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EAU: European Association of Urology
SWL: Shock wave lithotripsy

fURS: Flexible ureteroscopy

URS: Semirigid ureteroscopy

PCNL: Percutaneous nephrolithotomy
Ho: YAG: holmium: YAG laser

J: Joules

Hz: Hertz
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INTRODUCTION






The prevalence of urolithiasis varies from 1% to 20%' depending on many factors,
including genetics, ethnicity and consanguinity, geographic area, dietary,

234 the United States

socioeconomic, and life-style factors, and even local climate.
the prevalence of kidney stones has been found to be 8.8%, the rate being higher
among men than women (10.6% vs 7.1% respectively)®. In the same survey, white

patients and non-Hispanics were found to be more likely to have a kidney stone than

black and Hispanic populations [odds ratio (OR) 0.60 vs 0.37 respectively].

According to Sanchez-Martin et al*’, based on a review of 16 articles, the prevalence
of urolithiasis in Spain is 5.06%, with an incidence of 0.73%, corresponding to 325,079
new cases each year. The peak incidence occurs in patients aged 39 to 55 years. Most
of the reviewed articles concluded that the prevalence in males and females is similar.
Sanchez-Martin et al also reported a higher prevalence in southern Spain than in
northern Spain (20% vs 17% respectively), probably because of the higher maximum

temperatures in southern Spain.4

Urolithiasis carries a high morbidity. Asymptomatic stones were diagnosed incidentally
in 8% of 5047 patients undergoing routine CT colonography screening®. Subsequently
Glowacki et al® reported a 31.8% likelihood that such stones would become
symptomatic in a series of 107 patients followed up for an average of 31.6 months.
The annual likelihood that the patients would experience a stone event was estimated

to be 10%, with a cumulative 5-year likelihood of 48.5%.
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Regarding patients with asymptomatic stones, a recent study reported that the
likelihood that they will develop renal colic is as high as 30%, with painless obstruction
and hydronephrosis in 2%'°. Goldsmith and Lipkin reported that stones of less than 10
mm may cause a related event in 13%—-32% of patients; increase in stone size occurs in
30%—46% and there is a need for intervention in 7%—26%. On the other hand, stones
larger than 15 mm, especially those in the renal pelvis, are at a high risk for
progression. The authors suggested that patients with asymptomatic stones larger
than 15 mm, with stones in the renal pelvis, in high-risk categories and occupations,
with poor access to a health care facility or compliance, or with solitary kidneys or

immunodeficiency may benefit from active stone removal rather than observation™®,

The symptoms of urolithiasis include acute and chronic pain, de novo urinary
obstruction, renal function impairment, and urinary infection. The European
Association of Urology (EAU) guidelines recommend active stone treatment if patients

experience these events or if stone growth is demonstrated™?.

Active treatments for urolithiasis are nowadays predominantly non-invasive or
minimally invasive. They include extracorporeal shock wave lithotripsy (SWL), flexible
ureteroscopy (fURS), semirigid ureteroscopy (URS), percutaneous nephrolithotomy

(PCNL), and laparoscopic nephro- and ureterolithotomy.

The EAU guidelines'? recommend URS as the first-line treatment for ureteral stones
regardless of whether they are larger or smaller than 10 mm and regardless of the

location. URS may compete with SWL in stones of less than 10 mm. For kidney stones
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larger than 2 cm, PCNL is considered to be the first-line treatment as it provides better
stone-free rates; fURS and SWL may be considered as second-line treatments. For
stones of 1-2 cm, SWL and endourology methods are equally indicated, except in the
case of lower pole stones, for which fURS is preferred in the presence of unfavorable
anatomic factors for SWL such as acute infundibulopelvic angles or large and narrow
infundibula. Finally, SWL and fURS are both considered first-line treatment options for

stones smaller than 1 cm.

For the performance of all minimally invasive procedures for treatment of lithiasis

(fURS, URS, and PCNL (mainly using sheaths of <24Fr), holmium:YAG (Ho:YAG) laser
has become one of the gold standards. It has been advocated as the most effective
stone lithotripter by the EAU guidelines12 as it effectively disintegrates all kinds of
stone®® while carrying a low risk of peripheral injury. Accordingly, it is currently the

most widely used and studied laser in urology”.

The laser beam, as the acronym implies (L.A.S.E.R.), is a beam of light amplified by a
stimulated emission of radiation. The laser generators are basically composed of an
external energy source and an amplifying optical resonator that contains the crystal or
laser medium (such as holmium) between highly and partially reflective mirrors. As the
energy source excites the medium, photons are produced. The free photons bounce
between the mirrors, exciting the material even more and increasing the production of
photons. Once produced in high quantity, the bouncing photons exit the generator in a

compact and directional way, being conducted through an optical fiber of variable
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diameter.’ The laser light is reflected along the fiber in a zig-zag fashion. The angle at

which the laser is reflected (called the numerical aperture) is generally <12°."

The Ho:YAG laser is a pulsed laser, with a wavelength of 2100-2140 nm and a pulse
duration of 200—-1000 ps. Each pulse can be set in a different range of emitted energy
measured in Joules (J) and repetition rates per second (Hz); additionally, new Ho:YAG

machines allow the delivery of each pulse of energy in short or long time lapse** *°.

The Ho:YAG laser has also become the standard as it can be transmitted through small,
flexible fibers ranging from 200 to 1000 um in diameter. This versatile feature has
made possible its use in fURS and flexible nephroscopy, allowing lithotripsy throughout

the upper urinary tract."’

The optical fibers are composed of several layers comprising different materials for
transmission and protection. Once the fiber has been plugged and coupled to the laser
generator, the inner fused and compact OH-silica core is responsible for collecting the
light from the generator and transducing it to the tip. This material allows the photons
to be reflected linearly (called the “coherence” of the beam) and to be transmitted
while minimizing the thermal energy of the beam. Two cladding layers made of
fluorine-doped silica and fluoroacrylate surround the silica core to protect it and
decrease transmission losses. Finally a protective outer layer or jacket made of
ethylene tetrafluoroethylene (ETFE) is necessary to ensure adequate reflection of the

beam.’
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As mentioned above, the fibers may range from 200 to 1000 pum in diameter. Generally
the laser fiber diameter cited by the manufacturer refers to the inner silica core, and
the fiber diameter increases y up to 87.3%when the outer cladding is taken into

consideration.'®

The Ho:YAG laser has a variety of adjustable parameters that can be manipulated to
ensure maximum efficiency. Basic research has provided us with knowledge that can
improve our surgical performance, including the facts that lithotripsy ablation
increases at increasing the pulsed energy but not the frequency, that short pulses are
more ablative than long ones, and that small fiber diameters can be used without
compromising ablation while providing better irrigation and ureteroscopic
maneuverability”. However, controversy remains as to which is the most appropriate
combination of adjustable parameters and only a few in vitro studies have evaluated

the real power output and its repercussions.

The Ho:YAG parameters can be set to achieve different ablative effects, bearing in
mind that the stone treatment must be tailored according to various characteristics
such as the number of stones and their hardness, size, location, and composition.
Several techniques have been described, including “dusting”, fragmentation, chipping,
and the “popcorn” technique. Settings are routinely combined during surgery to
reduce stone burden and to obtain the desired outcome, such as complete dusting or

fragmentation for active stone extraction.
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In addition to enabling us to improve laser settings, basic research has provided us
with useful ways to manipulate the laser fiber in order to achieve better performance
and improve safety during the procedure. One such manipulation is cleaving he
transparent tip of the fiber, leaving only the fiber coated. It has been shown that once
the laser fiber has been used, damage to the tip caused by the thermal action of the
laser translates to increasing reflection of the laser beam, resulting in decreasing
efficiency”. Kronenberg and Traxer” found coated fibers to be significantly more
effective than uncoated fibers (increasing stone ablation by up to 50%). They
compared the use of metallic scissors vs ceramic scissors (recommended by
manufacturers for cleaving of the tip) and found no difference when the fiber retained
the coating. Even if, when manufactured, the laser fiber is always stripped from the
protecting cladding at the tip, leaving only the transparent silica core, the authors
recommend cutting the fiber tip at the beginning of and regularly during the

procedure®.

On the other hand, proper and safe transmission of energy within the fiber is strictly
related to the procedure itself. The calyceal anatomy varies widely, and the fact that
some collecting systems have acute angles may force the surgeon to excessively bend
the fiber in the fURS in order to reach a stone. Such excessive bending may increase
laser reflections in the fiber, leading to energy leaks and fiber damage and failure.’ If
the fiber fails while in the working channel, fURS damage is inevitable. Working in
excessive deflection with resultant loss of integrity of the working channel is one of the

most common causes of fURS damage.21
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Means of optimizing laser settings in order to achieve better fragmentation while
ensuring a safe procedure for the instrument and the patient remains an open field in

laser research.
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HYPOTHESIS
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1. Evaluation of the non-contact fragmentation (popcorn) technique
There are many variables (energy, frequency, pulse length, fragmentation time and
laser fiber size) that influences the efficiency of the non-contact stone fragmentation

(popcorn) technique when using Ho:YAG.

2. Evaluation of the laser fiber bending
There are many variables (energy, frequency, pulse length, deflection diameter and
laser fiber size) during Ho:YAG laser fiber manipulation that are related to a lower risk

of fiber fracture wile firing.
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3. Evaluation of the non-contact fragmentation (popcorn) technique
To evaluate the different variables relevant when using the Ho:YAG laser in order to
identify which factors predict an optimally efficient non-contact fragmentation
(“popcorn”) technique. Variables considered included:

- Energy

- Frequency

- Pulse length

- Fragmentation time

- Laser fiber size

4. Evaluation of the laser fiber bending
To evaluate laser fiber manipulation and the safety of laser fiber bending and to
identify which Ho:YAG parameters may reduce the risk of failure. Variables considered
included:

- Energy

- Frequency

- Pulse length

- Laser fiber size

- Deflection diameter
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1. Evaluation of the non-contact fragmentation (popcorn) technique
To evaluate the non-contact fragmentation (popcorn) technique, an in vitro

experiment was designed.

