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Purpose: To report the outcome of laparoscopic pyelo- and ureterolithotomies with the
aid of flexible nephroscopy.

Materials and Methods: A retrospective analysis was performed in 71 patients with
complex renal stones or large and impacted proximal ureteral stones. Patients under-
went laparoscopic pyelo- or ureterolithotomies with or without the removal of small
residual stones by use of flexible nephroscopy between July 2005 and July 2010.
Operative success was defined as no residual stones in the intravenous pyelogram at
12 weeks postoperatively. Perioperative results and surgical outcomes were analyzed.
Results: The patients’ mean age was 54.7+13.7 years, and 53 males (74.6%) and 18 fe-
males (25.4%) were included. The mean maximal stone size was 19.4+9.4 mm. A total
of 47 cases were complex renal stones and 24 cases were impacted ureteral stones. Mean
operative time was 139.0+63.7 minutes. Stones were completely removed in 61 cases
(85.9%), and no further ancillary treatment was needed for clinically insignificant re-
sidual fragments in 7 cases (9.9%). For complex renal stones, the complete stone-free
rate and clinically significant stone-free rate were 80.9% and 93.6%, respectively.
Multivariate analysis showed that the use of flexible nephroscopy for complex renal
stones can reduce the risk of residual stones. A major complication occurred in one case,
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INTRODUCTION

Recently, patients with urinary stones have mostly under-
gone extracorporeal shock-wave lithotripsy (ESWL), ureter-
orenoscopic lithotomy, or percutaneous nephrolithotomy
(PNL). The stone clearance rate of ESWL monotherapy or
PNL ranges from 50% to 80%, which is considered to be rela-
tively low [1,2]. Determining treatment methods becomes
even more difficult in patients with complex renal stones
because of the anatomic complexity of the renal pelvis and
calyces. This difficulty increases the risk of residual stones.
Therefore, open stone surgery, despite its invasiveness
[3,4], remains a viable option in patients with complex re-
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nal stones for maximizing stone clearance rates [5].
However, PNL is preferred because of the extensive scar
tissue formation that results from open surgery.
Laparoscopic surgery is currently not a preferred proce-
dure among urologists, and the role of laparoscopic surgery
has not been well established [6]. However, laparoscopic
stone surgery is still considered to be a safer option than
open surgery in cases of failed endourologic management,
complex renal calculi, or large and impacted proximal ure-
teral stones [7]. In such complex cases, even laparo-
scopic-assisted PNL has been discussed to achieve max-
imum stone clearance rates [8]. Some studies have also
demonstrated that stone clearance rates with the use of
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flexible equipment in laparoscopic stone surgery vary from
71% to 100% [6-8]. The present study attempted to report
the surgical outcome of laparoscopic pyelo- and ureter-
olithotomies with or without the aid of flexible nephroscopy.

MATERIALS AND METHODS

1. Perioperative results

A retrospective analysis was performed in 71 patients with
complex renal stones or large and impacted proximal ure-
teral stones who underwent laparoscopic surgery between
July 2005 and July 2010. We defined complex stones as a
primary renal pelvis stone accompanied by multiple stones
scattered in multiple calyces. Approval for this study was
granted by the Institutional Review Board of SMG-SNU
Boramae Medical Center. All patients underwent laparo-
scopic pyelo- or ureterolithotomies with or without re-
sidual stone removal by use of flexible nephroscopy.
Preoperative evaluation included taking a medical history,
a physical examination, serum creatinine and hemoglobin
measurement, urine analysis and culture, and intra-
venous pyelogram or computed tomography scan. We re-
viewed operative and perioperative outcomes according to
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the use of flexible nephroscopy. The postoperative presence
of residual stones and complications were also evaluated.
Postoperative serum creatinine was checked 2 weeks after
surgery, and operative success was defined as no residual
stones in the intravenous pyelogram at 12 weeks postope-
ratively.

