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ABSTRACT

Purpose: The aim of study was to evaluate the clinical outcomes of PNL in comparison
with laparoscopic ureterolithotomy (LUL) in proximal ureteral stones larger than 1 cm.
Materials and Methods: A total of 80 patients who were candidates for treatment of
large ureteral stones in our urology center were enrolled in the study between Sep-
tember 2004 and September 2008. By using patient randomization, they were assig-
ned into two forty-patient groups (PNL and LUL). After evaluating the patients with
laboratory tests and IVP, PNL was performed under sonography guidance in the prone
position or the patients were submitted to classic laparoscopic ureterolithotomy (LUL)
transperitoneally. All patients underwent postoperative assessments including KUB and
ultrasonography.

Results: A hundred-percent success was achieved in both groups. The mean age of the
patients were 39.4 (16-63) and 35.2 (18-57) years old in PNL and LUL groups, respec-
tively. The mean stone size in PNL group was 14.2 (10-25) mm and in LUL group was
13.5 (10-28) mm. The duration of the operations were 54.35 (50-82) minutes, and 82.15
(73-180) minutes (P < 0.0001); and the average hospital stay days were 2.6 (2-5) and
3.5 (3-8) days (p = 0.011) in groups PNL and LUL, accordingly. The mean Hb decrease in
PNL group was 0.9mg/dL and in LUL group was 0.4mg/dL (p = 0.001). No statistically
significant differences in terms of blood transfusion, fever, ICU admission, and prolon-
ged urinary leakage were detected in both groups.

Conclusion: According to our study, percutaneous nephrolithotomy under ultrasono-
graphy guidance is comparable with the laparoscopic ureterolithotomy for the treat-
ment of proximal ureteral stones larger than 1 cm.
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INTRODUCTION

Ureteral stones can cause obstructive uro-
pathy and subsequent deterioration of renal func-
tion (1). Since the patient’s symptoms and stone
size are not good predictors of renal function loss,
and there is no clear time threshold for irreversible
damage, intervention should be strongly conside-
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red in any patient with ureteral obstruction unless
close monitoring of renal function is available (2).

An impacted stone is defined as a stone
that cannot be bypassed either by a wire, or a ca-
theter, or a stone remaining at the same site in
the ureter for over two months (3). The treatment
options for these stones consist of extracorporeal
shockwave lithotripsy (ESWL), ureteroscopic pro-



cedures, percutaneous nephrolithotomy (PNL), la-
paroscopic ureterolithotomy (LUL), and open sto-
ne surgery (0SS) (2).

However, OSS has been associated with
longer hospitalization and greater postoperative
morbidity (4), and the efficacy of ESWL drops sig-
nificantly for impacted stones larger than 1 cm in
diameter (5). Several reports have suggested that
ureteroscopy should be the primary approach for
the impacted ureteral stones, especially with fle-
xible ureteroscopic lithotripsy using the holmium
laser (6-8).

We frequently encounter proximal ure-
teral stones larger than 1 cm at our center and
a significant proportion of them are impacted or
failed to be removed by previous ESWL attempts.
Altogether, holmium laser lithotripsy has good re-
sults with low complications (7), but it is expen-
sive and unavailable in many centers. The use of
pneumatic lithotripsy instead of holmium laser is
not appropriate because of high possibility of sto-
ne migration (9).

Alternatively, PNL is an option for large
proximal ureteral stones, with a reported median
stone-free rate of 86%. The proximal dilated ure-
ter makes most of these stones approachable with
a rigid nephroscope or large-caliber flexible ins-
truments that can fragment and remove large sto-
ne burdens efficiently (9). Traditionally, PNL has
been performed in the prone position and mos-
tly relies on fluoroscopy, exposing both the pa-
tient and the surgical team to radiation. Recently,
some investigations showed that PNL under ul-
trasonography guidance is a safe and convenient
procedure. Therefore, this study was designed to
compare ultrasonography guided PNL in the prone
position with LUL as two minimally invasive te-
chniques in the management of proximal ureteral
stones larger than 1 cm.

