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Abstract

Objective To provide appropriate evidence for treatment
planning of patients with an impacted proximal ureteral stones
>1.5 cm in size, by analyzing the therapeutic outcomes for
those undergoing minimally invasive percutaneous antegrade
ureterolithotripsy and retrograde ureterolithotripsy.

Patients and methods From September 2010 to Novem-
ber 2011, eligible patients with impacted proximal ureteral
stones >1.5 cm in size referred to our institute were con-
sidered for this study. The closed envelope method was
used to randomize the enrolled patients to mini-PCNL (30)
or retrograde ureterolithotripsy (29). The efficiency quo-
tient (EQ) was calculated to specifically address the effi-
ciency for both the techniques. All preoperative and
postoperative data for both groups were recorded.

Results  The initial stone-free rate was 93.3 % in the mini-
PCNL group and 41.4 % in the URSL group (p < 0.001).
However, the overall stone-free rate at the 1-month follow-
up visit after initial treatment was 100 % in the mini-PCNL
group and 89.7 % in the URSL group (p = 0.07). The EQs
for the mini-PCNL and URSL groups were 0.83 and 0.50,
respectively.

Conclusions Our study shows that mini-PCNL removal
of large impacted proximal ureteral calculi can achieve
higher stone-free rates and safe.
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Introduction

Management of large impacted proximal ureteral calculi
remains challenging for urologists. Various treatment
options have been proposed for large proximal ureteral
stones such as SWL, URSL, and percutaneous nephroli-
thotomy. SWL (often requiring multiple sessions and stent
placement) has poor overall success rates in the treatment
of large stones with a significant possibility of residual
fragments. SWL also may not be feasible due to coexisting
anatomical abnormalities or comorbidity. The reported
stone-free rates are 89—100 % when semi-rigid or flexible
ureterorenoscopy with holmium:YAG laser lithotripsy
(URSL) is used in managing proximal ureteral calculi
[1-7]. However, some large and impacted proximal ure-
teral stone are difficult to approach using retrograde
ureterorenoscopy. The main problem is in that the
inflammatory, edematous mucosa or fibroepithelial polyp
that is often found enveloping the impacted calculus may
impede calculus exposure and impair lithotripsy or a tor-
tuous ureter, and unusual angulations of the ureter.
Although open surgery is rarely used as first-line therapy,
patients with large, impacted, proximal ureteral stones may
sometimes require open surgery or laparoscopic ureteroli-
thotomy. In order to avoid more risk of open surgery, other
minimally invasive options such as percutaneous nephro-
lithotomy (PCNL) or mini-percutaneous antegrade urete-
rolithotripsy have been proposed in this setting. PCNL was
introduced as an alternative treatment for large renal and
proximal ureteral stones and achieved success in the 1980s
[8]. Minimally invasive PCNL (mini-PCNL), which is
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modified PCNL using a miniature endoscope by way of a
small access tract, can be routinely performed to manage
stones in the kidney and proximal ureter [9].

In this study, we report our experience of the manage-
ment of impacted, proximal ureteral stones >1.5 cm in
diameter and compare the treatment outcomes in patients
undergoing minimally invasive percutaneous antegrade
ureterolithotripsy and retrograde ureterolithotripsy.

Patients and methods

From September 2010 to November 2011, eligible patients
with impacted proximal ureteral stones >1.5 cm in size
referred to our institute were considered for this study. The
proximal ureter was defined as the portion extending from
the ureteropelvic junction to the lower border of the fourth
lumbar vertebra. Impacted ureteral stones (IUS) is defined
as a stone that remains fixed at the same site with hydro-
nephrosis for more than 1 month. Patients with the calculi
in the kidney (>10 mm) or the bilateral or distal ureter and
those with serum creatinine (Scr) concentrations >1.5 mg/dL
were excluded from the study. Patients were preoperatively
evaluated with a history, physical examination, and image
system (including a plain roentgenogram for the kidneys,
ureters, and bladder, ultrasound, and computed tomography).
Preoperative laboratory evaluation included urinalysis, urine
culture, coagulation profile, Scr level, and complete blood
count. Patients with a known urinary tract infection received
specific antimicrobic culture before URSL or PCNL until the
urine culture turned to negative. Intravenous urography
(IVU) and a radionuclide renal scan were used to document
renal function in all patients. The closed envelope method
was used to randomize the enrolled patients to mini-PCNL
(30) or retrograde ureterolithotripsy (29). Informed consent
was obtained before surgery.

