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Abstract

The subject of this thesis is holmium laser lithotripsy (Holmium:yttrium-aluminum-garnet). This
thesis is presented in accordance with the current regulations of the cycle of studies leading to
the degree of Doctor of Medicine at NOVA Medical School — Faculdade de Ciéncias Médicas da
Universidade Nova de Lisboa, Regulation No. 519/2015 published in Didrio da Republica, 2nd
series, No. 153, on August 7, 2015. This thesis is presented in the form of a compilation of already
published scientific works as an alternative to the thesis, in accordance with articles 4 and 20 of
the aforementioned regulation.

The scientific works included are:

Article 1: 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 International 2014;
114(2):261-7 (doi: 10.1111/bju.12567 PubMed ID: 24219145).

Video 1: Kronenberg P, Traxer O. V1718 Laser fibers, pulse energy and retropulsion — what we
can see and what we can't. The Journal of Urology 2013; 189(4):e707 (doi:
10.1016/j.juro.2013.02.2964).

Video 2: Kronenberg P, Traxer O. Myths, Doubts, and Facts about Laser Lithotripsy. Journal of
Endourology Part B, Videourology 2014; 2(28) (doi: 10.1089/vid.2013.0101).

Article 2: Kronenberg P, Traxer O. The truth about laser fiber diameters. Urology 2014,
84(6):1301-7 (doi: 10.1016/j.urology.2014.08.017 PubMed ID: 25432821).

Article 3: Kronenberg P, Traxer O. Are we all doing it wrong? Influence of stripping and cleaving
methods of laser fibers on laser lithotripsy performance. The Journal of Urology 2015;
193(3):1030-5 (doi: 10.1016/j.juro.2014.07.110 PubMed ID: 25102206).

Article 4: 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
Journal of Urology 2015; 33(4):463-9 (doi: 10.1007/s00345-014-1395-1 PubMed ID: 25185524).

Article 5: Kronenberg P, Traxer O. Lithotripsy Performance of Specially Designed Laser Fiber Tips.
The Journal of Urology 2016; 195(5):1606—12 (doi: 10.1016/].juro.2015.10.135 PubMed ID:
26523881).

Article 6: Villa L, Cloutier J, Compérat E, Kronenberg P, Charlotte F, Berthe L, Rouchausse Y,
Salonia A, Montorsi F, Traxer O. Do We Really Need to Wear Proper Eye Protection When Using
Holmium:YAG Laser During Endourologic Procedures? Results from an Ex Vivo Animal Model on
Pig Eyes. Journal of Endourology 2016; 30(3):332-7 (doi: 10.1089/end.2015.0232 PubMed ID:
26472513).

Editorial: Kronenberg P. Editorial Comment on: Ureteroscopic High-Frequency Dusting Utilizing
a 120-W Holmium Laser by Tracey et al. Journal of Endourology 2018; 32(4):296 (doi:
10.1089/end.2018.0152 PubMed ID: 29495879).
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Article 7: Kronenberg P, Somani B. Advances in Lasers for the Treatment of Stones —a Systematic
Review. Current Urology Reports 2018; 19(6):45 (doi: 10.1007/s11934-018-0807-y PubMed ID:
29774438).

Article 8: Lildal SK, Andreassen KH, Baard J, Brehmer M, Bultitude M, Eriksson Y, Ghani KR, Jung
H, Kamphuis G, Kronenberg P, Turney B, Traxer O, Ulvik @, Osther PJS. Consultation on kidney
stones, Copenhagen 2019: aspects of intracorporeal lithotripsy in flexible ureterorenoscopy.
World Journal of Urology 2021; 39(6):1673—82 (doi: 10.1007/s00345-020-03481-9 PubMed ID:
33067728).

Article 9: Keller EX, Kronenberg P, Tailly T, Corrales M, Juliebg-Jones P, Pietropaolo A, Somani B,
Coninck V de. Laser accessories: surgical fibers, strippers, cleavers, and protective glasses.
Current Opinion in Urology 2022; 32(3):330-8 (doi: 10.1097/MOU.0000000000000977 PubMed
ID: 35256579).