2. Operative technique

In all patients, prophylactic antibiotic was administered
on the day of surgery. Briefly, patients were placed in a
modified lateral decubitus position after general
anesthesia. Both the surgeon and an assistant were located
in front of the patient’s abdomen, into which Xcel bladeless
trocars (Ethicon Inc., Somerville, NJ, USA) were inserted.
Three or four ports were used with a 12-mm camera port
at the level of the umbilicus just lateral to the border of the
rectus abdominis muscle, as well as 12-mm and 5-mm
working ports at the anterior axillary line or subcostal area
just next to the border of the rectus abdominis muscle. If
necessary, an additional 5-mm port was placed for liver
traction while performing stone surgery in the right kidney
(Fig. 1). The open Hasson’s technique was preferred to the
Veress needle technique for the placement of the camera

@
Right kidney

5mm

12 mm 12 mm

U 5 mm

©)
Left kidney

12 mm

5 mm 12 mm

FIG. 1. Placement of ports (A, B) for laparoscopic stone surgery in the right (C) and left (D) kidneys.
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FIG. 2. Stone removal using laparoscopic graspers or right-angled clamps via an incision site (A) and the use of flexible nephroscopy

to pick up residual stones (B).

port. In most of the operations, the transperitoneal ap-
proach was used to increase the accessibility of the low-
er-anterior calyx. After pneumoperitoneum was achieved,
the white line of Toldt was incised and the colon was re-
flected medially. Then perirenal dissection was performed
to identify the renal pelvis, ureter, and renal pedicle. A pye-
lotomy or ureterotomy incision was then made with a blade.
This incision was extended to a length sufficient for stones
to be picked up by a laparoscopic grasper (Fig. 2A). An addi-
tional lithoclast was used in one case to fragment a rela-
tively large stone that could not be retracted. After the main
stone was removed, flexible nephroscopy was used with a
trocar and pyelotomy to look for and pick up stones scat-
tered in multiple calyces if these were suspected on the ba-
sis of the preoperative imaging study (Fig. 2B). If a residual
stone was detected, a stone basket was used via flexible
nephroscopy. Stones were removed by using a specimen re-
trieval bag and were extracted from the body through the
12-mm working port. After removal of the stone fragments,
a decision was made to place a ureteral stent. The incision
site was repaired by use of 4-0 absorbable sutures. A drain
was placed in all patients. The Foley catheter, surgical
drain, and ureteral stent were removed 1 to 3 days, 2 to 4
days, and 2 to 4 weeks after surgery, respectively.

3. Statistical analysis

Data were expressed as meanszstandard deviations.
Surgical outcomes according to the use of flexible nephro-
scopy were analyzed by use of chi-square tests. Logistic re-
gression analysis was performed to find the clinically sig-
nificant predictors in determining operative success.
Values were considered to be statistically significant when
p<0.05. All statistical analyses were performed by using
commercially available PASW Statistics ver. 18.0 (SPSS
Inc., Chicago, IL, USA).

TABLE 1. Baseline characteristics of the study subjects

Characteristic Value
Demographic data
Age (y) 54.7+13.7 (18-81)
Gender
Male 53 (74.6)
Female 18 (25.4)

Hospital stay (d)
Stone characteristic
Max size (mm)

4.2+1.7 (2-11)

19.4+9.4 (10-50)

Laterality
Right 38 (53.5)
Left 33 (46.5)
Location
Renal pelvis only 44 (62.0)
Ureter only 24 (33.8)
Pelvis and ureter 3(4.2)
Multiplicity
Single or staghorn 36 (50.7)
Multiple 35 (49.3)

Values are presented as meantstandard deviation (range) or
number (%).