Minimally invasive PCNL was performed with the
patients under general anesthesia. In the lithotomy position,
an 8/9.8F ureteroscope was inserted into the urinary blad-
der and a 5F ureteral catheter inserted into the ureter. The
distal end of a 5F ureteral catheter was fixed to the 18F
Foley bladder catheter. Then, the patient was turned prone
position. Fluoroscopic guidance was used for stone loca-
tion, and an 4F puncture needle was used to puncture the
collecting system. The middle calix was punctured
(although upper caliceal access can provide more direct
access down the ureter than middle caliceal access, it could
take more damage to body). When the needle was safely
positioned in the collecting system (as ascertained by urine
flow through the needle), contrast material was given
through the needle to make the collecting system visible
under fluoroscopy. A 0.038-inch guidewire was inserted
through the needle into the collecting system. After making
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a small skin incision, the needle was removed. The dila-
tation procedure was performed under fluoroscopic guid-
ance, and isotonic saline was used for irrigation and
visualization. The nephrostomy tract was dilated with
fascial dilators up to 12F-18F, a corresponding peel-away
sheath was inserted above the last dilator, the dilators were
removed, a rigid 8.5/9.8F ureteroscope (Richard Wolf) was
inserted, and then the peel-away sheath was inserted further
and guided by the ureteroscope until the tip of it reached
ureteropelvic junction. Holmium:YAG laser lithotripsy
was used for stone fragmentation in all cases; small stone
fragments were removed by irrigation, and larger frag-
ments were removed with stone forceps. Continuous irri-
gation and/or intermittent manual pumping of irrigant was
done to maintain a clear ureteroscopic view when appro-
priate. At the end, double J (DJ) was placed antegrade in all
patients.

Ureteroscopic lithotripsy was completed under spinal or
general anesthesia in the lithotomy position with intrave-
nous antibiotic prophylaxis. In the majority of cases, ret-
rograde access to the upper urinary tract was obtained over
a safety guidewire with a 8.5/9.8F semi-rigid ureteroscope
(Richard Wolf, Knittlingen, Germany). When the stone
was difficult to visualize, and to look for residual frag-
ments, a 7.4 F fiber-optic flexible ureteroscope was used,
usually with the aid of an access sheath (Gyrus ACMI,
Southborough, MA, USA). A holmium:YAG laser (Dor-
nier Medical Systems, Germany) using a 365 pm (rigid
ureteroscope) or 200 pm (Olympus digital flexible ureter-
oscope) fiber or lithoclast lithotripsy was used to disinte-
grate the calculi. Sterile saline was used as irrigation under
hydrostatic pressure. Intermittent irrigation was used to
obtain a clear operative visual field. The laser energy was
set at 1-1.5 J per pulse, and the frequency was between 5
and 15 Hz. A DJ stent was placed retrograde in all patients.
Stone manipulation was carried out using wires, laser fiber,
and a variety of Dormia/Gemini baskets.

Postoperative imaging including KUB and ultrasound
was conducted to monitor the recovery from hydrone-
phrosis and to verify stone passage. Treatment outcomes
were determined based on evidence of being stone-free on
KUB or ultrasound after 2 weeks and 1 month. IVU and
radionuclide renal scanning were performed about
3 months after the operation to confirm the stone-free rates
(SFRs), document any ureteral stricture formation, and
verify renal function. The stent was removed with the
patient under local anesthesia on an outpatient basis if there
were no residual stones >4 mm in size on follow-up X-ray.
Failure of the procedure, intraoperative and postoperative
morbidity, operative time, hospital stay, time of convales-
cence, stone clearance at discharge home and at follow-up,
and preoperative and postoperative split renal function
were compared between the two groups of patients.
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Preoperative and postoperative hemoglobin concentrations
in the patients who underwent the mini-PCNL procedure
were also recorded.