In order to simulate small calyceal cavities a conventional vacutainer was used as a
reservoir to perform the lithotripsy. A standard ureteral access sheath (10/12 Re-
Trace®, Coloplast™, France) was placed in each vacutainer to allow introduction of
the flexible ureteroscope. A Flex-XC® ureteroscope (Karl Storz™, Germany) was
inserted through the access sheath, into the vacutainer, loaded with the laser fiber.
The ureteroscope was kept stable, the laser fiber was placed 1 cm from the bottom of
the vacutainer and 3 mm from the tip of the scope (Figure 1). A bag of saline solution
was connected to the ureteroscope at 40 cm from the experiment site to obtain
constant irrigation at a pressure of 40 cmH,0, which was allowed by use of the access

sheath (Figure 2). The endoscopic vision of each procedure was recorded.

Artificial stone phantoms were produced to simulate urolithiasis, as described in the
literature. A BegoStone mixture of 30 g per 6 ml saline was used, as recommended, to
simulate hard kidney stones. The plaster was poured into plastic cylinders and left to
dry overnight. The stones were then cut to obtain 4- to 5-mm specimens (up to 125
mm?) (Figure 3). Computerized tomography, performed to evaluate stone hardness,

revealed a 1900-HU structure (Figure 4).

To perform the tests the specimens were divided into four stone groups (subjected to

a total of 144 evaluations). Each experiment was done with a group of four stones that
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had previously been weighed using a Mettler Toledo-AT200 electronic balance scale

(weighting capacity of 205 g) and recorded.

Various settings were used, including an overall power count between 5 and 60 W with
a PULSE 120® Ho:YAG laser (Lumenis™, Israel). Setting combinations of 0.5 and 1.5 J,
10, 20, and 40 Hz, and short and long pulses of 500 and 750 ps were used. Evaluations
were performed with 273-um and 365-um fibers, which were cleaved for each
experiment to avoid bias due to fiber degradation. Each setting and fiber combination
was investigated for 2 and 4 min of laser lithotripsy, and each trial was repeated 3

times.

After lithotripsy, the ablated stones were passed through a strainer, retaining only
fragments larger than 0.3 mm remove dust. These remaining fragments were kept in a
tube and dried overnight to ensure that water absorption would not influence weight.

Then they were weighed again using the electronic balance scale.

Stone weights and sizes before and after ablation were compared. A stone volume

reduction of 50% was used as the cut-off level above which the popcorn technique was

defined as highly efficient.

Logistic regression analysis was performed. Significant predictors of a highly efficient

popcorn technique were analyzed, with p<0.05 being considered significant.

All the experiments were recorded from the outside and endoscopically for further
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evaluation.

2. Evaluation of the laser fiber bending.
For this in vitro study, single-use 272- um and 365-um fibers were tested as
representative of small and large fibers (Rocamed®, Monaco). For the experiment a

MHO01-ROCA FTS-30W holmium laser (Rocamed®, Monaco) was used.

Five different fiber-bending diameters were tested: 9, 12, 15, 18, and 20 mm (Figure
5). The diameter was defined as the distance between the opposite sides of a fully

deflected fiber measured at 180° (Figure 6).

For the setup, the laser fibers were fixed while bent in a support made of silicone

tubes and secured by plastic screws.

The setting combination tested with each of the fibers bent at the different diameters
were: short pulse, 1.5 J, and 5 Hz to simulate fragmentation settings and long pulse,
0.5 J, and 15 Hz to simulate dusting settings. Both achieved an overall power output of
7.5 W. To ensure the correct energy transmission, the power output and transmission
were measured with a Molectron EPM1000 (Coherent, Inc.) wattmeter during the
tests. A high-speed camera (Photron Ultima APX-RS 3000) at 10,000 frames per second
was used to record fiber fractures. Image analysis was performed using the Photron

FASTCAM Viewer 2.4 software.

The laser was activated for 5 min in every experiment until either the end of the 5-min
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period or fracture of the fiber. The experiments with each setting, bend diameter, and

fiber size were repeated 10 times.

Statistical analysis was performed using the Fischer test on BioStaTGV (France), with

p<0.05 being considered significant.
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RESULTS






1. Evaluation of the non-contact fragmentation (popcorn) technique

A total of 144 evaluations were conducted using 576 stone phantoms. The mean
phantom base size was 4.3 mm (4.1-5 mm) and the mean height, 4 mm (3.9-4.4 mm),
with no statistical difference among stones. Overall the stone groups (comprising four
stones per group) were comparable and had a consistent weight, with a mean of 0.23

g (0.16-0.35 g).

After lithotripsy and passage of the stone fragments through a strainer, thereby

removing dust, the mean weight loss of the stones was 0.7 g (0.01-0.24 g).

When using a median stone volume reduction of 50% as the cut-off level above which
the popcorn technique was defined as highly efficient, factors predictive of a highly

efficient technique were:

High energy (OR =19.2, 95% Cl 6.40-57.74, p<0.001)

- Long pulse (OR =2.6,95% Cl 1.02-6.52, p = 0.045)

- Frequency of 20 or 40Hz vs. 10Hz (OR =13.9, 95% Cl 4.37 — 44.18, p <0.001),
- Longer time (OR =10.2, 95% Cl 3.59-28.93, p <0.001)

- Small (273 pum) laser fibers (OR = 3.3, 95% C1 0.12 — 0.81, p = 0.016)

In the multivariate analysis, small laser fiber size, longer pulse, and longer
fragmentation time were found to be the most important factors predicting an

efficient popcorn technique (Table 1).

In the endoscopic video evaluation of the experiments, a low energy (0.5 J) yielded
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mostly clear views. When the energy was increased to 1.5 J, in combination with a
frequency of 10 or 20 Hz, a clear view was retained whereas use of a frequency of 40

Hz was associated with blurred vision in all combinations.

2. Evaluation of laser fiber bending

A total of 200 experiments were conducted. Both laser fibers broke when bent at
acute angles; small 272-um fibers broke only at a fiber bend diameter of 9 mm while
large (365-um) fibers broke at bend diameters of 9, 12, and 20 mm. Although large

fibers failed more frequently, the difference did not reach statistical significance.

When using dusting settings, both small and large fibers broke only at a bend diameter
of 9 mm (p= 0.037 and 0.006, respectively), though only 20% of small fibres broke

compared with 30% of large fibers.

When using fragmentation settings, fibers broke more frequently at bend diameters of
<12 mm for small fibers and <15 mm for large fibers (p=0.007 and 0.033, respectively).
None of the small fibers broke at bend diameters of more than 9 mm. As for the large
fibers, 33% failed at bend diameters from 9 to 15 mm and 5% at bend diameters of 18
and 20 mm. Large fibers broke in 90% of the tests at a bend diameter of 9 mm, and

10% failed at bend diameters of 12-20 mm (table 2 and 3).

Short pulse and high energy were significant risk factors for fracture of the 365-um
fibers (p=0.02), but not for fracture of the 272-um fibers (p=0.35). High frequency was

not a risk factor for fiber failure.
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When analyzing the high-speed camera footage of fiber failure (Figure 7), leaking light
beam was seen in the fiber coating before fiber breakage. This burning point was seen

only at the beginning of the bending curve (Figure 8).
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DISCUSSION






1. Evaluation of the non-contact fragmentation (popcorn) technique
Ho:YAG laser treatment has become the standard of care for urolithiasis, and several
laser techniques have been reported to achieve adequate stone disintegration, the

choice depending on the effect that the surgeon wants to exert upon the stone.

Classic techniques include?®*:

- Dusting: This technique aims to dust the stone completely, the goal being
spontaneous and painless evacuation without the need for active stone extraction.
This technique is commonly used for soft stones such as uric acid and calcium oxalate
dihydrate stones as they are easily dusted. Dusting is achieved with low ablation
settings using a low energy, a long pulse, and a high frequency (as Ho:YAG machines
may produce low amounts of energy very quickly). Further it is not a clear definition of
what is “dust” in terms of stone volume being subjectively identified. Studies have
shown that better outcomes of dusting are achieved in the case of fragments sized less
than 4 mm: such fragments are less likely to grow and fewer complications occur (in

terms of emergency department visits, pain, and need for surgery®).

- Fragmentation/chipping®: The aim of the fragmentation technique is to break the
stone into small pieces for active extraction with a basket or forceps. This technique is
achieved with high ablation settings (high energy, low frequency, and short pulse). It
has been reported that fragmentation can be useful for hard stones such as calcium

oxalate monohydrate stones. Generally fragmentation entails the use of a ureteral
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access sheath to protect the ureter and increase the speed of stone extraction while

maintaining low intrarenal pressures during the procedure.

- Non-contact fragmentation (popcorn): This technique, as first described by Chawla
et al**, entails constant firing of the Ho:YAG laser in a fixed position between multiple
stones in a calyx, reducing the stone burden as the stones move around the cavity
(whirlpool-like phenomenon), hitting the laser randomly. This technique is reported as
suitable when multiple fragments are present in a small cavity (a calyx) in which the
whirlpool-like phenomenon can ultimately be achieved. Initially the authors
recommended a setting of 1J-20Hz although use of only 365 um fibers and the laser
pulse that was not measured. The technique was also described to be more effective if
the fiber is directly in contact with the stones®>. Over the years the technique has been
given different names, including lottery ball, washing machine, and hot tub. We

decided to call it the popcorn technique in accordance with the initial description.

