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Abstract

Introduction: Transurethral lithotripsy (TUL) is an appropriate treatment for ureteral stones and
is usually used for stones in the middle and lower part of the ureter. Different devices such as
the Holmium laser, the stone basket, and the stone cone exist to prevent any fragments from
retropulsion during TUL. The present study aims to compare the advantages and disadvantages
of the Holmium laser, the stone basket, and the stone cone.

Methods: A retrospective study was conducted from September 2016 to January 2018 comparing
various TUL methods in 88 subjects with proximal ureteral calculi. The study participants were
divided into 4 matched groups. The first one included 20 patients undergoing TUL with no
device (group 1), the second group included 22 patients undergoing TUL while using the stone
retrieval basket, the third group included 18 patients undergoing TUL while utilizing the stone
cone and the fourth group included 28 patients undergoing TUL while using the Hol-YAG laser.
Results: A residual stone =3 mm was recorded in 15.9% of the patients. The stone free rate
was seen in 100%, 90.9, 83.3%, and 55% of the Holmium laser group, the retrieval basket
group, the stone cone group and the no device group respectively (P=0.001). The lowest rate of
surgery complications including ureteral perforation, post-operative fever, and mucosal damage
between the 4 groups (P=0.003) and the highest time of surgery (P=0.001) belonged to the laser
group. If we want to ignore the laser group, the success rate for lithotripsy was better in both
groups with a stone retrieval device compared to the no device group, but no advantage existed
between the stone basket and the stone cone.

Conclusion: We can safely conclude that lasers significantly help to prevent stone migration
during TUL. If we want to ignore the laser group, the success rate for lithotripsy was significantly
better in both groups with a stone retrieval device compared to the no device group, but no
advantage existed between the stone basket and the stone cone.
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Introduction

Ureteral calculi, as a routine urological practice and a
common condition, affects people at all ages and helps
in treating cases with urolithiasis."* Ureteral stones have
many complications such as obstructive uropathy and
subsequent deterioration of renal function.’ Several
factors are involved in choosing a suitable management

option for ureteral stones, including the stone location
and its size and composition. Other factors may include
equipment availability, patient characteristics, and even
surgeons capabilities.* Transurethral lithotripsy (TUL)
is a frequent treatment for ureteral stones, and is usually
used for middle and lower uretercalculi’ The major
advantage of ureteroscopy is direct visualization of the
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ureter, enabling observation and management of stones.®
Various sources of energy are used for endoscopic
lithotripsy, including laser, pneumatic, ultrasonic, and
electrohydraulic lithotripters; however, pneumatic
lithotripters is the most common source.”® It has been
commonly used to treat ureteral stones mostly owing to its
low price and high effectiveness. One of the disadvantages
of this method is the migration of fragments during TUL,
especially in upper ureteral stones.’'' In this regard,
different devices such as the stone retrieval basket and
the stone cone are used to prevent fragments retropulsion
during TUL.”"* The basket catheter device was used
to prevent the stone from migrating to the renal pelvis
during the TUL procedure.”” The stone cone, as a new
device, consists of an inner wire and an outer catheter; the
inner wire is formed by the distal floppy tip, the cone, and
the proximal wire. The cone can help the surgeon to hold
the top stone during lithotripsy."*

Nowadays, the holmium: yttrium-aluminum-garnet
(Ho:YAG) laser is used for different urologic surgeries
such as treatment of urinary calculi. Compared with other
pieces of equipment, the laser has a lower complication
rate and a high stone free rate (SFR) but because of high
cost and low access, it is not applied to each patient in
every institute."”

In this retrospective investigation, we compared the
outcome of the stone basket, the stone cone and the
Ho:YAG laser in TUL of ureteral calculi.

Methods

Sampling

Eight hundred ninety-six patients diagnosed with
ureteral calculi from September 2016 to January 2018
were hospitalized in Shohada-e-Tajrish Hospital, Shahid
Beheshti University of Medical Sciences, Tehran, Iran.
After exclusion of lower and middle ureteral stones
(n=359), 159 patients with pneumatic lithotripter (PL)
and laser lithotripter were enrolled. The exclusion criteria
were kidney anomalies, severe musculoskeletal deformity,
history of ureteral obstruction, positive urinary culture,
and pregnancy. We included patients aged >18 with upper
ureteral stones.

A total of 22 TUL procedures were conducted using the
stone retrieval basket. Eighteen patients underwent TUL
while utilizing the stone cone and 28 patients underwent
TUL while using the Hol-YAG laser. Therefore, from the
rest of patients who had ureteral calculi and underwent
TUL with pnematic lithotripter without using any extra
device, we found 20 matched patients.

Study Protocol
For all cases, a checklist including demographic
characteristics, clinical and stone features, intra- and
post-operative data was filled.

A pre-operative urinary analysis and culture, a renal

function test and a non-contrast abdominopelvic
computed tomography scan (NCCTS) were conducted
for all the patients before intervention.