Data were processed using SPSS 15 for Windows. The
results are presented as mean =+ standard deviation. All of
the parameters were analyzed statistically using the
unpaired Student’s ¢ test and x> test. A p value <0.05 was
considered statistically significant. We used the efficiency
quotient (EQ) to compare the efficiency of both treatment
groups. EQ was calculated by the equation: EQ = [per-
centage stone-free/(100 % -+ percentage requiring re-
treatment 4 percentage requiring an auxiliary procedure)]

[6].

Results

Average patient age, the male-to-female ratio, Scr level,
and stone size were similar between the two groups
(Table 1). Also, there was no statistically significant dif-
ference between the groups in the time from diagnosis to
treatment. A total of 59 patients were included in this
study, of whom 30 were treated by mini-PCNL and 29
were treated by URSL.

The mean treatment time and postoperative hospital stay
were significantly lower in the URSL group than in the
mini-PCNL group. However, The initial stone-free rate was
93.3 % in the mini-PCNL group and 41.4 % in the URSL
group (p < 0.001). The overall stone-free rate at the
1-month follow-up visit after initial treatment was 100 %
in the mini-PCNL group and 89.7 % in the URSL group
(p = 0.07). The EQs for the mini-PCNL and URSL groups
were 0.83 and 0.50, respectively. Seven patients had
combined renal stones (<10 mm), and we were able to
remove both renal and proximal ureteral stones simulta-
neously. In the mini-PCNL group, there were six patients
who had a transient postoperative fever, which was con-
trolled with appropriate antibiotics and supportive treat-
ment. No patients had massive blood loss requiring
transfusion. No urinary tract perforation or adjacent organ
injury occurred during the procedure. One patient had

Table 1 Mean patient age, gender, Scr, and stone size

Mini-PCNL  RIRS p value
Mean age (range) (years) 425 + 10.1 4422 £13.0 0.153
Male-to-female ratio 1:0.81 1:0.64 0.45
Mean stone size (range) 17.27 16.23 0.189
(mm) (15-25) (15-25)
Stone location (left/right) 16/14 12/17 0.35
Serum creatinine (scr) 78.6 £ 10.6 769 +£9.77 0.22

(pmol/L)

steinstrasse over the distal ureter after mini-PCNL treat-
ment, no any additional therapy be used, and the stone
passed spontaneously within 2 week. The preoperative and
postoperative hemoglobin concentrations for patients
undergoing percutaneous procedures were 129.7 £ 12.5
and 125.0 & 14.3 g/dL, respectively, and there was no
statistically significant difference between them (p =
0.703).

In the URSL group, Stone Retrieval Basket (Cook
Medical S-4 FR-4 FR-70) was used in 21 patients. Nine
patients who had stones or bigger stone fragments showed
upward migration during the procedure, and upward-
migrating stone fragments were the leading cause of URSL
treatment failure. Of those nine patients with stones, seven
were subsequently treated by Olympus digital flexible
URS, one underwent mini-PCNL treatment, and another
patient underwent ESWL after 1 week. Of 14 patients with
residual stones >4 mm in size who underwent URS, aux-
iliary procedure to achieve a stone-free state, 3 patients
who underwent ESWL and 6 patients who have medical
therapy with tamsulosin, stone passed spontaneously for
only 5 patients within 3 week. Two patients failed due to
tortuous and angulation of the ureter, one of them was
transferred to ureterolithotomy. Another patient was
transferred to mini-PCNL. Complications including blood
loss requiring transfusion, ascending stones, urinary tract
perforation, transient postoperative fever, flank pain, and
hematuria were recorded (Table 2).