Article 10: Kwok J-L, Coninck V de, Ventimiglia E, Panthier F, Corrales M, Sierra A, Emiliani E,
Talso M, Miernik A, Kronenberg P, Enikeev D, Somani B, Ghani KR, Traxer O, Keller EX. Laser
Ablation Efficiency, Laser Ablation Speed, and Laser Energy Consumption During Lithotripsy:
What Are They and How Are They Defined? A Systematic Review and Proposal for a Standardized
Terminology. European Urology Focus 2024 Jul;10(4):599-611 (doi: 10.1016/j.euf.2023.10.004
PubMed ID: 37940392).

According to the quantitative criteria and in compliance with the calculation method in Article
20 of Regulation 519/2015 of August 7, the score obtained from the sum of the published works
is 71.07 (Table 1). Three relevant publications are also mentioned, and although they are
published in indexed journals and have been peer-reviewed, they are not classical articles in the
strict sense, so they do not have any value in the score.
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Title of the scientific paper

Scientific
Journal

Citations

First

author?

Impact
factor at
publication
date

Impact
factor at
the
current
date

Score at
publication
date

Score

at the
current
date

Article 1: 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
international

111

Yes

3.533

5.969

7.07

11.94

Video 1: V1718 Laser fibers, pulse energy
and retropulsion — What we can see and
what we can't

The Journal of
Urology

14

Yes

Video 2: Myths, Doubts, and Facts about
Laser Lithotripsy.

Journal of
Endourology

Part B,
Videourology

Yes

Article 2: The truth about laser fiber
diameters

Urology

34

Yes

2.188

2.633

4.38

5.27

Article 3: Are we all doing it wrong?
Influence of stripping and cleaving
methods of laser fibers on laser

The Journal of
Urology

53

Yes

4.700

7.641

9.40

15.28

Article 4: Update on lasers in urology
2014: current assessment on
holmium:yttrium-aluminum-garnet
(Ho:YAG) laser lithotripter settings and
laser fibers

World Journal
of Urology

205

Yes

2.397

3.661

4.79

7.32

Article 5: Lithotripsy Performance of
Specially Designed Laser Fiber Tips

The Journal of
Urology

26

Yes

5.157

7.641

10.31

15.28

Article 6: Do We Really Need to Wear
Proper Eye Protection When Using
Holmium:YAG Laser During Endourologic
Procedures? Results from an Ex Vivo
Animal Model on Pig Eyes.

Journal of
Endourology

39

No

1.124

2.619

1.12

2.62

Editorial Comment on: Ureteroscopic
High-Frequency Dusting Utilizing a 120-W
Holmium Laser by Tracey et al.

Journal of
Endourology

Yes

Article 7: Advances in Lasers for the
Treatment of Stones — a Systematic
Review

Current
Urology
Reports

175

Yes

2.079

2.872

4.16

5.74

Article 8: Consultation on kidney stones,
Copenhagen 2019: aspects of
intracorporeal lithotripsy in flexible
ureterorenoscopy.

World Journal
of Urology

25

No

4.226

3.661

211

1.83

Article 9: Laser accessories: surgical
fibers, strippers, cleavers, and protective
glasses.

Current
Opinion in
Urology

10

No

2.808

2.808

2.81

2.81

Article 10: Laser Ablation Efficiency, Laser
Ablation Speed, and Laser Energy
Consumption During Lithotripsy: What
Are They and How Are They Defined? A
Systematic Review and Proposal for a
Standardized Terminology.

European
Urology
Focus

12

No

5.952

5.952

2.98

2.98

Total as first author

604

9

40.11

60.83

Total

705

13

49.13

71.07

Table 1 — The score or sum of the impact factors of the published articles is obtained using the
following methodology: the impact factor of the journal is used, doubled for works in which the
doctoral candidate is the first author; for articles in which he/she is not the first author and with
up to and including 10 authors, the impact factor is used; if he/she is not the first author and the
article has more than 10 authors, the impact factor divided by 2 is used. In quantitative terms,
the candidate must achieve, according to the methodology presented, a sum score of impact
factors >=20, and must obtain a minimum score of 10 as first author.
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Resumo

O tema da presente tese é litotricia a laser de hélmio (Holmium:yttrium-aluminum-garnet). Esta
tese é apresentada de acordo com o regulamento vigente do ciclo de estudos conducente ao
grau de Doutor em Medicina da NOVA Medical School — Faculdade de Ciéncias Médicas da
Universidade Nova de Lisboa, Regulamento n.2 519/2015 publicado em Didrio da Republica, 2.2
série, N.2 153, a 7 de Agosto de 2015. A tese é apresentada sob forma de compilagdo de
trabalhos cientificos ja publicados alternativos a tese, de acordo com os artigos 4.2 e 20.2 do
referido regulamento.