- High-frequency dusting (pop-dusting)®®: Recently, “high-frequency dusting” has
been reported as a variation on the popcorn technique that dusts stones in the same
manner. The technique was described with the use of new high-power Ho:YAG lasers
that can deliver an output power of up to 120 W. The setting described is low-energy

(0.5 J) and high frequency (50—80 Hz), avoiding retropulsion.

In practice it is common to use several techniques during one procedure, regarding

them as complementary rather than exclusive. Different settings are routinely
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combined during surgery to reduce the stone burden and to obtain the desired

outcome.

After initial dusting or fragmentation of a stone, some fragments may remain that can
be further fragmented, extracted, or pulverized by means of the popcorn technique.
The stone-free rate may vary depending on the technique employed, although the
evidence in this regard is limited. A randomized trial showed fragmentation and stone
extraction to be associated with fewer visits to the emergency department and a non-
significant tendency toward a lower number of residual stones and fewer ancillary
procedure527. A recent prospective study showed a better stone-free rate for
fragmentation and extraction vs dusting (74.3% vs 58.2% respectively) at univariate
analysis but not multivariate analysiszs. In this regard, the popcorn technique can be
effective in achieving stone dusting or reduction of stone burden until extraction is
possible. Nevertheless, the stone fragmentation technique should be decided upon on

a case-by-case basis as one technique does not fit all patientszg.

Chawla et al** reported a setting of 1.5 J and 40 Hz to be most efficient for stone
fragmentation, with achievement of a 63% reduction in stone weight after 2 min of
continuous laser firing. However, they recommended 1 J and 20 Hz as the optimal
setting owing to a reduction in efficacy when using the higher energy settings of 1.5 J
and 40 Hz, i.e., 1 J and 20 Hz resulted in the greatest weight reduction (18%) in relation

to kJ delivered®.

Limitations of Chawla et al’s study included the use of only 365-um fibers and lack of
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laser pulse measurement (as the technology was not available at the time). The
purpose of our study was to evaluate all the variables currently of relevance when
using the Ho:YAG laser in order to determine which combination achieves the most
effective non-contact fragmentation. In terms of settings we found that high energy
(1.5 vs 0.5 J), high frequency (20-40 Hz), and long pulse is the best combination for
optimization of the popcorn technique. Also, a longer fragmentation time (4 min

rather than 2 min) and use of a small fiber significantly increased the efficiency™.

Regarding Ho:YAG laser parameters, it is known that stone ablation is determined by
energy and pulse. At increased energy and with use of a short pulse, higher ablation is
achieved. Nonetheless, frequency does not affect the stone ablation but only the

speed of the fragmentation14 31

Regarding the laser fiber size, Kronemberg and Traxer reported that small and large
fibers (200 vs 500 um) achieved similar ablation rates at the same power setting,
observing that small fibers produced deeper fissures and large fibers produced wider
fissures . Further, large fibers increased retropulsion, as did increased energy and the

14 32
use of a short pulse'® .

In the initial description of the popcorn technique by Chawla et al**, not all settings
(especially pulsed energy) were correlated with better efficiency, which may lead one
to think that other settings and variables may interfere in the efficacy process. The
achievement of higher efficiency by the use of a long pulse and small fibers may be

explained by a decrease in retropulsion, which allows more contacts between the
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moving stones and the laser fiber. Use of a long pulse and small fibers may
compensate for the increase in retropulsion that may accompany increasing energy
while having the most efficient ablation on each impact **. Further current
recommendations on fURS promote the use of small fibers as they allow better
irrigation (and visibility) and better deflection®®; the results of the current study

support this recommendation.

During lithotripsy the laser fiber is at constant risk of failure and tip damage due to the
burnback effect®. The fiber may be manipulated to avoid such an effect by cleaving
the tip or stripping the external coating of the fiber. In this regard, some recent studies
have shown that coated fibers achieve better ablation rates than stripped fibers®>
whereas other authors have suggested that stripped fibers may achieve better

ablation rates > %’

(although this last study was conducted with large fibers, in a non-
systematic fashion, and using laboratory utensils rather than surgical cleaving
methods). Finally, it has been concluded by several groups that after one minute of

use, the efficiency and the power output in the fiber tip are the same regardless of the

cleaving or stripping method®.

It is to be borne in mind that the recommendation to cleave the fiber tip has been
made not only to avoid failure but also for several other reasons, including (a) ability to
see the laser fiber during the procedure on account of avoidance of the transparent
tip, (b) the fact that the fibers remain attached in the event of rupture, and (c) the
coating may offer protection to the working channel during fiber insertion® *°. All this

evidence has made cleaving the fiber tip with metallic scissors a standard procedure
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when performing fURS. For this reason, it was decided in this study to cleave the tip of

the fiber with metallic scissors before each experiment®”.

In the current study, synthetic stones of 1900 HU were used. Clinically synthetic stones
of this nature can be compared to brushite or calcium oxalate monohydrate stones.
Although the experiment was designed to be systematic, the results may accordingly
be viewed as most applicable to the treatment of hard stones, and it is possible that

even better results might be achieved when treating softer stones.

Regarding the endoscopic view evaluation, all the experiments with a low energy (0.5
J) always had clear views. When the energy was increased to 1.5 J, the vision
depended on the frequency. When using frequencies of 10 and 20 Hz, a clear view was
retained, whereas a frequency of 40 Hz was associated with blurred vision after a few

seconds.

Finally, a clinical recommendation can be made on the basis of the results of the
current study: In order to perform an efficient popcorn technique, the Ho:YAG laser
should be used with a long pulse, high energy (1.5 J), and high frequency (20 Hz) — this
combination represents the best compromise in terms of ensuring efficient ablation
while retaining adequate vision quality. Combining these settings with the use of small
laser fibers and a lithotripsy duration of at least 4 min will significantly reduce stone

burden.
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2. Evaluation of laser fiber bending

Flexible ureteroscopy has become the gold standard for treatment of stones up to 2
cm (and larger with an eventual two-stage procedure). It achieves a high stone-free
rate with low complication rates®, including in the case of stones in the lower pole,
where PCNL and fURS are superior to SWL*'. Treatment of lower pole stones does,
nevertheless, represent one of the main challenges when performing fURS as the
stone-free rate remains lower than for other renal locations and there is an increased

chance of instrument damage.

Unfavorable factors for stone clearance include multiple stones or multiple locations,
stones larger than 1 cm, and unfavorable lower infundibulum anatomy, especially

#2434 0On the other hand, flexible scopes may

acute (<30°) infundibulopelvic angles
suffer deflection mechanism damage (as a mechanical defect), damage in the working
channel if the laser fiber breaks, or secondary complications such as locked deflection,

and all of these scenarios involve costly repairs45 .

Regarding scope damage, the most relevant mechanisms identified in a prospective
study by Carey et al. included breakage due to laser misfiring (>35.9%) and excessive
torque (>28.2%) resulting in decreased deflection (20.5%) or another mechanical
defect without apparent damage (7.7%)*’. Legemate et al found in a recent
prospective study that shaft damage due to manual forcing is the most important
limitation to the durability of reusable ureteroscopes. That these authors did not

experience laser breakages or misfiring may be explained by the fact that the
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procedures were all done by highly experienced endourologists with optimal

equipment™®,

Lower pole access with acute angles that require manual intraoperative forcing and
small deflection diameters to achieve good stone fragmentation is a particularly high-
risk maneuver that increases the likelihood of fURS damage and breakage, especially at
the junction between the shaft and the bending tip, which is considered the most
fragile portion of the flexible ureteroscope®’. Moreover, as mentioned previously,
working channel perforation may be an important cause of damage49. For these
reasons, the clinical recommendation is that lower pole stones should be relocated to
another calyx when possible, thereby increasing the stone-free rate and reducing the

chance of instrument damageso.

Several studies have demonstrated that the attributes of Ho:YAG laser fibers may vary
according to the manufacturer. Variation among manufacturers in respect of flexibility,
energy transmission, fiber diameter, and durability can result in different fiber

. . . . . . 152
performances, as can differences in specific attributes such as fiber size®! > >3,

Regardless of the fiber brand, when firing increasing pulsed energy to acute bent laser
fibers, similarly to our study Knudsen et al. showed that bent laser fibers are at high
risk of fracture while having different levels of resistance and braking at different bend
diameters ranging from 10 to 30 mm>>. In this regard Lusch et al**., evaluating the
performance characteristics of laser fibers in a bench model, showed that high energy,

low frequency, and a long pulse were associated with reduced risk of fiber fracture.
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This is in contrast to our study, where dusting (low energy, high frequency, and long
pulse) settings showed a lower risk of fracture than high energy, low frequency
settings. Our finding that a short pulse is associated with a higher risk than a long pulse
may be attributable to the fact that the former achieves higher ablation rates and is
frequently used as standard in fragmentation settings'®. Again, the studies are
consistent in finding that the larger the fiber and the more acute the bending angle,

the higher the risk of fracture.

Laser fiber failure involves three physical phenomena relating to the fiber mechanism.
The first is the numerical aperture (NA), that is the angle at which the laser beam is
fired from (or exits) the laser generator to the fiber. This will allow the laser beam to
be transmitted through the fiber in a zig-zag motion as the core and cladding reflect
the beam in a linear way up to the end of the fiber'”. The NA can be calculated by
means of the following equation when one knows the refractive index of both OH-

silica cores of the fiber (n1 and n2):

NA = sin® = Vnl1 —n2

The angle of this internal reflection (IR) is the second phenomenon. A proper IR will
allow the laser beam to be transmitted successfully to the tip. The Ho:YAG divergence

angle has been described to range from 8° to 12°.