MATERIALS AND METHODS

A total of 80 patients with proximal ure-
teral stones (above the inferior margin of kidney)
and larger than lcm at our urology center were
enrolled in the study between September 2004 and
September 2008. Patients with kidney anomalies,
severe skeletal deformities, uncontrolled coagulo-
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pathies, and the previous histories of PNL or open
renal stone surgeries were excluded. These pa-
tients were assigned to one of the two treatments
in a randomized sequential order, with 40 patients
in each group (PNL or laparoscopic ureterolitho-
tomy (LUL)). Some information such as demogra-
phic data including age, sex, stone laterality and
stone size (the mean diameter) in these patients
were recorded. Preoperative evaluation consisted
of tests such as urine analysis, urine culture and
renal function tests. In patients with active urina-
ry infection, appropriate treatments were perfor-
med. Excretory urography (IVU) was the primary
imaging modality in all patients. The stone burden
was determined by multiplying the stone length
by the stone width in centimeters, as measured on
the preoperative plain abdominal film, or on IVU
in the cases of radiolucent stones.

The patients were fully advised on the na-
ture of the study, and the informed consents were
obtained. The design of this research was appro-
ved by the bioethics board of the Urology and Ne-
phrology Research Center (UNRC).

Operation technique

Both procedures were performed under ge-
neral anesthesia.

In the PNL group, after introducing an
open ended 6F ureteral catheter in a lithotomic
position, the patient was repositioned into a stan-
dard prone position with all pressure points pad-
ded. The ureteral catheter was used for continuous
and rapid injection of normal saline during litho-
tripsy to clear out calculi fragments located at the
ureter. Detection of the pyelocaliceal system was
achieved sonographically with a 3.5-MHz probe
through the posterior abdominal wall. An 18-gau-
ge access needle was inserted through the fornix,
usually at the posterior axillary line below the
12th rib, targeting the middle calices. With a stea-
dy suction on the syringe, access to the collecting
system was confirmed when urine was withdrawn.
Then, a 0.035 inch J tipped guide wire was intro-
duced into the targeted calyx. We injected 50 cc
normal saline to induce hydronephrosis when it
did not exist. The nephrostomy tract was dilated
by a one-shot dilatators and an Amplatz sheath
(28 to 30F) was placed. All these steps were under



real-time ultrasonography through the posterior
abdominal wall.

By using rigid nephroscope and Swiss
pneumatic lithotripsy, stones were fragmented
and extracted by grasping forceps. Clean pressuri-
zed air at 0.35 to 0.5 Mpa was used as an energy
source to fire the projectile onto a metal rod that
was in contact with the stone. If the location of
the access was improper, then access was achieved
under fluoroscopic guidance and the ultrasono-
graphy-guided access was termed a failure. After
stone removal and final nephroscopy control for
detecting any residual stone, Amplatz sheets were
removed and skin was sutured.

In the laparoscopy group, patients were
prescribed oral laxatives and a single dose of a
broad-spectrum parenteral antibiotic the day, and
one hour before the procedure, respectively. After
general anesthesia, a Foley catheter and a naso-
gastric tube were inserted in all patients. The um-
bilicus was placed over the break on the operating
table and the patient was positioned in a modified
lateral decubitus position. The table could be fle-
xed as needed. With the axillary roll and supporti-
ve pads at the buttocks and flank, the patient was
remained securely in place while the table was
rolled toward the surgeon to assist with retrac-
tion of the bowel. First 10 mm trocar for camera
was inserted in the upper umbilicus margin under
direct vision in the peritoneum. After gas insu-
fflation, the patient was positioned to full flank,
and the second 10 mm port was placed at the level
of the umbilicus, lateral to the ipsilateral rectus
muscle; then, a 5 mm port was inserted in the mi-
dline between the umbilicus and the xiphoid pro-
cess. After the insertion of the instruments and
the camera, the white line of Toldt was incised
and colon mobilized medially, in order to expose
the gonadal vessels and the ureter that is usually
located just deep to them. Once identified, the ure-
ter was elevated and followed proximally to the
stone. Once ureteral stone identified, we hooked
the ureter above the stone to prevent its migra-
tion. Then, the ureter was incised laterally about
1 cm with the 5 mm J type electrocautery hook.
After manipulation and exertion of stone, it was
extracted from one of the trocars site by using a
bag. A double pigtail ureteral catheter was placed
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from one of the trocar sites and the ureterotomy
site was closed with absorbable sutures. A drain
was inserted from the trocar site intraperitoneally
at the end of operation.