Os trabalhos cientificos incluidos sdo:

Artigo 1: 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 International 2014;
114(2):261-7 (doi: 10.1111/bju.12567 PubMed ID: 24219145).

Video 1: Kronenberg P, Traxer O. V1718 Laser fibers, pulse energy and retropulsion — what we
can see and what we can't. The Journal of Urology 2013; 189(4):e707 (doi:
10.1016/j.juro.2013.02.2964).

Video 2: Kronenberg P, Traxer O. Myths, Doubts, and Facts about Laser Lithotripsy. Journal of
Endourology Part B, Videourology 2014; 2(28) (doi: 10.1089/vid.2013.0101).

Artigo 2: Kronenberg P, Traxer O. The truth about laser fiber diameters. Urology 2014;
84(6):1301-7 (doi: 10.1016/j.urology.2014.08.017 PubMed ID: 25432821).

Artigo 3: Kronenberg P, Traxer O. Are we all doing it wrong? Influence of stripping and cleaving
methods of laser fibers on laser lithotripsy performance. The Journal of Urology 2015;
193(3):1030-5 (doi: 10.1016/j.juro.2014.07.110 PubMed ID: 25102206).

Artigo 4: 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
Journal of Urology 2015; 33(4):463-9 (doi: 10.1007/s00345-014-1395-1 PubMed ID: 25185524).

Artigo 5: Kronenberg P, Traxer O. Lithotripsy Performance of Specially Designed Laser Fiber Tips.
The Journal of Urology 2016; 195(5):1606—12 (doi: 10.1016/].juro.2015.10.135 PubMed ID:
26523881).

Artigo 6: Villa L, Cloutier J, Compérat E, Kronenberg P, Charlotte F, Berthe L, Rouchausse Y,
Salonia A, Montorsi F, Traxer O. Do We Really Need to Wear Proper Eye Protection When Using
Holmium:YAG Laser During Endourologic Procedures? Results from an Ex Vivo Animal Model on
Pig Eyes. Journal of Endourology 2016; 30(3):332-7 (doi: 10.1089/end.2015.0232 PubMed ID:
26472513).

Editorial: Kronenberg P. Editorial Comment on: Ureteroscopic High-Frequency Dusting Utilizing
a 120-W Holmium Laser by Tracey et al. Journal of Endourology 2018; 32(4):296 (doi:
10.1089/end.2018.0152 PubMed ID: 29495879).
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Artigo 7: Kronenberg P, Somani B. Advances in Lasers for the Treatment of Stones — a Systematic
Review. Current Urology Reports 2018; 19(6):45 (doi: 10.1007/s11934-018-0807-y PubMed ID:
29774438).

Artigo 8: Lildal SK, Andreassen KH, Baard J, Brehmer M, Bultitude M, Eriksson Y, Ghani KR, Jung
H, Kamphuis G, Kronenberg P, Turney B, Traxer O, Ulvik @, Osther PJS. Consultation on kidney
stones, Copenhagen 2019: aspects of intracorporeal lithotripsy in flexible ureterorenoscopy.
World Journal of Urology 2021; 39(6):1673—82 (doi: 10.1007/s00345-020-03481-9 PubMed ID:
33067728).

Artigo 9 : Keller EX, Kronenberg P, Tailly T, Corrales M, Juliebg-Jones P, Pietropaolo A, Somani B,
Coninck V de. Laser accessories: surgical fibers, strippers, cleavers, and protective glasses.
Current Opinion in Urology 2022; 32(3):330-8 (doi: 10.1097/MOU.0000000000000977 PubMed
ID: 35256579).