Laser beams are not equally transmitted through bent and straight fibers>>. Laser fiber

bending may alter the IR, resulting in realignment of the beam; the divergence angle
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will become more acute, increasing the number of reflections and thereby exceeding
the maximum propagation angle of the fiber. This will allow the laser beam to be
transmitted (leaking) through the cladding, causing fissures, burns, and ultimately fiber
failure'” (Figure 9). This was shown in the video resulting from our experiments and
was termed the burning point, a phenomenon seen microseconds before rupture, just

beginning the curve where total IR is lost, where total IT is lost. >°

The third physical property involved in fiber failure is evanescence, which is the wave
loss or the small portion of the light beam that is not correctly reflected to the end and
penetrates the cladding. Evanescence can occur due to the material of the fiber, the
use of high energy, and bending of the fiber (increasing stress); the last mentioned can
increase the penetration of the beam five times further into the cladding as the laser

beam is not equally transmitted in straight and bent fibers 17,32

In addition to well-known practices such as stone relocation from the lower pole, the
following clinical recommendations can be drawn from the findings of this study: If
lower pole lithotripsy is necessary then small (<272 um) fibers should be used and the
Ho:YAG laser should be set to dusting settings with low energy and long pulse until the
stone burden is small enough for relocation. If possible, one should avoid working
while bending the ureteroscope acutely or, if necessary, use single-use ureteroscopes

to avoid fiber failure and instrument damage.
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CONCLUSIONS






1. Evaluation of the non-contact fragmentation (popcorn) technique

The most efficient popcorn setting combination with the Ho:YAG laser was long pulse,
high energy (1.5 J), and high frequency (20 Hz). Combining these settings with the use
of small laser fibers and a lithotripsy duration of at least 4 min significantly reduced

stone burden.

2. Evaluation of laser fiber bending

Small (<272 um) laser fibers and Ho:YAG laser dusting settings with low energy and
long pulse significantly reduce the risk of fiber failure when bending the fiber. Fiber
bend diameter of 9 mm showed the highest risk of failure compared to less acute

angles. The frequency setting did not show to be a risk factor for fiber failure.
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FIGURES






1. Figures: Evaluation of the non-contact fragmentation (popcorn) technique

Figure 1. External (/left) and endoscopic vision (right) of the ureteroscope and the laser

fiber placed in between the artificial stone phantoms.
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Figure 2. Evaluation of the non contact fragmentation (“pop-corn”) technique setup.
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Figure 3. Artificial stone phantoms.
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Figure 4. Artificial stone phantoms computerized tomography.
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2. Figures: Evaluation of laser fiber bending

Figure 5. Laser fiber-bending diameters tested: 9, 12, 15, 18, and 20 mm.
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Figure 6. The diameter was defined as the distance between the opposite sides of a

fully deflected fiber measured at 180°.
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Figure 7. High-speed camera footage of fiber failure sequence.
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Figure 8. Leaking of the light beam “burning point”, seen in the fiber coating before

fiber failure at the beginning of the bending curve.
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Figure 9. Comparison of laser beam transmission (internal reflection angles) between
straight fibers (top) and bent fibers (bottom) altered by laser fiber bending. The acute
divergence angles in bent fibers increases the number of reflections allowing the laser

beam to be transmitted (leaking) through the cladding.
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1. Tables: Evaluation of the non-contact fragmentation (popcorn) technique

Setting variables p-value CR 95%Cl
Energy (0.5 vs 1.51) <0.001 19.229 (6.404-57.737)
Frequency (10 vs >20 Hz) <0.001 13.891 (4.367-44.178)
Pulse {Short vs Long) 0.045 2.579 {1.020-6.522)
Other variables
Time (2 vs 4 min) <0.001 10.187 (3.588-28.925
Fiber (273 vs 365) <0.016 0.316 (0.120-0.810)

Table 1. Multivariate analysis of significant predictors of popcorn technique.
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2.Tables: Evaluation of laser fiber bending

Settings Failure Curved diameters
9 mm 12 mm 15 mm 18 mm 20 mm P value
Dusting Failure 2 0 0 0 0
p=0.037
No failure 8 10 10 10 10
Fragmentation Failure 5 0 0 0 0
p=0.007
No failure 5 10 10 10 10

Table 2. 272um fiber number of failures (ruptures) out of 10 experiments at different

settings and different curve diameters.
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Settings Failure Curved diameters
9 mm 12 mm 15 mm 18 mm 20 mm P value
Dusting Failure 3 0 0 0 0
p=0.006
No failure 7 10 10 10 10
Fragmentation Failure 9 1 0 0 1
p=0.033
No failure 1 9 10 10 9

Table 3. 365um fiber number of failures (ruptures) out of 10 experiments at different

settings and different curve diameters.

77







79

REFERENCES






! Trinchieri A CG, et al. Epidemiology, in Stone Disease, Segura JW, Khoury S, Pak CY, Preminger GM, Tolley D. Eds.
2003, Health Publications: Paris.

% Tasic V, Gucev Z. Nepbhrolithiasis and Nephrocalcinosis in Children - Metabolic and Genetic Factors. Pediatr
Endocrinol Rev. 2015 Sep;13(1):468-76.

3 Wong YV, Cook P, Somani BK. The association of metabolic syndrome and urolithiasis. Int J Endocrinol.
2015;2015:570674. doi: 10.1155/2015/570674.

4 Geraghty RM, Proietti S, Traxer O, Archer M, Somani BK. Worldwide Impact of Warmer Seasons on the Incidence
of Renal Colic and Kidney Stone Disease: Evidence from a Systematic Review of Literature. J Endourol. 2017

Aug;31(8):729-735.

> Scales CD Jr, Smith AC, Hanley JM, Saigal CS; Urologic Diseases in America Project. Prevalence of kidney stones in
the United States. Eur Urol. 2012 Jul;62(1):160-5.

® Sanchez-Martin FM, Angerri O, Emiliani E, Moncada E, Carpio J, Millan F, Villavicencio H. [Epidemiology of
urolithiasis in Spain: Review of published demographic data in the period 1977-2016.]. Arch Esp Urol. 2017
Mar;70(2):294-303.

7 Sanchez-Martin FM, Millan Rodriguez F, Esquena Fernandez S, Segarra Tomas J, Rousaud Bardn F, Martinez-
Rodriguez R, Villavicencio Mavrich H. [Incidence and prevalence of published studies about urolithiasis in Spain. A

review]. Actas Urol Esp. 2007 May;31(5):511-20.

8 Boyce CJ, Pickhardt PJ, Lawrence EM, Kim DH, Bruce RJ. Prevalence of urolithiasis in asymptomatic adults:
objective determination using low dose noncontrast computerized tomography. J Urol. 2010 Mar;183(3):1017-21.

® Glowacki LS, Beecroft ML, Cook RJ, Pahl D, Churchill DN. The natural history of asymptomatic urolithiasis. J Urol.
1992 Feb;147(2):319-21.

10 Dropkin BM, Moses RA, Sharma D, Pais VM Jr. The natural history of nonobstructing asymptomatic renal stones
managed with active surveillance. J Urol. 2015 Apr;193(4):1265-9.

" Goldsmith ZG, Lipkin ME. When (and how) to surgically treat asymptomatic renal stones. Nat Rev Urol. 2012 Mar
27;9(6):315-20.

2 Tiirk C, Pettik A, Sarica K, Seitz C, Skolarikos A, Straub M, Knoll T. EAU Guidelines on Interventional Treatment for
Urolithiasis. Eur Urol. 2016 Mar;69(3):475-82.

3 pierre S, Preminger GM. Holmium laser for stone management. World J Urol. 2007 Jun;25(3):235-9.

1 Kronenberg P, Traxer O. Update on lasers in urology 2014: current assessment on holmium:yttrium-aluminum-
garnet (Ho:YAG) laser lithotripter settings and laser fibers. World J Urol. 2015 Apr;33(4):463-9.

 Garrett C. Gaelyn, Reinisch L, Wright H. Laser surgery: Basic principles and safety considerations. In: Cummings
Otolaryngology 6 edition. Philadelphia: Elsevier. 2015. pp 884-898.

'8 Emiliani E, Herrmann TR, Breda A. Thulium laser for the treatment of upper urinary tract carcinoma (UTUC)? Are
we there, yet? World J Urol. 2015 Apr;33(4):595-7.

Y Nazif OA, Teichman JM, Glickman RD, Welch AJ. Review of laser fibers: a practical guide for urologists. J Endourol.
2004 Nov;18(9):818-29.

1 Kronenberg P, Traxer O. The truth about laser fiber diameters. Urology. 2014 Dec;84(6):1301-7.

19 Kronenberg P, Traxer O. Are we all doing it wrong? Influence of stripping and cleaving methods of laser fibers on
laser lithotripsy performance. J Urol. 2015 Mar;193(3):1030-5.

2 Haddad M, Emiliani E, Traxer O. Re: The Effect of Laser Fiber Cleave Technique and Lithotripsy Time on Power
Output. J Endourol. 2016 Nov 10. doi: 10.1089/end.2016.0492.

81



2 karaolides T, Bach C, Kachrilas S, Goyal A, Masood J, Buchholz N. Improving the durability of digital flexible
ureteroscopes. Urology. 2013 Apr;81(4):717-22.

2 Hecht SL, Wolf JS Jr. Techniques for holmium laser lithotripsy of intrarenal calculi. Urology 2013; 81:442-5.

3 Chew BH, Brotherhood HL, Sur RL, Wang AQ, Knudsen BE, Yong C, Marien T, Miller NL, Krambeck AE, Charchenko
C, Humphreys MR. Natural History, Complications and Re-Intervention Rates of Asymptomatic Residual Stone
Fragments after Ureteroscopy: a Report from the EDGE Research Consortium. J Urol. 2016 Apr;195(4 Pt 1):982-6.

2% Chawla SN, Chang MF, Chang A, et al. Effectiveness of high-frequency holmium:YAG laser Stone fragmentation:
the "pop corn effect". J Endourol 2008; 22:645-50

% Aldoukhi AH, Roberts WW, Hall TL, Teichman JMH, Ghani KR. Understanding the Popcorn Effect During Holmium
Laser Lithotripsy for Dusting. Urology. 2018 Dec;122:52-57. doi: 10.1016/j.urology.2018.08.031.