In the PNL group, Foley and ureteral ca-
theters were removed on the first post-operation
day (POD) unless significant hematuria or ureteral
irritation was diagnosed intraoperatively to post-
pone the removal. The patient was discharged the
day after the catheter removal.

In the LUL group, Foley catheter was re-
moved at the 2nd POD and the drain was removed
in the 3rd POD and the patient was discharged
from hospital on the same day. If drain discharge
was over 75 mL/day, removal of Foley catheter or
drain was postponed.

Demographic characteristics, time of ope-
ration (from first skin incision to the last skin su-
ture), hospitalization time, change in hemoglobin
level (preoperative and the day one after surgery),
need for parental pethidine, complications such
as perioperative bleeding (need for blood transfu-
sion), postoperative fever (oral temperature > 38°
(), prolonged leakage (> 75 mL/day), and ICU ad-
mission were compared between the two groups.

Ultrasonography and KUB were performed
48 hours after operation to evaluate stone-free
status (no residual stone fragments) and residual
stone burden. Ureteral stricture was determined by
IVU and renal ultrasound studies that were carried
out routinely six months after the treatment.

Data analysis was performed by using SPSS
software (Statistical Package for the Social Sciences,
V. 15; SPSS Inc, Chicago, IL, USA) using Student’s
t-test and chi-square test. A p-value of less than
0.05 was considered statistically significant.

RESULTS

Demographic and clinical characteristics
of patients are shown in Table-1. The average sto-
ne diameter (Min-Max) in PNL group and in LUL
group was 14.2 mm (10-25) and 13.5 mm (10-28),
respectively (P-value = 0.56).

In PNL group, ultrasonography guided
access was achieved successfully in all cases, but
in 6 patients, the exposure was not optimal for
approaching the ureteropelvic junction (UPJ). In



Table 1 - Demographic and clinical characteristics of patients.

LUL (n=40) PNL (n=40) P value
Mean age (years) 35.2 (18-57) 39.4 (16-63) 0.21
Male (%) 24 (60) 28 (70) 0.48
Previous history of ESWL (%) 4 (10) 8 (20) 0.35
Impacted Stone (%) 17 (42.5) 10 (25) 0.16
Stone location

Right side (%) 21 (52.5) 24 (60) 0.65

Left side (%) 19 (47.5) 16 (40)

Hydronephrosis
Mild (%) 6 (15) 5 (12.5)

Moderate (%) 15 (37.5) 12 (30)

Severe (%) 19 (47.5) 23 (57.5) 0.67

Stone diameter 13.5 (10-28) 14.2 (10-25) 0.56

that situation, after injecting the contrast medium
into the collecting system, another access was cre-
ated under fluoroscopy control. When moderate
to severe hydronephrosis was present, optimal
exposure to UPJ was possible even from the lo-
wer pole by gently turning the rigid nephroscope
and Amplatz sheath. In 25 patients, the stone was
fragmented first, and extracted subsequently; for
the remaining cases stone was removed en bloc.

The mean operation time (Min-Max) was
54.35 minutes (50-82) and 82.15 minutes (73-180)
in PNL and LUL groups, respectively (P-value <
0.0001). Pigtail catheter remained more than 3
days in 14 (35%) patients in LUL group and 12
(30%) patients in PNL group endured ureteral ca-
theter for more than 2 days. The average hospital
stay (Min-Max) was 2.6 days (2-5) in PNL group
and 3.5 days (3-8) in LUL groups (P value = 0.011).
Stone-free status (no residual stone fragments)
was complete (100%) in both groups.