Artigo 10: Kwok J-L, Coninck V de, Ventimiglia E, Panthier F, Corrales M, Sierra A, Emiliani E, Talso
M, Miernik A, Kronenberg P, Enikeev D, Somani B, Ghani KR, Traxer O, Keller EX. Laser Ablation
Efficiency, Laser Ablation Speed, and Laser Energy Consumption During Lithotripsy: What Are
They and How Are They Defined? A Systematic Review and Proposal for a Standardized
Terminology. European Urology Focus 2024 Jul;10(4):599-611 (doi: 10.1016/j.euf.2023.10.004
PubMed ID: 37940392).

De acordo com os critérios quantitativos e em cumprimento da metodologia de cdlculo do Artigo
20.2 do Regulamento n.2 519/2015 de 7 de agosto, o score obtido da soma dos trabalhos
publicados é de 71,07 (tabela 1). S3o igualmente mencionados trés trabalhos relevantes, que
apesar de estarem publicados em revistas indexadas e terem sido sujeitos a peer-review, por
nao se tratarem de artigos classicos, ndo lhes é atribuido qualquer valor que figure no score.
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Titulo do trabalho cientifico

Revista
Cientifica

CitagOes

Primeiro
autor?

Fator de
impacto a
data da
publicagdo

Fator de
impacto
actual

Score a
data da
publicagdo

Score a
data
actual

Artigo 1: 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
international

111

Sim

3,533

5,969

7,07

11,94

Video 1: V1718 Laser fibers, pulse energy
and retropulsion — What we can see and
what we can't

The Journal of
Urology

14

Sim

Video 2: Myths, Doubts, and Facts about
Laser Lithotripsy.

Journal of
Endourology

Part B,
Videourology

Sim

Artigo 2: The truth about laser fiber
diameters

Urology

34

Sim

2,188

2,633

4,38

5,27

Artigo 3: Are we all doing it wrong?
Influence of stripping and cleaving
methods of laser fibers on laser

The Journal of
Urology

53

Sim

4,700

7,641

9,40

15,28

Artigo 4: Update on lasers in urology
2014: current assessment on
holmium:yttrium-aluminum-garnet
(Ho:YAG) laser lithotripter settings and
laser fibers

World Journal
of Urology

205

Sim

2,397

3,661

4,79

7,32

Artigo 5: Lithotripsy Performance of
Specially Designed Laser Fiber Tips

The Journal of
Urology

26

Sim

5,157

7,641

10,31

15,28

Artigo 6: Do We Really Need to Wear
Proper Eye Protection When Using
Holmium:YAG Laser During Endourologic
Procedures? Results from an Ex Vivo
Animal Model on Pig Eyes.

Journal of
Endourology

39

1,124

2,619

1,12

2,62

Editorial Comment on: Ureteroscopic
High-Frequency Dusting Utilizing a 120-W
Holmium Laser by Tracey et al.

Journal of
Endourology

Sim

Artigo 7: Advances in Lasers for the
Treatment of Stones — a Systematic
Review

Current
Urology
Reports

175

Sim

2,079

2,872

4,16

5,74

Artigo 8: Consultation on kidney stones,
Copenhagen 2019: aspects of
intracorporeal lithotripsy in flexible
ureterorenoscopy.

World Journal
of Urology

25

4,226

3,661

2,11

1,83

Artigo 9: Laser accessories: surgical
fibers, strippers, cleavers, and protective
glasses.

Current
Opinion in
Urology

10

2,808

2,808

2,81

2,81

Artigo 10: Laser Ablation Efficiency, Laser
Ablation Speed, and Laser Energy
Consumption During Lithotripsy: What
Are They and How Are They Defined? A
Systematic Review and Proposal for a
Standardized Terminology.