RESULTS

Table 1 shows the patient demographics and stone
characteristics. The main stones in 47 cases were complex
renal stones and the main stones in 24 cases were ureteral
stones. In total, stone clearance was successful in 61 cases
(85.9%), and no further ancillary treatment was needed to
remove residual stones in 7 cases (9.9%) because the stones
were too small to be removed (Table 2). A single case of a
residual stone occurred after surgery for ureteral stones,
and the other 9 cases occurred after surgery for complex re-
nal stones. When we assessed the operative success rates
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according to the location of the stones, the risk of residual
stones was higher after surgery for complex renal stones
than after surgery for ureteral stones with borderline sig-
nificance (odds ratio [OR], 5.4; 95% confidence interval
[CI], 0.65-45.83; p=0.086). In 47 patients with complex re-
nal stones, there were residual stones in one case (4.8%)
with and in eight cases (30.8%) without the use of flexible
nephroscopy, respectively (OR, 0.113; 95% CI, 0.01-0.99;
p=0.03). One case of venous injury occurred during our ear-
ly experiences, and in that case open conversion was per-

TABLE 2. Perioperative findings and surgical outcomes

Variable Value

Operative results
Operative time (min)
Blood loss (mL)
Flexible nephroscopy

139.0+63.7 (37-315)
75.2+£129.1 (50-740)

Used 31(43.7)

Not used 40 (56.3)
Ureteral stent

Used 26 (36.6)

Not used 45 (63.4)
Transfusion

Used 3(4.2)

Not used 68 (95.8)
Change of GFR (postoperative 2 wk) 4.5+14.8%

Surgical outcomes

Residual stone

Yes 10 (14.1)

No 61 (85.9)
Ancillary procedure

Used 3 (30.0)

Not used 7 (70.0)
Complication

No 67 (94.4)

Vein injury 1(1.49)

Bleeding 2(2.8)

Fever 1(1.4)

Values are presented as meanzstandard deviation (range) or
number (%).

GFR, glomerular filtration rate.

%:p=0.005.
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formed immediately to repair the injury. In one of two
bleeding cases, blood transfusion was performed. All other
complications were minor.

According to a univariate analysis, location of stones
(complex renal stones vs. ureteral stones), maximal size of
stones, and no use of flexible nephroscopy were significant
predictors of residual stones (Table 3). Multivariate analy-
sis showed that stones in the renal pelvis and calyces had
a 10-fold higher risk of residual stones than did ureteral
stones and that the use of flexible nephroscopy during lapa-
roscopic surgery for complex renal stones can reduce the
risk of residual stones by 10-fold. However, age, gender,
stone laterality, maximal size of stones, and multiplicity
of stones were not significant predictors in the multivariate
analysis.

DISCUSSION

The management of urinary stones has changed during the
last 30 years. Laparoscopy has gained a place and has most-
ly replaced open stone surgery. Laparoscopic ureter-
olithotomy is technically feasible with fewer postoperative
complications than open ureterolithotomy and with the
highest level of evidence (Ila). Laparoscopic ureter-
olithotomy is especially recommended for large impacted
stones in cases of failed endourologic management (grade
B) [7]. In the largest series of laparoscopic ureterolitho-
tomy to date, Simforoosh et al. [9] reported that laparo-
scopic ureterolithotomy for 123 patients with ureteral
stones resulted in a stone-free rate of 96.7%. Ko et al. [10]
reported that laparoscopic ureterolithotomy could be a pre-
ferred primary treatment modality for large proximal ure-
teral stones with ureteral stenosis or kinking rather than
ureteroscopic removal. The present study showed a high
stone clearance rate (23/24, or 95.8%) by laparoscopic
ureterolithotomy.