In PNL group, the average Hb decrease in
the first postoperative day was significantly hi-
gher than in the LUL group (0.9mg/dL vs. 0.4mg/
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dL, P value = 0.001). Regarding the need for pa-
rental pethidine to relieve the pain, there was no
significant difference between the two groups (P
value = 0.92).

Except for the postoperative hemoglobin
deficit, there were no statistically significant diffe-
rences between the PNL and LUL patients groups
in terms of other complications (Table-2). Compli-
cations included blood transfusions in 3 patients
in the PNL group (one during the operation and
two postoperatively), fever in 5 patients of PNL
group and 4 patients of LUL group, the need for
ICU in 1 patient of LUL group, and the prolonged
urinary leakage in 3 patients of LUL group. The
patient in LUL group who was admitted to ICU
because of a respiratory insufficiency and a long
operation time (180 min.) was discharged without
any problem.

After calculating the hospital charges for
patients in both groups according to our insurance
laws, PNL procedure was found to be less expensi-
ve than LUL for the treatment of the patients with
proximal ureteral stone (P-value = 0.0001).



Table 2 - Patients’ Intraoperative and postoperative data.

Group LUL (n = 40) PNL (n = 40) P value
Complications
Postoperative hemoglobin deficit (mg/dL) 0.4 mg/dL 0.9 mg/dL 0.001
Need for transfusion (%) 0(0) 3(7.5) 0.24
Need for parental pethidine (mg) 77.5(50-150) 80(50-200) 0.92
Postoperative fever (%) 4 (10) 5(12.5) 0.99
Prolonged leakage (%) 3(7.5) 0(0) 0.24
ICU admission (%) 1(2.5) 0(0) 0.99
Mean operation time (minutes) 82.15 (73 -180) 54.35 (50-82) < 0.0001
Mean hospital stay (days) 3.5(3-8) 2.6(2-5) 0.011
Stone-free status (%) 40 (100) 40 (100) 1.00

Performing IVU and renal ultrasound stu-
dies six months after the treatment did not reve-
aled any residual stone, obstruction, and ureteral
stenosis.

DISCUSSION

Urinary calculi are important problems in
the field of urology (1). The surgical options for
the treatment of proximal ureteral stones include
ESWL, ureteroscopy, PNL, laparoscopic and, rare-
ly, open surgery (2). The preferred approach for
most upper-urinary stones is extracorporeal litho-
tripsy due to its minimal morbidity and simplici-
ty (7). Impacted ureteral calculi larger than 1 cm
are more resistant to ESWL due to the expansion-
-space theory (10). Park et al. compared the re-
sults of ESWL and ureteroscopy for ureteral stones
(proximal and distal) and showed though the effi-
cacy of ESWL decreased significantly for stones
larger than 1 cm (83.6% versus 42.1%), the stone-
-free rate with ureteroscopic manipulation did not
change by the stone size (88.9% versus 86.6%) (5).
In the clinical guidelines of European Urological
Association, it is stated that for proximal ureteral
calculi > 1 cm, ESWL and ureteroscopy have ove-

rall stone free rates of 68% (55-79) and 79% (71-
87), respectively (11). Other literature shows excel-
lent results for ureteroscopic lithotripsy using the
holmium laser for proximal ureteral calculi, with a
mean stone-free rate of 95% associated with a low
perforation and stricture rate of about 1% (7). For
this purpose, a better outcome could be achieved
by flexible ureteroscopic lithotripsy as the primary
approach (8). Although the use of holmium laser
or flexible ureteroscopic lithotripsy is expensive
and not available in many centers especially in
developing countries, the use of pneumatic litho-
tripsy instead of holmium laser is not appropriate
due to its high probability of stone migration (9).