European
Urology
Focus

12

Nao

5,952

5,952

2,98

2,98

Total como primeiro autor

604

9

40,11

60,83

Total

705

13

49,13

71,07

Tabela 1 — O score ou soma de fatores de impacto dos artigos publicados obtém-se recorrendo
a seguinte metodologia: usa-se o fator de impacto da revista, duplicado nos trabalhos em que o
doutorando for o primeiro autor; nos artigos em que ndo é o primeiro autor e com até 10 autores
(inclusive) usa-se o fator de impacto; nos artigos em que nado é o primeiro autor e com mais de
10 autores, usa-se o fator de impacto dividido por 2. Em termos quantitativos, o candidato deve
conseguir, segundo a metodologia apresentada, um score de soma de fatores de impacto >=20,
devendo obter um score minimo de 10 como primeiro autor.
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Introduction

It's funny how random life is, how it generates occasions and events, and unintentionally creates
opportunities and chances that you never dreamed of. It all started several years ago, during a
one-month clinical fellowship in Paris in 2012 with Prof. Olivier Traxer, one of the most
renowned endourologists in the world. His specialty is laser lithotripsy, an endoscopic technique
for treating urinary stones using a laser generator, a Ho:YAG laser lithotripter. At the beginning
of this fellowship, during a simple 5-minute conversation between surgeries, he confided to me
that the best lithotripter settings were still a mystery, that many things were still unknown about
laser lithotripsy. Prof. Traxer admitted how the future development of reliable testing methods
could bring light and insight into the realm of the Ho:YAG laser.

In fact, a review of the available literature showed that endourologists disagreed as to which
holmium laser energy settings fragmented urinary stones most quickly and efficiently. Some
authors claimed that high-frequency lithotripsy was the most efficient approach, while others
favored higher pulse energies.[1,2] At that time, published in-vitro laser lithotripsy studies had
only focused separately on the ablation efficiency of different laser fiber diameters, different
pulse energies, or different laser types.[3—9] No systematic study had been performed to
determine how the different lithotripsy settings interact to shape fragmentation efficiency. In
addition, previous studies have all used different experimental approaches, ranging from single-
pulse laser delivery [3,5,10], to repetitive laser delivery [1,11], to simple perforation of the stone
samples.[9] Furthermore, in most studies, the majority of the tests were performed manually
and/or used other irregular approaches that could introduce human bias and/or error.[11-15]

After reading most of the papers on the subject and considering my mentor's questions and
doubts, a trickle of thoughts soon turned into a river that flooded my brain with various research
ideas. | felt confident that | could systematically address all these doubts and answer most of
these questions.
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My Journey of Discovery and Advances in Laser

Lithotripsy Research
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Laser Lithotripter Parameters and Laser Fibers, Along with Their Effects on

Calculi and Ablation Efficiency — Which laser settings are the best?

To address the controversy over the best settings for laser lithotripsy, a dynamic and innovative
test procedure was needed. It had to be accurate, provide highly reproducible results, and be
free of human interaction to avoid manipulation bias. Thus, | envisioned and created an
Automated Laser Fragmentation Testing System (ALFTS), in which a stationary laser fiber is fired
at the surface of an artificial stone that is moved along an axis at a constant speed, creating a
fissure on the stone's surface. The ALFTS consisted of a support assembly made entirely of Lego
Technic™, including a horizontally sliding holder that held an artificial stone in place as it was
moved at a constant speed; a specially designed laser fiber holder that kept the laser fiber tip in
contact with the stone; all the motorized mechanical elements to move the system; and the
entire system immersed in 0.9% saline, as in any real life laser lithotripsy (Figure 1). A wide range
of Ho:YAG laser lithotripter settings were tested, including low and high pulse energies, low and
high pulse frequencies, low and high power levels, and small and large-core laser fibers to
evaluate possible variations due to different sized laser fibers.

Figure 1 — Automated Laser Fragmentation Testing System. (A) An artificial stone with a size of 30 x 20 x 10 mm. (B)
The sliding stone holder bearing an artificial stone. (C) The support assembly with the laser fiber holder and the
electric motor but without the stone holder. (D) The support assembly with the inserted stone holder just before
immersion in the tank. (E) A close-up of the laser fiber tip and the artificial stone during laser fragmentation in saline.
The laser holder maintained the laser fiber at a 75-80° angle (instead of 909) to prevent it from becoming trapped
inside the stone during fragmentation.

