar to other studies, we observed that larger stone
size was associated with a lower SFR (SFR of >100 was
63.0%, or 17/27, after 1 month) [8,19]. This is a major dis-
advantage of RIRS in that multiple procedures may be re-
quired to clear a large stone. Takazawa et al. [20] reported
successful outcomes from RIRS for renal stones =2 c¢m, in-
cluding SFRs for preoperative stone sizes of 2 to <4 cm and
>4 cm of 100% (14/14) and 67% (4/6), respectively. We be-
lieve that the SFR will probably continue to improve as the
distribution of and further technical improvements in flex-
ible URS continue.

In our study, regardless of the size and location of ureter-
al stones, the immediate SFR of ureteral stones was 100%.
Therefore, we evaluated the size of renal stones, excluding
ureteral stones. We analyzed the predictive factors for re-
nal stone-free status in our cases. Larger stones =100 mm”
were an independent predictive factor of the SFR both im-
mediately after and at 1 month after surgery. Resorlu et
al. [19] published a scoring system predicting the SFR after
RIRS. They reported that larger stones are a significant
predictive factor of the SFR in RIRS. Additionally, Ito et al.
[21] reported that in a univariate analysis, larger stones
were a predictive factor of the SFR in RIRS. We think that
this may have originated from technical difficulties with
larger stones and the prolonged time to treat small stones.
However, many studies have reported that larger stones

can be removed by RIRS with more advanced techniques
and instruments, and our SFR has been increasing accord-
ing to increased surgical skill (data not shown) [14,20].
Therefore, if we evaluate predictive factors after we gain
alarger surgical volume, we believe that we will overcome
the difficulties with these larger stones.

The number of renal stones (single vs. multiple) in our
series was significant in the univariate analysis but was
not a predictor of the SFR in the multivariate logistic re-
gression analysis. Resorlu et al. [19] reported that stone
number is a significant predictive factor of the SFR in RIRS.
Additionally, Ito et al. [21] also reported that stone number
is a predictive factor of the SFR in RIRS in a univariate
analysis. However, their multivariate logistic regression
analysis was not significant. We think that the reason we
did not find significance in the multivariate analysis was
aresult of the technical advantage of flexible URS, and fur-
ther evaluation with a larger number of patients is needed.
Furthermore, stone location in the lower calyx was sig-
nificant for immediate SFR in the multivariate logistic re-
gression analysis but was not significant after 1 month. We
suggest that stone location in the lower calyx is not a pre-
dictive factor when SFR is evaluated 1 month after the
operation. Stone location in the lower calyx was a sig-
nificant predictive factor of the SFR in other studies [8,22].
It is believed that lower calyx stones are more difficult to
treat than are stones located in other kidney regions be-
cause of technical difficulties in accessing them. We ex-
cluded patients with anatomical abnormalities. We sug-
gest that this difference was mainly attributable to two
causes. First, there have been improvements in the flexible
ureteroscope, its working devices, and surgeon operation
skill. Second, stones may need time to pass from the urinary
tract. Therefore, we believe that stone location is not a pre-
dictive factor for URS with RIRS.

No increased complication rate was observed in the pres-
ent study, although ureteral and renal stones were oper-
ated on simultaneously. Only three minor complications
occurred (5.2%). Other studies reported complication rates
of 4.6% to 7.7% following RIRS including multiple stones
[15,16,23]. The present results further reinforce that si-
multaneous URS is a favorable option for multiple stones
at experienced institutions. We removed the double-J stent
by using the string pulling method as described in the
Methods in all of our cases. This procedure is less painful
than removal through a cystoscope and eliminates the ad-
verse effects of a cystoscopic procedure.

Under the current health insurance system in Korea, the
payment for simultaneous endoscopic treatment for ure-
teral and ipsilateral renal stones has advantages, because
major and minor surgeries are considered. In these cases,
renal stone treatments are minor surgery, and payment for
operating on these stones is reduced by half. In this respect,
if patients choose surgical interventions in our specific cas-
es, they will benefit from cost-effectiveness.

Several limitations should be discussed. Our results are
based on a relatively small sample size and this was a retro-
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spective review. Because of the retrospective design, con-
founding factors and measurement bias cannot be reduced
as much as they could be in a prospective, randomized
study. Another limitation of this study was the involve-
ment of only a single medical center. Additional studies
from multiple centers are thus warranted.

CONCLUSIONS

Flexible URS can be considered a simultaneous treatment
for both ureteral and renal stones in selected patients.
Flexible URS is a favorable option that promises a high SFR
without significant complications for patients with a stone
burden <100 mm?”.
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