Discussion

The proximal ureteral stone is one of the most common
stone illnesses in modern society. Long-term IUS may
cause interruption of urinary flow and progressive back-
pressure on the ureter and kidneys, resulting in hydroure-
teronephrosis. Although a small-caliber rigid or flexible
ureteroscope combined with holmium laser lithotripsy is
rapidly becoming first-line treatment for large impacted
proximal ureteral calculi [4], the main problem in URSL
for some long-term IUS is failure to gain access to the
stone. Large impacted calculi located in the upper ureter
may result in a significantly tortuous ureter and are difficult
to approach using retrograde ureteroscopy. The inflam-
matory, edematous mucosa, or fibroepithelial polyp that is
often found enveloping the impacted calculus may impede
calculus exposure and impair lithotripsy [9-15]. On the
other hand, continuous high-pressure irrigation for obtain-
ing a clear operative visual field may result in an ascending
stone. If the ureteroscope can overcome the tortuous ureter
and edematous mucosa to reach the stone, the stone or
stone fragments may be washed back to the renal pelvis or
calices by outflow of irrigant, and thus cannot be reached
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Table 2 Stone-free rates for patients with RIRS and mPCNL

URS mPCNL p value
Range minus operating (mean) 45-100 (66.7) 50-135 (96.2) 0.032
Range minus fluoroscope (mean) 1-2 1-5
Postoperative hospital stay (days) 19+ 13 46 £ 1.8 0.034
% Initial stone-free rate 41.4 (12/29) 93.3 (27/30) 0.000
% Auxiliary procedures rate 79.3 (23/29) 20.0 (6/30) 0.000
% Retreatment rate 0 0
% Overall stone-free rate 89.7 (26/29) 100 (30/30) 0.07
Efficacy quotient (EQ) 50.0 83.3
Operation-related complications
Fever 5 17 0.002
Pain 12 15 0.506
Ureteral perforation 1 0
Significant gross hematuria 5 15 0.007
Blood loss required transfusion 0 0
Upward-migrating stone 9 0

and removed using a rigid or semi-rigid ureteroscope
[15-17, 27-29].

The failure of ureteroscopic lithotripsy treatments may
require open surgery or laparoscopic ureterolithotomy.
PCNL was introduced as an alternative treatment for large
renal stones, and the percutaneous approach for treatment
of proximal ureteral stones has also achieved some success
[8, 18]. Mini-PCNL, which is modified PCNL using a
miniature endoscope by way of a small access tract, can be
routinely performed to manage stones in the kidney and
proximal ureter. Although debates have ensured on the
potential advantages of mini-PCNL, it exhibited advanta-
ges with respect to hemorrhage, postoperative pain, and
shortened hospital stays [18-23]. In mini-PCNL procedure,
a rigid 8/9.8F ureteroscope instead of the traditional
26F-30F adult nephroscope is used. Consequently, the
nephrostomy tract needed is only dilated to 14F-16F. After
the ureteroscope is inserted into the collecting system, the
peel-away sheath is further inserted under ureteroscopic
guidance until the tip reaches the ureteropelvic junction,
and thus prevents stone fragments from being washed back
into the pelvis. During the procedure, intermittent manual
pumping of irrigation through the ureteral catheter is done
to prevent the stone fragments from dropping into the distal
ureter. Since the stone fragments can only move in the
proximal ureter, the stone is effectively cleared.

In the present study, the mean treatment time and
postoperative hospital stay were significantly lower in the
URSL group than in the mini-PCNL group. However, the
initial stone-free rate was 93.3 % in the mini-PCNL group
and 41.4 % in the URSL group (p < 0.001). The overall
stone-free rate at the 1-month follow-up visit after initial
treatment was 100 % in the mini-PCNL group and 89.7 %
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in the URSL group (p = 0.07). Using the concept of EQ,
we can compare different treatment results with the needs
for retreatment and auxiliary procedures. An ideal treat-
ment has an EQ of 1, and if the EQ is <0.5, the treatment is
considered insufficient because every patient requires
another treatment or auxiliary procedure to achieve a stone-
free state. In our study, the EQs for the mini-PCNL and
URSL groups were 0.83 and 0.50, respectively, which is
similar to other studies [5, 24, 25]. It demonstrates the
advantage of the PCNL treatment over URSL therapy for
large IUS. On the other hand, there are 9 patients who had
stones or bigger stone fragments showing upward migra-
tion during the URSL procedure, and upward-migrating
stone fragments were the leading cause of URSL treatment
failure; of the nine patients with stones, seven were sub-
sequently treated by Olympus digital flexible URS, in
which ureteral access sheaths help facilitate efficient
retrieval of multiple stone fragments and help maintain
continuous drainage during prolonged intrarenal proce-
dures [26-28].