The width, depth and volume measurements of the resulting stone fissures showed that low
frequency-high pulse energy (LoFr-HiPE) settings were (up to six times) more ablative than high
frequency-low pulse energy (HiFr-LoPE) at the same power levels. There were linear correlations
between pulse energy and ablation volume, fissure width, and fissure depth, but none regarding
total power. Additionally, the laser fiber diameter did not affect ablation volume, except at very
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low pulse energies, where larger fibers became less efficient. All results, their comparisons and
analysis were supported with statistical significance levels of (p< 0.001).

| was able to demonstrate the importance of pulse energy over pulse frequency for more
efficient ablation of urinary stones. Contrary to what everyone thought at the time, these
experiments showed that it wasn't the total power level that was important, but rather the
balance between pulse energy and pulse frequency when performing laser lithotripsy. The role
of laser fiber diameter was also established, showing no ablation difference at all, thus paving
the way for the safe use of small-diameter laser fibers whenever possible, with their inherent
advantages of achieving more endoscopic irrigation and better scope maneuverability.

The data and results obtained were presented at several congresses, including the Congress of
the Portuguese Association of Urology, where the presentation was awarded with the First Prize
for Best Oral Communication (see Appendix page 157).

These results and conclusions were published as an article entitled “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 fiber
diameters” in the BJU International journal in 2013:

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; 114(2):261-7 (doi:
10.1111/bju.12567 PubMed ID: 24219145).

Since its publication, this article has received consistent attention and recognition, accumulating
more than 100 citations throughout the years (see Table 1 on page 15).

26



High-Speed Video Analysis Can Provide New Insights into Laser Lithotripsy

— Seeing is believing

During the time | did the previous study on different lithotripter settings, | also wanted to analyze
in more detail the forces in play during laser lithotripsy, in particular retropulsion. Retropulsion
is an effect that occurs during laser emission, that pushes the urinary stone away from the laser
fiber tip. [3,8,10] It can be very annoying for the urologist, who has then to constantly adjust the
laser fiber position in relation to the stone. Retropulsion reduces the ablation efficiency,
increases the surgical time, and sometimes can even make the urinary stone inaccessible. Thus,
| decided to do single laser pulse studies and recording them with a high-speed video camera to
evaluate how retropulsion is affected by pulse energy, laser fiber diameter, the use of different
lithotripters and by any other observable aspect. | developed another testing support, also made
of Lego Technic™ to perform these tests (Figure 2).

Figure 2 — (A) Retropulsion testing support made of Lego Technic™ inside a water tank filled with saline. (B) The cube
shaped artificial stone is placed inside a transparent horizontal tube. (C) The laser fiber tip is centered and touches
the stone surface before a single laser pulse is fired. A sub-millimetric scale allows precise retropulsion distance
measurements.

My recordings and measurements showed that as pulse energy increased, so did the distance
the artificial stones traveled after laser impact, regardless of the lithotripter or laser fiber
diameter used. At the same energy level, larger laser fiber diameters were associated with
significantly greater stone displacement, regardless of pulse energy level or laser lithotripter
used. High-speed video analysis revealed other interesting effects: when the laser fiber tip was
inside a fragmentation crater, retropulsion increased significantly (sometimes more than 40%);
the sudden generation of expanding and collapsing vapor bubbles at the laser fiber tip and the
resulting shock waves were recorded, showing that even those stones that were not in direct
contact with the laser fiber tip could be affected over considerable distances; at very high pulse
energies (2.0 J or higher), the sudden stone displacement generated a turbulence wave that
pushed the stone even further away than the retropulsion effect alone.

| was able to demonstrate that high-speed video analysis can provide new insights into laser
lithotripsy, revealing details that might otherwise remain hidden to the human eye. And because
of the "visual nature" of this study and the amazing slow motion video recordings, | decided to
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publish the results in a video format. A comprehensive video with narration was presented at
the 2013 Annual Meeting of the American Urological Association in San Diego:

Kronenberg P, Traxer O. V1718 LASER FIBERS, PULSE ENERGY AND RETROPULSION — WHAT WE
CAN SEE AND WHAT WE CAN'T. The Journal of Urology 2013; 189(4):e707 (doi:
10.1016/j.juro.2013.02.2964).

It was selected to be presented at a video session called “Award-Winning Videos: The Best of
the Best” and was awarded the First Prize by the American Urological Association (see Appendix
page 158). A translated version of this video with narration in Portuguese, was also presented
at the Congress of the Portuguese Association of Urology and was awarded the Third Prize for
Best Video Presentation (see Appendix page 160-159).