Semi-rigid ureteroscope 9.5 Fr (Wolf Inc., Germany)
was used in all the procedures, and lithotripsies were
performed under direct endoscopic vision without the
pre-stented procedure. Ureter was accessed using 0.035
inch guide wires. The 0.8 mm to 1.2 mm lithotripter
(Swiss lithoclast) was passed through the ureteroscope
working channel. The tip of probe was rested on the
calculi surface, and the probe was activated under 2.5 atm
in either a continuous pulse or a single shut mode.

Stone Cone™ Nitinol Retrieval Coil and OptiFlex™
1.3Fr Nitinol Stone Retrieval Basket (Boston Scientific
Corp., Natick, MA, USA) were used in our center. We
used a Ho:YAG laser (manufactured in Iran). After the
stone was visualized, the laser fiber (500 Mm) was crossed
through the working channel of the ureteroscope and
then the laser was discharged. Laser Lithotripsy was done
until the stones were fragmented and became as small as
sand particles. Ureteroscopy combined with the Ho: YAG
laser was done by a single urologist.

Double J (DJ) stent was inserted in cases with difficult
dilation, a prolonged procedure and a residual stone. Ten
days after the procedure, the stent was removed from the
patients whose stone free status was achieved. If there
were any perforation in ureter, D] was removed after 6
weeks.

All the procedures were conducted under spinal
anesthesia and lithotomy position. Single dose
prophylactic intravenous antibiotics (routinely single dose
intravenous ciprofloxacin 400 mg) were administered
before surgery.

Primary and Secondary End Points

The primary outcomes considered the SFR and the rate of
pushing back between the groups; however, the long-term
complications due to the retrospective nature of the study
could not be evaluated.

SFR definitions in this study were the absence of
particles over 3 mm in post-operative kidney, ureter, and
bladder radiography in radio-opaque calculi and NCCTS
just in the radiolucent stone because of cost saving.

The secondary end points were preoperative and
postoperative complications, including the Clavien-
Dindo modified classification.'®

Statistical Analysis

Statistical package for social sciences (v.21, IBM Inc.,
Chicago, IL, USA) software was used to analyze the data.
While quantitative variables were described as mean and
standard deviation, qualitative variables were described
as frequency and percent. All the quantitative variables
were compared in the subgroups by independent samples
t test, and all the nominal variables were compared by
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chi-square test. P values < .05 were considered statistically
significant.

Results

The demographic characteristics and clinical data of
the four groups were similar in terms of age, gender,
laterality and mean size of stones (Table 1). Figure 1
shows 3 different pieces of equipment are needed. Table 2
presents the details of intra- and post-operation data. The
lowest rate of surgery complications including ureteral
perforation, Post-operative fever and mucosal damage
between 4 groups (P=0.003) and the highest time of
surgery (P=0.001) belonged to the laser group.

The SFRs seen in the laser group, the basket group, the
stone cone group and the no device group were 100%, 90.9,
83.3% and 55% respectively (P=0.001). Stone migration
was significantly higher in the no device group although
there was no difference between the stone basket group
and the stone cone one.

According to the Clavien-Dindo modified classification,
19 Grade II, 3 Grade IIla and 1 Grade IIIb complications
were seen. Three intraoperative ureteral perforations
were successfully treated with a DJ stent placing, removed
after 6 weeks. One subject in the stone cone group needed
open surgery and ureteroureterostomy due to device
malfunction. In this case, after lithotripsy, and during
pulling out the device, the cone did not straighten and
we had a 4-cm ureteral perforation in the medial wall.
Fortunately, avulsion did not occur (Table 3).

No long-term complication documented in the included
cases was found. If we want to ignore the laser group, the
success rate for lithotripsy was significantly higher in both
groups with the stone retrieval device compared to the no
device group, but no advantage existed between the stone
basket and the stone cone.

In the no device group, nine patients did not gain an
immediate stone-free status. Most of these patients in
whom fragments were pushed back had a ureteral stone

Table 1. Baseline Characteristics in the 4 Groups

>1 cm (5 from 9), and one case with a stone embedded in
ureteral edema. Three patients were managed by flexible
ureteroscopy and retrograde intrarenal surgery in the
same session, and 4 cases were managed by extracorporeal
shock wave lithotripsy (ESWL) before removal of DJ stent
respectively.

Discussion

TUL is proper management of ureteral calculi, which has
increased over the last century; however, one of its vital
disadvantages is stone migration during this method.>"”
Depending on previous studies, 40% of stone migration
was reported from the proximal ureter.'® Over time, the
development of TUL has stimulated growth in many
different devices used to prevent stone migration.

This study analyzed the three different devices used
during TUL in 88 subjects with ureteral calculi in the 4
groups. In our study, 100% of cases had an upper ureter
stone, and we used TUL for their treatment; however,
in many other studies, researchers used ESWL.>® In the
current study, a 15.9% stone retropulsion was observed.
Various methods such as the laser, the stone retrieval
basket and the stone cone devices exist to prevent the
migration of the fragments.

Farahat et al'> compared the stone cone and entrapment
net to prevent the stone retropulsion during PL in 180
patients. They concluded that the use of the stone cone
or N-Trap was valuable during ureteroscopic PL for
the treatment of proximal ureteral stones. Both devices
significantly decreased residual fragments (P<0.05),
the incidence of ureteral trauma, and the need for the
auxiliary procedure. However, the stone cone was more
effective in preventing proximal stone migration and
subsequent SFR.