The advantages of mini-PCNL were that almost all
developed lithotripter probes can be used during percuta-
neous nephroscopic ureterolithotripsy, including electro-
hydraulic lithotripter, pneumatic lithotripter, ultrasonic
lithotripter, and Ho:YAG laser lithotripter. The other
advantage of PCNL is that any associated renal stones can
be removed simultaneously. Smaller caliber, more nimble
modern ureteroscopes are better able to reach the proximal
ureter to target the stone. These tools and the multitude of
baskets, graspers, and laser fibers that are deployed through
their working channels are becoming more and more
widely used to treat both renal and ureteral calculi. PCNL
can achieve an initial stone-free rate from 86 to 98.5 % for
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stone sizes >15 mm in diameter, which is superior to that
with any other treatment [13, 14]. In our series, 7 patients
had combined renal stones and we were able to remove
both renal and proximal ureteral stones simultaneously.

The complications of minimally invasive percutaneous
nephroscopic ureterolithotripsy are similar to those of
PCNL [18-20]. Bleeding is the main complication, and
fever is the most encountered complication [20-23]. In
most cases, bleeding can be managed conservatively, but
about 2-5 % of patients may require a blood transfusion
and very rarely arterial embolization [18-21]. With pre-
operative prophylactic broad-spectrum intravenous antibi-
otics, the present incidence of transient fever was 25 % and
no patient experienced severe sepsis [21-23]. In our study,
the main complication was bleeding after the operation,
which is also true with traditional PCNL, but the bleeding
rate was lower for mini-PCNL patients than that for tra-
ditional PCNL using a traditional 24F-30F nephrostomy
tract. No patients in our study required transfusion. There
were no injuries to surrounding organs or pneumothorax in
our patients. We believe that this could be attributed to the
appropriate puncture route under ultrasonic and fluoro-
scopic guidance.

This investigation demonstrated that the percutaneous
nephroscopic ureterolithotomy remains a safe and efficient
treatment option for proximal ureter stone, especially when
the stone size is >15 mm.

Conclusions

Our study shows that mini-PCNL removal of large
impacted proximal ureteral calculi can achieve higher
stone-free rates and safe.

Conflict of interest There is no conflict of interest.

References

1. Scarpa RM, DeLisa A, Porru D, Usai E (1999) Holmium:YAG
laser ureterolithotripsy. Eur Urol 35:233

2. Dretler SP (2006) Prevention of retrograde stone migration dur-
ing ureteroscopy. Nat Clin Pract Urol 3:60-61

3. Salem HK (2009) A prospective randomized study comparing
shock wave lithotripsy and semirigid ureteroscopy for the man-
agement of upper ureteral calculi. Urology 74:1216-1221

4. Preminger GM, Tiselius H, Assimos DG et al (2007) 2007
guideline for the management of ureteral calculi. Eur Urol
52:1610-1631

5. Lam JS, Greene TD, Gupta M (2002) Treatment of proximal
ureteral calculi: holmium:YAG laser ureterolithotripsy versus
extracorporeal shock wave lithotripsy. J Urol 167:1972-1976

6. Preminger GM, Tiselius HG, Assimos DG et al (2007) 2007
guideline for the management of ureteral calculi. J Urol 178:
2418-2434

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

. Araki M, Wong C (2007) Direct comparison of fiberoptic and

digital ureteroscopy for upper urinary tract lithotripsy. J Urol
4(suppl): V1826

. Nahas AR, Eraky I, el-Assmy AM et al (2006) Percutaneous

treatment of large upper tract stones after urinary diversion.
Urology 68:500-504

. Li X, He Z, Wu K et al (2009) Chinese minimally invasive

percutaneous nephrolithotomy:
J Endourol 23:1693-1697

Seitz C, Tanovic E, Kikic Z, Fajkovic H (2007) Impact of stone
size, location, composition, impaction, and hydronephrosis on the
efficacy of holmium:YAG-laser ureterolithotripsy. Eur Urol
52:1751-1759