In the present era, however, laparoscopic pyelolithotomy
is rarely indicated despite its feasibility (III/B) [7]. PNL
was recommended to be the first-line management for stag-
horn stones by the American Urological Association [11].
However, we performed laparoscopic pyelolithotomy be-
cause it can be a viable treatment option in some cases. It

TABLE 3. Predictors of the presence of residual stones according to each clinical factor

Univariate Multivariate
Variable

HR 95% CI pvalue HR 95% CI pvalue
Age (y) 0.458
Gender (male/female) 0.830
Laterality (right/left) 0.570
Multiplicity 0.664
Maximal size (mm) 0.088 0.100
Location (complex renal stones vs. ureter stones) 5.430 1.01-1.55 0.050 10.72 1.01-114.10  0.049"
Use of flexible nephroscope 0.131 0.02-1.10 0.050 0.12 0.01-0.90 0.045"

HR, hazard ratio; CI, confidence interval.
%:p<0.05, significant.
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can be an effective option for renal stones with concomitant
ureteropelvic junction obstruction [12]. Gaur et al. [13] per-
formed laparoscopic pyelolithotomy successfully for com-
plex staghorn calculi. The laparoscopic approach results in
neither significant bleeding nor any parenchymal damage.
In contrast, PNL for patients with multiple or large stones
in several calices might require multiple punctures, which
leads to an added risk of hemorrhage [14]. Such cases may
also require more than one session to achieve complete
stone extraction for complex stones.

From the point of view of renal function, which modality
is better is not yet established. Regarding renal function,
debate remains on the damage and functional loss after
PNL. Chatham et al. [15] reported no loss of renal function
after PNL by mercaptoacetyl triglycine (MAG3) nuclear re-
nography, and Moskovitz et al. [16] reported no significant
change of renal function in the treated area, ipsilateral un-
affected area, or contralateral kidney by use of Tc 99m-di-
mercaptosuccinic acid (DMSA) renal scintigraphy. Liou
and Streem [17] reported that there were no significant dif-
ferences between PNL and ESWL in terms of the estimated
GFR after the procedure. Also, in patients with chronic kid-
ney disease [18] or a solitary kidney [19], PNL showed pre-
served or long-term improvement of renal function.
However, unlike laparoscopic pyelolithotomy, which does
not invade the renal parenchymal tissue, PNL might cause
glomerular damage in the postoperative short-term peri-
od, especially in patients with high preoperative serum cre-
atinine concentrations, diabetes mellitus, or a long oper-
ative time [20]. Bayrak et al. [21] also showed decreased
renal function in the early period after PNL, but renal func-
tion was not affected by the number of access sites. Even
though Demirtas et al. [22] reported preserved renal func-
tion as assessed by DMSA after PNL, the study showed sig-
nificantly decreased differential renal function on the
treated side in the early and late postoperative periods and
showed insignificant change on the nontreated side in the
late postoperative period. In other reports, in which renal
function after ESWL and PNL was evaluated with DMSA,
there were no significant changes after ESWL but a sig-
nificant change after PNL [23]. In contrast, laparoscopic
stone surgery with a retroperitoneal approach for large
proximal ureteral stones has an insignificant impact on re-
nal function [24].

Moreover, laparoscopic surgery showed surgical out-
comes comparable to PNL. Wang et al. [25] performed a
meta-analysis for the comparison of laparoscopic pyeloli-
thotomy and PNL for renal pelvic calculi greater than 2 cm
in diameter. The study showed that laparoscopic pyeloli-
thotomy was associated with lower blood loss and less post-
operative fever, but with longer operative times and longer
hospital stays, and that there were no significant differ-
ences regarding the procedural failure or conversion rate.
The present study showed complete stone-free and clin-
ically significant stone-free rates of 80.9% (38/47) and
93.6% (44/47), respectively, for which clinically significant
stone-free was defined as stone-free status with clinically
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insignificant residual fragments of smaller than 4 mm
without subjective symptoms for complex renal stones.
Even though it is a concern that renal pelvic stricture could
occur after surgery, stricture rarely occurs because of the
dilated extrarenal pelvis as a result of the chronic ob-
struction by the stone. In the present study, there were no
cases of ureteral or pelvic stricture after surgery. However,
repair of the pyelotomy incision requires experienced
skills. Laparoscopic pyelolithotomy could be considered as
a feasible treatment option in case of complex renal anat-
omy, failure of endourologic management, and concomitant
repair of ureteropelvic junction obstruction [7,25].