The stone retrieval basket is useful to extract the whole
stone; however, in previous studies, it is usually used for
stones smaller than 6 mm.’ Furthermore, according to
other studies, we know that a disadvantage of this device

Variable Laser (n=28) Basket (n=22) Stone cone (n=18) No device (n=20)
Mean age + SD, y 48.4+10.7 42.7 +11.53 49 + 10 45.4 +8.7
Male, n 17 13 11 11
Previous history of TUL, n 1 2 1 1
Stone laterality

Right side, n 13 10 11 8

Left side, n 15 12 7 12
Stone diameter, mm 8.5+ 1.2(7-11) 8.7 +1.7(9-12) 8.7 + 1.8 (8-13) 8.6 +1.7(8-11)
Number of stones, n 1.2+£0.2 1.2+£0.7 1.2+04 1.2+0.2
Duration of stone symptoms

< 2 months, n 21 19 17 16

> 2 month, n 7 3 1 4

P value > 0.05.
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Figure 1. (A) Ho:YAG laser (manufactured in Iran). (B) Stone Cone™ Nitinol Retrieval Coil. (C) Nitinol Stone Retrieval Basket (Boston Scientific).

Table 2. Comparison of the Operation Variables Between the 4 Groups

Variable Laser (n=28)

Basket (n=22)

Stone Cone (n=18) No Device (n=20) P

Complications

Ureteral perforation, n 0 1 2 1
0.003

Post-operative fever, n 1 2 3 1

Mucosal damage, n 1 6 5 3
Mean operation time + SD, min 48.7 +10.7 413 +6.5 44+7.6 38.8+£5.2 0.001
Mean hospital stay + SD, h 27.2+7 26.5+7.5 26.8+5.6 253 +5.5 0.7
Immediate stone-free status, No. (%) 28 20 15 11 0.001
Stone migration, No. (%) 1 1 1 7 0.002

Table 3. Distributed Complication by Method
Method
Complication (Number of Patients)
Basket Stone Cone No Device

Number of patients with intraoperative ureteral perforations were successfully treated with a DJ stent placing 1 1 1
Number of patients needed open surgery and ureteroureterostomy due to device malfunction. - 1 -

is possible injury of the ureteral wall.'**** The stone
cone device is a newer piece of technology used instead
of the stone retrieval basket; it helps to prevent the stone
retropulsion. In addition, with the pneumatic energy, it
can directly affect the stone center, causing it to fragment
into pieces smaller than two mm. According to previous
studies, we know that the pneumatic lithotripter cannot
affect the calculi center in subjects not using the stone
cone device, resulting in increased stone migration in
these patients.’

The results indicated that the duration of the surgery
in the group using the stone retrieval basket was lower
than that in the laser and stone cone arms. According to
previous studies and the present study, the duration of
the surgery for the stone cone device was more than the
surgery with the stone retrieval basket.!

Generally, the residual stone fragments >3 mm were
15.9% (n=14), with a 9.1% occurrence in the stone
retrieval basket group, which was lower than the stone
cone group (16.6%). However, the residual fragments in
both retrieval device groups compared to the no device
group were significantly better.

Retrograde ureteroscopy has become a common
procedure to manage urinary stones; however, the

literature about major complications is still limited.**
According to other studies, we know that the stone cone
device has a lower major mucosal abrasion than the stone
retrieval basket device, but the flat wire basket by which
patients after surgery recover quicker is more popular.'
In 2002, in one study comparing the stone retrieval
basket device to the stone cone, the stone cone device
was significantly more successful than the stone retrieval
basket device'*; however, it was more costly.

In this era, ureter stone treatment shifted from open
surgery to less invasive interventions. Today, the laser has
an excellent application in urologic diseases.?***

Endoscopic laser lithotripsy (LL) is frequently used to
manage patients with urolithiasis.** A number of lasers
have been used for LL, of which the Ho:YAG has become
one of the most frequently used one.20 The advantages
of the Ho:YAG lithotripter are as follows: it can pass
through a rigid or flexible ureteroscope”; all types of
stones with varying compositions can be fragmented®;
and the probability of stone migration is lower.® However,
cost and inaccessibility of the laser led to limitations on
the application of this device for all of patients, and we
need to evaluate and recommend other devices such as
the retrieval basket and the stone cone in this situation."
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Limitations and Recommendations

Limitations of this study include its retrospective nature
and this inevitably introduces selection bias. The second
limitation was a short-term follow-up and finally the
small sample size.

Conclusion

We can safely conclude that lasers significantly helped to
prevent stone migration during TUL. In addition to the
laser in some situations, we can conclude that both of the
stone retrieval basket and stone cone devices significantly
helped to prevent the stone from pushing back during
TUL. Nevertheless, the stone cone device had fewer
complications than the stone retrieval basket device;
however, the duration of the surgery and the amount of
residual stones were lower in the groups using the stone
retrieval basket in comparison with the stone cone device.
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