Sofer M, Watterson JD, Wollin TA, Nott L, Razvi H, Denstedt JD
(2002) Holmium:YAG laser lithotripsy for upper urinary tract
calculi in 598 patients. J Urol 167:31-34

Kijvikai K, Haleblian GE, Preminger GM et al (2007) Shock
wave lithotripsy or ureteroscopy for the management of proximal
ureteral calculi: an old discussion revisited. J Urol 178:1157-
1163

Pierre S, Preminger GM (2007) Holmium laser for stone man-
agement. World J Urol 25:235-239

Jiang H, Wu Z, Ding Q, Zhang Y (2007) Ureteroscopic treatment
of ureteral calculi with holmium:YAG laser lithotripsy. J Endo-
urol 21:151-154

Leijte JA, Oddens JR, Lock TM (2008) Holmium laser lithotripsy
for ureteral calculi: predictive factors for complications and
success. J Endourol 22:257-260

Eisner BH, Dretler SP (2009) Use of the Stone Cone for prevention
of calculus retropulsion during holmium:YAG laser lithotripsy:
case series and review of the literature. Urol Int 82:356-360
Johnson GB, Portela D, Grasso M (2006) Advanced ureteros-
copy: wireless and sheathless. J Endourol 20:552-555

Goel R, Aron M, Kesarwani PK et al (2005) Percutaneous
antegrade removal of impacted upper-ureteral calculi: still the
treatment of choice in developing countries. J Endourol 19:54-57
Li LY, Gao X, Yang M et al (2010) Does a smaller tract in
percutaneous nephrolithotomy contribute to less invasiveness? A
prospective comparative study. Urology 75:56-61

Jackman SV, Docimo SG, Cadeddu JA et al (1998) The “mini-
perc” technique: a less invasive alternative to percutaneous
nephrolithotomy. World J Urol 16:371-374

Fu YM, Chen QY, Zhao ZS et al (2011) Ultrasound-guided
minimally invasive percutaneous nephrolithotomy in flank posi-
tion for management of complex renal calculi. Urology 77:40-44
Sun X, Xia S, Lu J et al (2008) Treatment of large impacted
proximal ureteral stones: randomized comparison of percutane-
ous antegrade ureterolithotripsy versus retrograde ureterolitho-
tripsy. J Endourol 22:913-917

Lahme S, Bichler KH, Strohmaier WL et al (2001) Minimally
invasive PCNL in patients with renal pelvic and calyceal stones.
Eur Urol 40:619-624

Wu CF, Shee JJ, Lin WY et al (2004) Comparison between
extracorporeal shock wave lithotripsy and semirigid ureteroren-
oscope with holmium:YAG laser lithotripsy for treating large
proximal ureteral stones. J Urol 172:1899-1902

Lee YH, Tsai JY, Jiaan BP et al (2006) Prospective randomized
trial comparing shock wave lithotripsy and ureteroscopic litho-
tripsy for management of large upper third ureteral stones.
Urology 67:480-484

Pardalidis NP, Papatsoris AG, Kapotis CG, Kosmaoglou EV
(2006) Treatment of impacted lower third ureteral stones with the
use of the ureteral access sheath. Urol Res 34:211-214

Matlaga BR, Jansen JP, Meckley LM (2012) et al.Treatment of
ureteral and renal stones: a systematic review and meta-analysis
of randomized, controlled trials. J Urol 188(1):130-137

the Guangzhou experience.

@ Springer



1610 World J Urol (2013) 31:1605-1610

28. Bostanci Y, Ozden E, Atac F et al (2012) The double wire 29. Khairy-Salem H, el-Ghoneimy M et al (2011) Semirigid ureter-
technique: an alternative method for difficult ureteroscopic oscopy in management of large proximal ureteral calculi: is there
access. Urol Res 40:783-784 still a role in developing countries? Urology 77(5):1064-1068

@ Springer



	Treatment of large impacted proximal ureteral stones: randomized comparison of minimally invasive percutaneous antegrade ureterolithotripsy versus retrograde ureterolithotripsy
	Abstract
	Objective
	Patients and methods
	Results
	Conclusions

	Introduction
	Patients and methods
	Results
	Discussion
	Conclusions
	Conflict of interest
	References