However, there were still many different opinions and beliefs about the ideal lithotripter
settings and myths surrounding laser lithotripsy among urologists. The Automated Laser
Fragmentation Testing System (ALFTS) that | developed and the high-speed video analysis that |
did could provide new insights into laser lithotripsy and reveal details that might otherwise
remain hidden to the human eye. | gathered all the information from the measurements and
studies | had done and created an informative video with narration entitled "Myths, Doubts, and
Facts about Laser Lithotripsy" to set the record straight.

It was presented at the 315 World Congress of Endourology, in New Orleans (USA) and won the
TOP TEN VIDEO PRESENTATION award (see Appendix page 161). Because of the video’s success
in explaining and clarifying things, | was invited to publish the video in the one and only journal
that accepts videos for indexed peer-reviewed publication, the Journal of Endourology Part B
Videourology:

Kronenberg P, Traxer O. Myths, Doubts, and Facts about Laser Lithotripsy. Journal of
Endourology Part B, Videourology 2014; 2(28) (doi: 10.1089/vid.2013.0101).

The success of this last video was such that even three years after it was first shown in 2013, it
was still considered one of the most read and viewed video articles in the Journal of Endourology
in 2016 as stated in the Endourological Society Newsletter, April 2016 (see Appendix section
page 162).
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Discrepancies in Laser Fiber Diameters and Their Impact on Lithotripsy

Performance — Something doesn’t feel right

The previous studies involved handling dozens of different laser fibers of various sizes. While
handling them, | noticed that a fiber labeled as a 365-um laser fiber felt much thicker than that.
But what was even more intriguing was that some fibers from different manufacturers that were
labeled as having the same diameter didn't feel the same between my fingers, some of them
felt much thicker. In any other field, this apparent difference might be considered a peculiarity,
but in endourology, diameter differences between instruments and accessories can have a
significant impact on surgical performance and patient outcomes.[16—18] Therefore, | decided
to measure the various diameters of laser fibers from several leading laser fiber manufacturers
and compare them to their advertised diameters. In addition, industry representatives from the
manufacturers were interviewed about the diameter of their fibers.

Measurements showed that for all fibers, the outer and cladding diameters differed significantly
from the advertised diameter. The outer diameter, which is of most practical relevance for
urologists, exhibited a median increase over 80%! The outer, cladding, and core diameters of
fibers with equivalent advertised diameters differed by up to 180, 100, and 78 um, respectively.
Some 200-um fibers had larger outer diameters than the outer diameters of some 270-273-um
fibers (Figure 3). All packaging material and all laser fibers lacked clear and precise fiber diameter
information labels.

Figure 3 — Photographs depicting the advertised and measured outer diameters of some of the fibers that were tested.
These photos were taken for illustrative purposes only to show both the cladding and its coating and to give the
observer a rough idea of the discrepancies that were observed. These images do not reflect the measurements at
high precision. Because most laser fiber information labels lack units or references to what the label numbers refer
to, units were also omitted for each fiber of this figure. Attention is drawn to the arrow on the upper left image,
indicating a small fissure on the cladding caused by an initially to tight and ill-adjusted laser fiber stripper.

The large majority of representatives considered the advertised diameter to be the outer
diameter, and several times the answers given by one representative, differed from another
representative within the same company. This study exposed at the time, a lack of uniformity
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between laser fiber manufacturers, and that most of the information conveyed to urologists
regarding laser fiber diameter was incorrect.