Two other procedures that are suggested
for proximal ureteral stone removal are laparos-
copic ureterolithotomy and PNL (2). Nonetheless,
the former technique requires a dissection in the
retroperitoneal area to expose the ureter that is
similar to open surgery, but it has a high success
rate in patients with a large stone size (2,3). Our
previous study on 46 patients with > 1.5 cm upper
and middle ureter stones submitted to transperi-
toneal laparoscopic ureterolithotomy identified
97.8% stone free rate (12). Huri et al. (13) perfor-
med transperitoneal and retroperitoneal laparos-
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copic approach in 41 patients with ureteral stones
and all patients were discharged without stones.
Only in one patient, the operation was converted
to an open procedure. Almeida et al. (14) com-
pared laparoscopic and open ureterolithotomy
prospectively and showed lower analgesia requi-
rements and shorter hospitalization periods in the
laparoscopy group.

Furthermore, PNL does not require any spe-
cial equipment and is available in most urology
centers, and has the advantage of rapid stone remo-
val. The conventional technique for PNL is in the
prone position and under fluoroscopy guidance.

There are a number of options for the ne-
edle guidance during PNL, including fluoroscopy
and ultrasonography (US). We used US to delineate
the needle access to reduce radiation exposure. The
harmful effects of x-ray are well confirmed, and
for the protection against these harmful effects, hi-
ghly advanced fluoroscopies and protection shiel-
ds are available, although the safety is not comple-
te. The severity of stochastic effects of x-ray is not
dose dependent and may cause genetic mutation
and cancer in surgeons and patients (15,16). Based
on the rule to use the lowest reasonably achievable
radiation, the least dose has to be used.

The stone-free status of both PNL and LUL
procedures were excellent (100%) in our study. In
terms of complications, there was a significant
difference in the post-operative hemoglobin drop
between these groups that suggests PNL may cau-
se trauma to renal parenchyma rather than LUL.
Nevertheless, some authors have shown that PNL
does not result in the loss of renal function when
treating renal calculi as measured by nuclear scin-
tigraphy (17,18).

In our study, some disadvantages of la-
paroscopic ureterolithotomy included prolon-
ged operation time, more expensive instruments,
and long hospital stay in comparison with PNL.
Thus, we can suggest that ultrasonography gui-
ded PNL is a rapid and effective option for the
treatment of proximal ureteral stones larger than
1 cm. The small number of patients and the short-
-term follow-up periods were the limitations of
this study; therefore, we recommend comparing of
the two aforesaid methods with more cases under
additional assessment.
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CONCLUSIONS

It seems that the percutaneous nephro-
lithotomy under ultrasonography guidance has
comparable results with laparoscopic ureterolitho-
tomy for the treatment of the proximal ureteral
stones larger than 1 cm with lower operation time
and hospitalization period.
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EDITORIAL COMMENT

Ureteral lithiasis is a very frequent pathology
in our country and in many occasions needs sur-
gery. At present, endourological procedures are mos-
tly used, with very good results and low morbidity.
However, the treatment of larger stones and those
located at the upper part of the ureter is challenging.

The authors present a randomized study that
compared two methods of treatment for these cal-
culi. It is a comparative, randomized study, with an
adequate number of treated patients, that deserves
attentions. The present guideline for the treatment
of proximal ureteral calculi larger than 10 mm is the
retrograde ureterolithotripsy. But it may have worse
results if it is not used a laser lithotripsy or flexible
endoscopes, and in those situations it is worthwhile
the use of other surgical methods. The same gui-
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deline suggests the use of percutaneous ureteroli-
thotripsy for larger calculi at the proximal ureter
with 85 to 100% of success rate. The authors present
the same results with the possibility of the use of
ultrasonography, avoiding the use of fluoroscopy
with less morbidity of the patient and medical team.
Laparoscopic ureterolithotomy is becoming a more
used form of treatment for these stones, with excel-
lent results and with the same minimally invasive
characteristic in relation to open surgery.

The addition of this study to literature de-
monstrates the possibility of use of several techni-
ques for the treatment of larger proximal ureteral
stones, according to the availability of equipment
and surgeon’s experience. The urologist must choo-
se the technique that allows the complete stone re-
moval, with less morbidity, and, if possible, with
lower use of radiation.
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