% Aldoukhi AH, Roberts WW, Hall TL, Ghani KR. Holmium Laser Lithotripsy in the New Stone Age: Dust or Bust?
Front Surg. 2017 Sep 29;4:57. doi:10.3389/fsurg.2017.00057.

7 Schatloff O, Lindner U, Ramon J, Winkler HZ. Randomized trial of stone fragment active retrieval versus
spontaneous passage during holmium laser lithotripsy for ureteral stones. J Urol. 2010 Mar;183(3):1031-5.

28 Humphreys MR, Shah OD, Monga M, Chang YH, Krambeck AE, Sur RL, Miller NL, Knudsen BE, Eisner BH, Matlaga
BR, Chew BH. Dusting versus Basketing during Ureteroscopy-Which Technique is More Efficacious? A Prospective
Multicenter Trial from the EDGE Research Consortium. J Urol. 2018 May;199(5):1272-1276.

* Weiss B, Shah O. Evaluation of dusting versus basketing - can new technologies improve stone-free rates? Nat Rev
Urol. 2016 Dec;13(12):726-733.

3 Emiliani E, Talso M, Cho SY, Baghdadi M, Mahmoud S, Pinheiro H, Traxer O. Optimal Settings for the Noncontact
Holmium:YAG Stone Fragmentation Popcorn Technique. J Urol. 2017 Sep;198(3):702-706.

3 Kronenberg P, Traxer O. In vitro fragmentation efficiency of holmium: yttrium-aluminum-garnet (YAG) laser
lithotripsy--a comprehensive study encompassing different frequencies, pulse energies, total power levels and laser
fibre diameters. BJU Int. 2014 Aug;114(2):261-7.

2 ee H, Ryan RT, Teichman JM, Kim J, Choi B, Arakeri NV, Welch AJ. Stone retropulsion during holmium:YAG
lithotripsy. J Urol. 2003 Mar;169(3):881-5.

B Sea J, Jonat LM, Chew BH, Qiu J, Wang B, Hoopman J, Milner T, Teichman JM. Optimal power settings for
Holmium:YAG lithotripsy. J Urol. 2012 Mar;187(3):914-9.

** Giusti G, Proietti S, Villa L, Cloutier J, Rosso M, Gadda GM, Doizi S, Suardi N, Montorsi F, Gaboardi F, Traxer O.
Current Standard Technique for Modern Flexible Ureteroscopy: Tips and Tricks. Eur Urol. 2016 Jul;70(1):188-194.

» Kronenberg P, Traxer O. Are we all doing it wrong? Influence of stripping and cleaving methods of laser fibers on
laser lithotripsy performance. J Urol. 2015 Mar;193(3):1030-5.

% Ritchie C, Yang P, Peplinski B, Keheila M, Cheriyan S, Abourbih S, Kelln W, Baldwin DD. Jackets Off: The Impact of
Laser Fiber Stripping on Power Output and Stone Degradation. J Endourol. 2017 Aug;31(8):780-785.

37 Peplinski B, Faaborg D, Miao E, Alsyouf M, Myklak K, Kelln W, Baldwin DD. The Effect of Laser Fiber Cleave
Technique and Lithotripsy Time on Power Output. J Endourol. 2016 Jun;30(6):678-84.

%8 Haddad M, Emiliani E, Rouchausse Y, Coste F, Berthe L, Doizi S, Buttice S, Somani B, Traxer O. Impact of laser fiber
tip cleavage on power output for ureteroscopy and stone treatment. World J Urol. 2017 Nov;35(11):1765-1770.

% Haddad M, Emiliani E, Traxer O. Re: The Effect of Laser Fiber Cleave Technique and Lithotripsy Time on Power
Output. J Endourol. 2016 Nov 10. doi: 10.1089/end.2016.0492.

4 Baghdadi M, Emiliani E, Talso M, Servian P, Barreiro A, Orosa A, Proietti S, Traxer O. Comparison of laser fiber

passage in ureteroscopic maximum deflection and their influence on deflection and irrigation: Do we really need
the ball tip concept? World J Urol. 2017 Feb;35(2):313-318.

82



“I Donaldson JF, Lardas M, Scrimgeour D, Stewart F, MacLennan S, Lam TB, McClinton S. Systematic review and
meta-analysis of the clinical effectiveness of shock wave lithotripsy, retrograde intrarenal surgery, and
percutaneous nephrolithotomy for lower-pole renal stones. Eur Urol. 2015 Apr;67(4):612-6.

42 Resorlu B, Oguz U, Resorlu EB, Oztuna D, Unsal A. The impact of pelvicaliceal anatomy on the success of
retrograde intrarenal surgery in patients with lower pole renal stones. Urology. 2012 Jan;79(1):61-6.

“ Inoue T, Murota T, Okada S, Hamamoto S, Muguruma K, Kinoshita H, Matsuda T; SMART Study Group. Influence
of Pelvicaliceal Anatomy on Stone Clearance After Flexible Ureteroscopy and Holmium Laser Lithotripsy for Large
Renal Stones. J Endourol. 2015 Sep;29(9):998-1005.

4 Orywal AK, Knipper AS, Tiburtius C, Gross AJ, Netsch C. Temporal Trends and Treatment Outcomes of Flexible
Ureteroscopy for Lower Pole Stones in a Tertiary Referral Stone Center. J Endourol. 2015 Dec;29(12):1371-8.

45 Carey RI, Martin CJ, Knego JR. Prospective evaluation of refurbished flexible ureteroscope durability seen in a
large public tertiary care center with multiple surgeons. Urology. 2014 Jul;84(1):42-5.

4 Hubosky SG, Raval AJ, Bagley DH. Locked Deflection During Flexible
Ureteroscopy: Incidence and Elucidation of the Mechanism of an Underreported Complication. J Endourol. 2015
Aug;29(8):907-12.

a Carey RI, Gomez CS, Maurici G, Lynne CM, Leveillee RJ, Bird VG. Frequency of ureteroscope damage seen at a
tertiary care center. J Urol. 2006 Aug;176(2):607-10; discussion 610.

8 Legemate JD, Kamphuis GM, Freund JE, Baard J, Zanetti SP, Catellani M, Oussoren HW, de la Rosette JJ. Durability
of Flexible Ureteroscopes: A Prospective Evaluation of Longevity, the Factors that Affect it, and Damage
Mechanisms. Eur Urol Focus. 2018 Mar 10. pii: $2405-4569(18)30079-8. doi: 10.1016/j.euf.2018.03.001.

49 Afane JS, Olweny EO, Bercowsky E, Sundaram CP, Dunn MD, Shalhav AL, et al. Flexible ureteroscopes: A single
center evaluation of the durability and function of the new endoscopes smaller than 9Fr. J Urol 2000;164:1164—

1168.

*® Ghani KR, Bultitude M, Hegarty N, Thomas K, Glass J. Flexible ureterorenoscopy (URS) for lower pole calculi. BJU
Int. 2012 Jul;110(2):294-8.

> Knudsen BE, Glickman RD, Stallman KJ, Maswadi S, Chew BH, Beiko DT, et al. Performance and safety of holmium:
YAG laser optical fibers. J Endourol 2005;19:1092-1097.

2 Mues AC, Teichman JMH, Knudsen BE. Evaluation of 24 holmium:YAG laser optical fibers for flexible
ureteroscopy. J Urol 2009;182:348-354.

>3 Akar EC, Knudsen BE. Evaluation of 16 new Holmium:Yttrium-Aluminum-Garnet laser optical fibersfor
ureteroscopy. Urology 2015;86:230-235.

>* Lusch A, Heidari E, Okhunov Z, Osann K, Landman J. Evaluation of Contemporary Holmium Laser Fibers for
Performance Characteristics. J Endourol. 2016 May;30(5):567-73.

> Lee H, Ryan RT, Teichman JM, Landman J, Clayman RV, Milner TE, Welch AJ. Effect of lithotripsy on holmium:YAG
optical beam profile. J Endourol. 2003 Mar;17(2):63-7.

*® Haddad M, Emiliani E, Rouchausse Y, Coste F, Doizi S, Berthe L, Butticé S,Somani B, Traxer O. Impact of the Curve
Diameter and Laser Settings on Laser Fiber Fracture. J Endourol. 2017 Sep;31(9):918-921.

83






PUBLISHED ORIGINAL ARTICLES

85






OPTIMAL SETTINGS FOR THE NON-CONTACT
HOLMIUM: YAG STONE FRAGMENTATION,
POP CORN TECHNIQUE

87






New Technology and Techniques

Optimal Settings for the Noncontact Holmium:YAG Stone
Fragmentation Popcorn Technique

Esteban Emiliani, Michele Talso, Sung-Yong Cho, Mohammed Baghdadi,
Sadam Mahmoud, Hugo Pinheiro and Olivier Traxer*

From the Department of Urology, Tenon Hospital (EE, MT, MB, SM, HP, OT) and Group Recherche Clinique Lithiase, Université Paris VI,
Pierre et Marie Curie (EE, OT), Paris, France, Fundacion Puigvert, Department of Urology, Universidad Autonoma de Barcelona (EE),
Barcelona, Spain, and Boramae Medical Center, Department of Urology, Seoul Metropolitan Government-Seoul National University (SYC),

Seoul, Republic of Korea

Abbreviation
and Acronym

HL = holmium:YAG laser

Accepted for publication February 23, 2017.

No direct or indirect commercial incentive
associated with publishing this article

The corresponding auther certifies that, when
applicable, a statement(s) has been included in
the manuscript documenting institutional review
board, ethics committee or ethical review board
study approval; principles of Helsinki Declaration
were followed in lieu of formal ethics committee
approval; institutional animal care and use
committee approval; all human subjects provided
written informed consent with guarantees of
confidentiality, IRB approved protocol number;
animal approved project number.