For complex renal stones, in the present study, the oper-
ative success rate was significantly higher in the group in
which intraoperative flexible nephroscopy was used
(95.2%) than in the group in which flexible nephroscopy
was not used (69.2%). In terms of the clinically significant
stone-free rate, the total operative success rate reached
95.8%. Because of the anatomic complexity of renal calyces,
flexible nephroscopy has already been demonstrated to be
necessary in some previous studies [6,26,27]. In contrast,
because of the low rate of residual stones in cases of ureteral
stones in which flexible nephroscopy was not used (7.1%,
1 0f 14), it is hard to say whether the usefulness of flexible
nephroscopy in ureteral stones is statistically significant.

Despite the advantages of the present study, the study
had certain limitations. The procedure requires additional
equipment such as a camera system. Although flexible
nephroscopy did not cause any complications, the irriga-
tion fluids and extensive manipulation may result in an
edematous and friable renal pelvic wall.

The biggest drawback of laparoscopic surgery for uri-
nary stone disease is the unique complications that do not
occur in other endoscopic surgeries such as PNL or retro-
grade intrarenal surgery but only in laparoscopic surgery.
Despite such concerns, for the present study, only a single
case of open conversion occurred during the surgeon’s
learning curve period. Except for that complication, just
three complications that were less than grade IIIa by the
modified Clavien-Dindo classification occurred during the
learning curve period. Also, there were no complications
specific to laparoscopic surgery, for example, bowel injury.
Therefore, laparoscopic pyelo- or ureterolithotomy can be
performed safely. The retroperitoneal approach was often
emphasized to avoid contaminating the peritoneal cavity
with potentially infected urine during the surgery for stone
removal [28]. However, because of some definite advan-
tages [29], we mostly chose the transperitoneal approach
without experiencing any adverse infectious events in any
patients. All patients had appropriate antibiotics pre- and
postoperatively, and contamination of the peritoneal cav-
ity due to spillage was kept at a minimum during surgery.
Hence, the transperitoneal approach could be considered
to be as safe as the retroperitoneal approach for stone
surgery.

The present study had some limitations because it was
based on a retrospective analysis. More limitations are
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present concerning the definite criteria for the indication
for laparoscopic surgery and for not using flexible nephro-
scopy, for example, size of the smallest calyceal stone.
Flexible nephroscopy was used if concomitant calyceal
stones had been found by preoperative imaging study.
There were three exceptional ureteral stone cases in which
flexible nephroscopy was not used. All three cases had clin-
ically insignificant residual fragments and no further man-
agement was required during the follow-up period.
However, laparoscopic surgery for complex renal or ureter-
al stones in the present study showed stone clearance rates
comparable to those of standard treatment, such as PNL
or ureteroscopy, without the addition of specific compli-
cations. Furthermore, the use of flexible nephroscopy is a
predictor for operative success to remove multiple calyceal
stones without any injury to the renal parenchyma.
Regarding renal function, the present study evaluated pre-
and postoperative renal function by using serum crea-
tinine and estimated GFR. In future studies, however, ra-
dionuclide studies should be included to calculate differ-
ential renal function accurately and to compare exact pre-
and postoperative renal function. Further randomized pro-
spective study with the use of objective criteria to de-
termine whether to use flexible nephroscopy, and compar-
ison of laparoscopic surgery with a standard treatment
such as PNL, can give us more information about the ex-
cellence or superiority of laparoscopic stone surgery.

CONCLUSIONS

Laparoscopic surgery for complex renal and ureteral
stones demonstrated a high success rate that was com-
parable to standard treatment without any specific laparo-
scopic complications. With the aid of flexible nephroscopy,
laparoscopic surgery can be performed effectively with less
morbidity in selected complex renal stone cases in the era
of endourologic management.
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