* Correspondence: Department of Urology,
Tenon Hospital, Université Pierre et Marie Curie-
Paris VI, 4, rue de la Chine, Paris, France 75020
(telephone: +33 156016153; FAX: 33156016377,

e-mail: olivier.traxer@tnn.aphp.fr).

702 | www.jurology.com

Purpose: The purpose of this study was to evaluate the popcorn technique using
a wide range of holmium laser settings and fiber sizes in a systematic in vitro
assessment.

Materials and Methods: Evaluations were done with 4 artificial stones in a
collection tube. A fixed ureteroscope was inserted through a ureteral access
sheath to provide constant irrigation flow and the laser was placed 1 mm from
the bottom. Combinations of 0.5 to 1.5 J, 10 to 20 and 40 Hz, and long and short
pulses were tested for 2 and 4 minutes. We used 273 and 365 um laser fibers. All
tests were repeated 3 times. The stones were weighed before and after the
experiments to evaluate the setting efficiency. Significant predictors of a highly
efficient technique were assessed.

Results: A total of 144 tests were performed. Mean starting weight of the stones
was 0.23 gm, which was consistent among the groups. After the experiment the
median weight difference was 0.07 gm (range 0.01 to 0.24). When designating a
50% reduction in stone volume as the threshold indicating high efficiency,
the significant predictors of an efficient popcorn technique were a long pulse
(OR 2.7, 95% CI 1.05—7.15), a longer duration (OR 11.4, 95% CI 3.88—33.29), a
small (273 pm) laser fiber (OR 0.23, 95% CI 0.08—0.70) and higher power (W)
(OR 1.14, 95% CI 1.09—1.20).

Conclusions: Higher energy, a longer pulse, frequencies higher than 10 Hz, a
longer duration and a smaller laser fiber predict a popcorn technique that is more
efficient at reducing stone volume.

Key Words: kidney calculi; lasers, solid state; ureteroscopy;
ablation techniques; in vitro techniques

FLEXIBLE ureteroscopy and HL are a
standard of care for renal urolithiasis
less than 2 cm.! HL is a safe and
versatile laser that has been shown to
efficiently fragment urinary stones
of all compositions.”® HL even offers
the possibility of adjusting laser pa-
rameters to perform different modal-
ities of stone ablation such as dusting
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and fragmentation.? Several tech-
niques of laser lithotripsy have been
described for efficient treatment of
stones.?

In situations in which multiple
fragments are present in 1 calyx
the popcorn technique was reported
to significantly reduce the stone
burden.® To our knowledge only 1
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study has been done to evaluate the efficacy of this
technique.®

New parameters such as pulse duration have been
added to the HL in recent years and studies of laser
fiber handling have provided new recommendations
to improve performance.? However, with these added
possibilities no consensus has been reached regarding
the best settings for performing stone fragmentation.

The objective of this study was to systematically
evaluate in an in vitro setting the efficacy of the
popcorn technique when done using the newest HL:
parameters.

MATERIALS AND METHODS
Artificial hard stones were made using a mix of 30 gm
Bego Stone™ in 6 cc saline as recommended by the
manufacturer. The plaster was poured into plastic cylin-
ders and left to dry overnight. The stones were then cut to
obtain 4 to 5 mm (125 mm®) specimens (part @ of figure).
Computerized tomography performed to evaluate stone
hardness revealed a 1,900 HU structure (part b of figure).
To perform the tests the stones were divided into 144
groups with 4 stones per group.

Each evaluation consisted of placing 4 stones in a
Vacutainer® collection tube. A ureteral access sheath was
inserted in each tube to introduce a loaded ureteroscope,

C

which enabled a constant flow at 40 em H;0 as recom-
mended for flexible ureteroscopy (part ¢ of figure).® The
laser was placed 1 mm from the bottom of the tube con-
taining the stones (parts d and e of figure) and 3 mm from
the scope tip.” The endoscopic vision of each procedure
was recorded.

Various settings were used, including an overall power
count between 5 and 60 W. We tested combinations of
0.5 and 1.5 J, 10, 20 and 40 Hz, and long and short
pulses of 500 and 750 microseconds, respectively. Evalu-
ations were performed with 273 and 365 um fibers, which
were cleaved for each experiment to avoid bias due to
fiber degradation. Each setting and fiber combination
was performed for 2 and 4 minutes of laser lithotripsy
(table 1). Each trial was repeated 3 times. Each group of 4
stones was weighed in a Mettler Toledo® AT200™ elec-
tronic balance scale (205.000 gm) and recorded.

After the experiments the ablated stones were poured
into a strainer to allow only fragments larger than 0.3 mm
to be retained. These remaining fragments were
conserved in the tube and dried overnight to ensure that
water absorption would not influence weight. Stone
weights and sizes before and after ablation were
compared. A median stone volume reduction of 50% was
arbitrarily determined as the cutoff level above which the
popcorn technique was defined as highly efficient.

Logistic regression analysis was done. Significant
predictors of a highly efficient popcorn technique were
analyzed with significance considered at p <0.05.

Experiment materials and methods
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Table 1. Experimental settings of each factor

Energy (J) 05 15
Frequency (Hz) 10 20
Pulse Short Long
Time (mins) 2 4
Fiber {pm) 273 365
RESULTS

A total of 144 evaluations were performed using
576 stone specimens with a mean baseline size of
4.3 mm (range 4.1 to 5) and a mean height of 4 mm
(range 3.9 to 4.4). There was no statistical difference
among the stones. Overall the stone groups were
comparable and had a consistent weight (mean
0.23 gm, range 0.16 to 0.35).

After the experiments the median weight loss of
the stones was 0.07 gm (range 0.01 to 0.24). Using
the median value of the stone volume reduction as
the cutoff level above which the popcorn technique
was defined as highly efficient, the significant pre-
dictors of a high efficiency popcorn technique were
high energy (OR 19.2, 95% Cl 6.40-57.74,
p <0.001), long pulse (OR 2.6, 95% CI 1.02—6.52,
p = 0045), frequency 20 or 40 Hz (vs 10 Hz, OR 13.9,
95% CI 4.37—44.18, p <0.001), longer time (OR 10.2,
95% CI 3.59—28.93) and small (273 pm) laser fibers
(OR 0.3, 95% CI 0.12—0.81, p = 0.0186, table 2). On
multivariate analysis small laser fiber size, a longer
pulse and longer time were the most important
factors predicting an efficient popcorn technique.

When analyzing the endoscopic view, all views of
fragmentation using 40 Hz were blurred.

DISCUSSION

HL is a safe and versatile laser that is the most
widely used laser in urology, especially for stone
treatment.? Today new laser parameters are avail-
able that can be used to perform different ablation
effects on stones. Several techniques have been
described (eg dusting, chipping or fragmentation)?
since stone treatment must be tailored according
to stone hardness, composition, size, number and/or
location.*

Table 2. Significant predictors of popcorn technique

The presence of multiple calyceal stones often
presents a particular challenge as there may be too
many to consider a time-consuming procedure of
fragmentation and extraction. In addition, they may
be too large to be considered insignificant residual
fragments in the range of greater than 4 mm
according to recent studies.® In this situation the
popcorn technique was reported to significantly
reduce the stone burden by taking advantage of the
stone motion (a whirlpool-like phenomenon) created
by the continuous firing of the laser from a fixed
place between the stones, thereby creating constant
stone-laser impacts.”

To our knowledge only Chawla et al have previ-
ously reported the efficacy of noncontact stone
fragmentation.? They found that using a setting of
1.5 J and 40 Hz was most efficient for stone frag-
mentation after 2 minutes, achieving a 60% stone
weight reduction. However, regarding the delivered
kd, the setting using 1 J and 20 Hz resulted in the
greatest weight reduction of 18%. Chawla et al
recommended 1 J and 20 Hz as the optimal setting
due to decreased efficacy when using higher settings
(1.5 J and 40 Hz). The study only included 365 pm
fibers and the laser pulse was not measured. Hecht
and Wolf described different settings (0.5 to 0.8 J
and 16 to 20 Hz) based on the former study and
their clinical experience.* Our evaluation produced
similar results. Higher energy (1.5 vs 0.5 J) and
higher frequencies (20 to 40 vs 10 Hz) resulted in a
significant stone burden reduction.

Based on the original article by Chawla et al® the
fact that not all settings were consistently efficient
begs the question of the extent to which the tech-
nique depends only on energy. Stone motion can be
affected by energy and frequency, by increasing
retropulsion and by decreasing the number of stone-
laser contacts.

It is known that 272 pm fibers generate higher
energy density than larger fibers and the efficiency
of all fibers decreases when energy greater than 1J
is applied with a smaller loss for large fibers.
However, 272 pm fibers have the same irradiance
fluency (J/cm?) as 365 um fibers according to the

Univariate Multivariate

OR (95% Cl) p Value OR (95% Cl) p Value

Energy (05 vs 15 J} 19.229 (6.404-57.737) <0.001 19.229  (6.404—57.737) <0.001

Pulse {short vs long) 2579  (1.020—6522) 0.045 2579  (1.020—6522) 0.045
Frequency (Hz):

10 or Less vs 20 or greater 13891 (4.367—44.178) <0.001 13891  (4.367—44.178) <0.001

20 or Less vs 40 50.699 (11.671—220.237) <0.001 50.699 (11.671—220.237) <0.001

Time (2 vs 4 mins) 10187  ({3.588—28.925} <0.001 10187 (3.588—28.925) <0.001

Fiber (273 vs 365 pm) 0316  (0.123—0.808) 0.016 0316  (0.123-0.808) 0.016

Significance was considered at p <0.05.
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separation distance.” The numerical aperture of
the small fibers used was greater than that of large
ones (0.22 vs 0.29). Therefore, despite the higher
energy density at the fiber tip the effective energy
density at the stone surface might be lower.
Nonetheless Kronenberg and Traxer found no dif-
ference between small and large fibers at the same
power or energy setting in regard to the frag-
mented volume of a stone.? Small fibers produced
deeper fissures and large fibers produced wider
fissures.

When assessing the new HL parameters,
Kronenberg and Traxer also noted that short pulses
produce a higher stone volume ablation rate than
longer pulses.? Thus, they recommended short
pulses for fragmentation rather than dusting.
Furthermore, it is known that the combination of
short pulses and larger laser fibers can increase
retropulsion.’®2 It has also been shown that less
retropulsion may be more efficient for stone abla-
tion.''? In the current experiment this may
explain why a longer pulse and a smaller fiber were
more efficient because each causes less retropulsion
and could lead to more frequent laser impacts.

Additionally, even at higher retropulsion rates
better ablation can be achieved by increasing energy
since higher energy increases the crater volume
generated by the laser impact.>*%1% As stated, not
only does energy need to be considered in this
technique but also stone motion. More energy pro-
duces more ablation but less retropulsion in a closed
environment such as calyces or a Vacutainer tube,
which could signify more efficient impacts in a high
energy setting.

New studies have resulted in recommendations
regarding laser fiber size and handling, showing
that coated fibers achieve higher ablation rates than
stripped fibers.!* It is for this reason that we cut the
fiber tip before and during surgery as coated fibers
are easier to see than transparent tips while work-
ing. Increased visibility means that they may
remain attached if they accidentally break and
prevent back burns to the scope during lasering.
Following this line of thought we made a clean cut
with metallic scissors for each experiment.

Furthermore, smaller fibers are usually recom-
mended because they allow for better irrigation and
less deflection deterioration, and are as effective as
large fibers.’® Our current results support the
recommendation of small fibers.

Regarding stone hardness, in the current study
we systematically used 1,900 HU synthetic stones.
Clinically these results may be more indicative for
treating hard stones, although even better results
may be achieved with soft stones.

Finally even if higher energy generates better
ablation rates, the lack of a clear visual field during
surgery may force the surgeon to repeatedly stop
fragmentation, resulting in lost time. When we
analyzed the endoscopic views of the experiment,
energy and frequency were determinant factors of
the quality of the field of vision. At 0.5 J the field of
vision was always clear but when 1.5 J was used,
clarity depended on the frequency. While 10 and
20 Hz resulted in a clear view, using 40 Hz resulted
in the visual field being completely blurred by dust
after a few seconds.

Our recommendation for an efficient popcorn
technique is to use small laser fibers, a long pulse
and an adequate duration (at least 4 minutes) to
achieve a clinically insignificant stone burden. The
best compromise would be to use 1.5 J and up to
20 Hz to allow for efficient ablation while retaining
adequate vision quality.

This study has the limitation of the in vitro
scenario. In real practice the calyces can differ from
the environment of our experiments. Nevertheless,
these results can provide useful indications for
performing the popcorn technique.

CONCLUSIONS

Higher energy, a long pulse, a frequency of 20 to
40 Hz, a longer duration and small laser fibers are
significant predictors of a highly efficient popcorn
technique. A good compromise would be a long
pulse, 1.5 J and 20 Hz with a 273 um laser fiber
and taking as much time as possible (more than
4 minutes) to produce clinically insignificant
fragments.
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EDITORIAL COMMENT

The Ho:YAG laser works by a photothermal mech-
anism that involves direct absorption of photons
on the stone surface.! Ho:YAG lithotripsy is most
efficient when the stone is in a fixed position and
the stone surface is targeted in contact mode with
the laser fiber oriented to the stone surface at a
normal incidence (references 2 and 13 in article).!
Occasionally circumstances may render contact
mode laser lithotripsy problematic. For example,
in a calyx the fiber might not orient at all to the
stone surface. The popcorn technique may be use-
ful here.

Ho:YAG energy is well absorbed in water and it
creates vapor bubbles that expand and collapse.”

By agitating the water with vapor bubbles the
stones will displace and periodically come into
contact with the fiber tip, enabling contact litho-
tripsy to occur. This technique is useful when
contact lithotripsy cannot be achieved by any other
means. But if I am given the chance to target a
stone directly with the laser vs this “lottery ball”
(popcorn) technique, I would choose direct contact
lithotripsy.

Joel M. H. Teichman
Department of Urologic Sciences
University of British Columbia
Vancouver, British Columbia
Canada
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REPLY BY AUTHORS

We absolutely agree that Ho:YAG lithotripsy is
most efficient when stones are targeted directly
with the laser fiber. Nevertheless the presence of
multiple calyceal stones often presents a particular
challenge, especially with hard stones such as cal-
cium oxalate monohydrate. Direct fragmentation
will produce fragments exponentially. Targeting
each stone separately may not always be easy due to
kidney movement or retropulsion at high energy
and short pulse fragmentation settings (reference
10 in article). Also, fragmentation and extraction
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may be time-consuming. In these situations in
which there are multiple clinically significant frag-
ments in a calyx (reference 8 in article) the popcorn
technique is useful when good settings are needed to
be truly efficient.

Finally, we called the technique the popcorn
effect according to the initial description by Chawla
et al (reference 5 in article). Curiously we have
found many names to describe it, such as lottery
ball, pop-dusting or washing machine. A common
name may be suggested to avoid confusion.
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Abstract

Objective: To analyze the risk factors for laser fiber fractures when deflected to form a curve, including laser
settings, size of the laser fiber, and the fiber bending diameter.

Materials and Methods: Single-use 272 and 365 um fibers (Rocamed®, Monaco) were employed along with a
holmium laser (Rocamed). Five different fiber curve diameters were tested: 9, 12, 15, 18, and 20 mm. Frag-
mentation and dusting settings were used at a theoretical power of 7.5 W. The laser was activated for 5 minutes
and the principal judgment criterion was fiber fracture. Every test for each parameter, bending diameter, and
fiber size combinations was repeated 10 times.

Results: With dusting settings, fibers broke more frequently at a curved diameter of 9mm for both 272 and
365 pum fibers ( p=0.037 and 0.006, respectively). Using fragmentation settings, fibers broke more frequently at
12 mm for 272 pm and 15 mm for 365 um (p=0.007 and 0.033, respectively). Short pulse and high energy were
significant risk factors for fiber fracture using the 365 um fibers (p=0.02), but not for the 272 um fibers
(p=0.35). Frequency was not a risk factor for fiber rupture. Fiber diameters also seemed to be involved in the
failure with a higher number of broken fibers for the 365 um fibers, but this was not statistically significant when
compared with the 272 um fibers (p>0.05).

Conclusion: Small-core fibers are more resistant than large-core fibers as lower bending diameters (<9 mm) are
required to break smaller fibers. In acute angles, the use of small-core fibers, at a low energy and long-pulse
(dusting) setting, will reduce the risk of fiber rupture.

Keywords: uretersocopy, urolithiasis, laser, fiber, deflection, lower pole lithotripsy

Introduction

LEXIBLE URETEROSCOPY IS an established procedure for
urolithiasis, especially for renal stones <2cm.! Never-
theless, treatment outcomes are associated with technical lim-
itations of flexible ureteroscopes (fURSs) when working in
acute angle calices, and breakages can be associated with costly
repairs.? This is especially true for lower pole stones, and lower
pole stone lithotripsy has been described as risky for fURSs.?
Mechanisms of scope damage include acute deflecting
angles (or small bend diameters) that may cause mechanical

damage and laser fiber rupture leading to thermal breakdown
during firing, resulting in laser energy leaking directly in the
ureteroscope.

Physical properties of laser beams could explain why a
fiber rupture can occur, but risk factors and laser settings that
result in fiber fractures are not well determined using newer
holmium laser parameters.

The purpose of this study is to analyze the risk factors for
laser fiber fracture when deflected to form a curve including
laser settings, size of laser fiber, and fiber bending diameter to
determine safety measures for lower pole lithotripsy.

1Depanment of Urology, Tenon Hospital, Pierre and Marie Curie University, Paris VI, Paris, France.
2Gr0upe de Recherche Clinique sur la Lithiase Urinaire, GRC n°20, Sorbonne Universités, UPMC Univ, Paris VI, Department of

Urology, Tenon Hospital, Paris XX, Paris, France.

*Process and Engineering in Mechanics and Materials Laboratory (PIMM), UMR CNRS/ENSAM, Paris VI, Paris, France.
4Dcpa.rt.mcnt of Urology, Fundacién Puigvert, Universidad Auténoma de Barcelona, Barcelona, Spain.
3Section of Urology, Department of Human Pathology, University of Messina, Messina, Italy.

epartment of Urology, University Hospitals Southampton NHS Trust, Southampton, United Kingdom.

918

97



Downloaded by FUNDACIO PUIGVERT from www.liebertpub.com at 05/20/19. For personal use only.

IMPACT OF THE CURVE DIAMETER ON LASER FIBER

Materials and Methods

Single use 272 and 365 ym fibers (Rocamed®, Monaco)
were employed for these experiments along with an MHO1-
ROCA FTS-30W holmium laser (Rocamed). Although these
fibers had similar composition, the numerical aperture of the
272 pm fiber was 0.27 and the numerical aperture of the
365 pm fiber was 0.22.

Five different fiber-bending diameters (mm) were tested:
9,12, 15, 18, and 20 mm. A testing set was designed to keep
the bending diameter static during the experiments. Soft
silicone tubes, secured by plastic screws (to hold the fibers
without causing damages), supported the fibers.

Fiber bending diameter was defined as the length between
the opposite sides of a fully deflected fiber measured at 180°
(descending and ascending sides of a curved fiber) (Fig. 1).
We considered that 9 mm is the bend diameter that represents
the most acute angle that a ureteroscope might deflect for
lower pole lithotripsy in difficult anatomical situations. No
previous publication supports this bend diameter, but it is the
mean of diameters we measured over several cases. The other
diameters were randomly chosen to test wider values mim-
icking calices easier to navigate through.

Two different laser settings were established: fragmenta-
tion settings (short pulse [265+70 us], 1.57J, and 5Hz) and
dusting settings (long pulse [1100+70 ps], 0.57, and 15 Hz).
All the theoretical powers were set at 7.5 W. The energy
power output and transmission were measured with a Mo-
lectron EPM 1000 (Coherent, Inc.) wattmeter.

The laser was activated for 5 minutes in every experiment
and the principal judgment criterion was fiber fracture. Every
test for each parameter, bending diameter, and fiber size
combinations was repeated 10 times.

A high-speed camera (Photron Ultima APX-RS 3000) at
10,000 frames per second was used to record fiber fractures.
Images analysis was performed using the Photron FastCAM
Viewer 2.4 software. Statistical analysis was performed using
Fischer test on BioStaTGV® (France), with a significant level
set at p<0.05.

Results

Using the dusting settings, fibers broke more frequently at
a bend diameter of 9mm for both 272 and 365 ym fibers
(p=0.037 and 0.006, respectively). With these parameters,
20% of the 272 ym fibers broke at a bend diameter of 9mm,
whereas none of the fibers broke at diameters >12mm. For

Fiber curve
diameter

FIG. 1. Fiber bending diameter.
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the 365 pym fibers, 30% broke at a bend diameter of 9 mm,
whereas none of the fibers broke at diameters =12 mm.

Using the fragmentation settings, fibers broke more fre-
quently at diameters of <12 mm for 272 ym and <15 mm for
365 ym (p=0.007 and 0.033, respectively). With these pa-
rameters, 25% of the 272 pym fibers broke at a bend diameter
of 12mm or below, whereas none of the fibers broke at di-
ameters of 15 mm or above. For the 365 ym fibers, 33% broke
at a bend diameter of 15 mm or below, whereas only 5% of
the fibers broke at diameter of 18 mm or above.

Short pulse and high energy were significant risk factors of
fiber fracture for the 365 ym fibers (p=0.02), but not for the
272 pm fibers ( p=0.35). High frequency was not a risk factor
for fiber mpture.

Fiber diameters also seemed to be involved in the failure,
with higher number of broken fibers for the 365 pm fibers but
no significant difference was found when compared with the
272 pm fibers (p>0.05). All the fiber failures occurred
within the first few seconds of use.

On the images analyzed with the high-speed camera
(Fig. 2B, C), alight buming spot in the fiber protective sheath
was seen before the rupture occurred. Also, the fibers did not
fail at the maximal deflection point but failed slightly next to
the beginning of the curve (Fig. 2C). Table 1 sammarizes the
laser fiber fractures for the 272 and 365 ym fibers.

Discussion
Findings from previous similar studies

The fURS fragility and breakages have always been a
major concermn for urologists because of their costly repajrs2
or secondary to complications such as locked deflection.®

FIG. 2. (A) Laser refraction in a straight and bent fiber.
(B) Bent fiber showing the buming point (white arrow)
before breaking. (C) Fiber breakage sequence.
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TABLE 1. FIBER FAILURE AT DIFFERENT SETTINGS AND DIFFERENT CURVE DIAMETERS
W 9mm, % 12mm, % 15mm, % 18mm, % 20mm, %
Dusting LP—0.57J, 15Hz 272 20 0 0 0 0
365 30 0 0 0 0
Fragmentation SP—1.5]J, 5Hz 272 50 0 0 0 0
365 90 10 0 0 10

Several intraoperative mechanisms for fURS damage have
been studied. It has been shown in a prospective study that
>36% of cases of fURS breakages involved laser misfiring
and >28% involved excessive torque.” Lower pole access and
lithotripsy, which sometimes require forced positions with
small deflection diameters, are particularly at risk for fURS
breakages, and result in mechanical damages mainly in the
junction between the shaft and the bending tip.” In addition,
working channel perforations during laser firing have also
been described as an important cause for fURS damage.”

Several studies have demonstrated that the properties of
different laser fibers differ with their manufacturing brand,
with regard to its flexibility, durability, failure, energy
transmission, and true fiber diameter.*%° They all conclude
that performance characteristics differ significantly between
different laser fiber diameters and manufacturers.

Knudsen et al.* evaluated several brands of laser fibers
with regard to the critical bend diameters while running in-
creasing levels of pulsed energy. Their results showed that
laser fibers, when bent, have different levels of resistance to
fiber fracture and this differs from brand to brand. For similar
sized fibers from different manufacturers, some fibers broke
at a diameter of 10 mm, whereas others broke at 20 or 30 mm.

Findings from our study

As described in the literature, we chose to use the two pa-
rameters commonly used in real-life lithotripsy: dusting and
fragmentation.’® Our results confirmed that different fiber di-
ameters do not have the same resistance to fiber fracture. The
272 ym fibers broke at a bend diameter of <9mm for the
dusting parameter and <12 mm for the fragmentation param-
eter, although the 365 um fibers broke at 9 mm for the dusting
parameter, but required a larger bend of 15 mm to break with
the fragmentation parameter. Although not statistically sig-
nificant, smaller fibers seemed to be less likely to break,
probably because they are less rigid and bend more easily.

With regard to the settings, higher laser fiber fracture rates
were seen with the fragmentation setting than with the dusting
setting. As described, fragmentation settings require high en-
ergy and short pulse length, but it was not clear whether pulse
length or the energy is more involved in the fiber failure. Lusch
and colleagues™ concluded that there is a trend for less fiber
breakage with long pulse, high energy, and low frequency. Our
results showed that there is a trend for less fiber fracture with
long pulse, low energy, and high frequency.

Properties of laser fiber explaining our findings

Fiber fracture while bent involves two physical phenom-
enons: numerical apperture and total internal reflection.'?
Numerical aperture is a value of the laser fiber that deter-
mines the angle that the laser beam needs to enter the fiber
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from the machine. A correct angle allows the beam to be
properly refracted until the fiber tip. This parameter can be
calculated with the laser refractive indexes of the two silica
layers that constitute the holmium laser fiber. It can be cal-
culated by an equation where nl and n2 are the refractive
indexes of both silica layers: N.A. = sin =+/nl —n2.

Total internal reflection is defined by Snell-Descartes’s
law, which states that the incident and refracted light rays’
angles are equal when the light beam reflects on an interface.
Tt occurs when light rays in an optically dense medium try to
propagate into a less optically dense medium. Light is re-
flected back into the original medium if the incident ray has
an angle that equals or exceeds the critical angle of total
internal reflection. This critical angle is a function of the
numerical aperture. In laser fibers, these two media are the
core and the cladding, and their interface acts as a reflector
when the light rays’ angle equals or exceeds the critical angle
of total internal reflection.

When a laser fiber bends, the incident ray might be less
than the critical angle, and energy leaks through the cladding,
resulting in fiber failure at a burning point (Fig. 2A). This
burning point was seen with the high-speed camera (Fig. 2B)
before the fiber fracture (Fig. 2C) in microseconds.

Another physical property that is involved in fiber failure
with curved/bent fiber is evanescence. When laser energy
propagates through the fiber, not all the light is reflected
through the core, some of it penetrates into the cladding: this
phenomenon is called evanescence (Fig. 2A). Evanescence
can be multiplied by high energy, or stressed fibers (for ex-
ample, when they are curved/bent).

All of these properties explain why an over bent fiber is
more likely to fail during laser firing.

Lee et al. *? studied the optical beam profile with straight
and bent fibers, with a pyroelectric camera. They demon-
strated that straight fibers have a near-Gaussian beam profile,
whereas bent fibers have a slightly flatter beam profile than
the straight fibers. These results show that light, therefore
energy, is not transmitted in the same manner if the fiber is
straight or bent.

Fiber failure occurs at the first few seconds of laser firing
and slightly next to the beginning of the curve, not at the
maximal deflection point. We believe that this is caused by
the difference between mechanical failure, which is caused
by a tight bent diameter, and optical failure, which is caused
by loss of total internal reflection and evanescence.'?

Recommendations for clinical use based
on our findings

The clinical applications for lower pole lithotripsy that we
recommend from our results are to use small core fibers
(<300 pm), with low energy and long pulse length, to reduce
the stone size until it can be relocated in a safer location.
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Small diameter curves may apply restrictions to the fiber
leading to fiber breakage inside the fURS at the curving point.
The small core fibers and dusting settings may lower the odds
of fiber fracture during firing and avoid energy leaking di-
rectly to the ureteroscope, causing fURS damage and finally
costly repairs.”**

Nowadays, there is a trend for single-use fURS,>!® es-
pecially for difficult kidney anatomies. As fURS fragility is
not a concern with this new disposable instrument, urologists
must take those into consideration for selected cases wherein
there is higher likelihood for fURS damage.

Limitations of our study

A limitation of this study is that we used only one brand of
laser fiber (Rocamed) for purposes of experimental consis-
tency. As already stated, several studies have demonstrated
that every fiber brand does not have the same properties with
regard to flexibility, durability, failure, energy transmission,
and true fiber diameter. Also, we used a 365 um fiber, which
is not regularly used in lower pole lithotripsy. We chose to
compare a flexible fiber (272 ym) and a more rigid fiber
(365 um) to assess whether small core fibers should be a
standard in lower pole lithotripsy. Further studies are needed
with more fiber brands, especially for the relationship be-
tween pulse length, energy, and fiber fracture.

Conclusion

The safety of using laser fibers in narrowed deflections could
be improved by using small core fibers and low energy/long
pulse setting as they have shown to be less likely to fracture.
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