However, these conclusions take on another dimension because of their impact on the surgery
itself. A urologist may mistakenly believe that one manufacturer's exchangeable fiber has the
same outer diameter as another manufacturer's fiber, when in fact it may be significantly larger.
This is important because a larger fiber diameter can affect the urologist's surgical performance
in several ways, depending on the setting in which these fibers are used: First, increasing the
diameter of the accessories used in flexible ureterorenoscopy, including guidewires, stone
retrievers, and laser fibers, decreases the degree of deflection of the ureterorenoscope, thereby
limiting the main advantage of the flexible scope, which is its ability to reach difficult locations
such as the lower calyces. Second, given the small size of the working channels through which
these laser fibers are passed, any increase in size also affects the irrigation rate, which is critical
for good visualization and prompt identification of structures, and thus indirectly affects the
operating time. Since flow resistance is inversely proportional to the diameter of the obstructing
object to the power of four[19], this means that for any given fiber, if the fiber diameter
increases by 19%, 50%, or 100%, the degree of obstruction in terms of irrigation flow increases
by 100%, 400%, and 1500%, respectively. Since fiber diameter does not significantly affect stone
ablation volume, but does have a significant effect on scope deflection and irrigation flow, the
outer diameter is the most important diameter for the urologist. Third, large fibers have been
shown to promote retropulsion compared to smaller fibers, which reduces the effectiveness of
laser lithotripsy, increases procedure time, and sometimes renders a stone inaccessible by
pushing it into the renal pelvis. These considerations underscore the importance of outer
diameter uniformity among laser fibers labeled with the same diameter.

In addition, some reusable laser fibers must be prepared and stripped prior to use.
Miscalculation of the diameter of the fiber, whether because it is larger than advertised, lack of
uniformity between brands, or misleading information on the packaging, can lead to the use of
an inappropriate laser fiber stripper on a supposedly smaller fiber. This can result in damage to
the cladding that is so critical to laser conduction, and the risk of laser leakage that can
inadvertently damage patient tissue or our expensive surgical instruments.

In addition to revealing how this misinformation affected key interventional parameters and
could have surgical implications, this study also revealed that there are many confusing terms
and expressions for the various laser fiber components, some of which refer to the same
components or include multiple components, leading to further misinterpretation.

These facts, led me to recommend that all laser fibers and their respective packaging be
correctly labeled with the three most important diameters, namely, the outer diameter, the
cladding diameter, and the core diameter. Such measures would facilitate straightforward
comparisons between laser fibers, improve the understanding of laser fiber products by both
urologists and industry representatives, and avoid future misunderstandings.

Initial results of this study were presented at the 2" Meeting of the EAU section of Urolithiasis
(EULIS) in Copenhagen, Denmark, where the study won the Clinical Research Award (see
Appendix page 163). Because of the serious revelations and clinical implications that were laid
bare, the study made headlines in several major urological and scientifical newsletters such as
EAUNews, ScienceDaily or Biophotonics (see Appendix pages 164-166).

The final results and conclusions were published as an article entitled "The truth about laser
fiber diameters" in the journal Urology in 2013:
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Kronenberg P, Traxer O. The truth about laser fiber diameters. Urology 2014; 84(6):1301-7 (doi:
10.1016/j.urology.2014.08.017 PubMed ID: 25432821).
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The Impact of Laser Fiber Tip Preparation Methods on Lithotripsy

Performance — Sometimes the world is wrong and you're right

During my fellowship | also had the opportunity to observe, assist and perform several laser
lithotripsy procedures. In addition to gaining valuable experience, | noticed that my fellowship
mentor, Dr. Olivier Traxer, was doing certain things that were different from what was common
practice at the time. There was a widespread belief that the tip of the laser fibers should be
stripped to achieve better lithotripsy performance. In fact, brand-new laser fibers are shipped
with the laser fiber tip already stripped of its plastic coating, and this practice is described in
technical manuals and recommended by experts in the field.[20-22] Thus, the preparation of
the laser fiber tip prior to a laser lithotripsy procedure has been a common practice worldwide
and consists of stripping the terminal portion of the polymer coating (i.e., the usually blue or
green colored plastic coating) and then cutting off several millimeters of the end of the glassy
fiber components. This is especially true for reusable laser fibers, which must be reprocessed to
restore their performance.[20,23] Even during laser lithotripsy, damage to the fiber tip occurs
due to burn-back effects, and such damage can affect the efficiency of the fiber. Specialized tools
such as laser fiber strippers and ceramic scissors have been developed for this purpose, and
many experts in the field are engaged in such laser fiber tip preparation.[21,22,24] However, my
mentor didn't engage in such complicated preparations and didn't use any special instruments
to prepare the laser fiber tip. He just cut the fiber tip with a simple surgical scissors and didn't
even bother to strip the fiber. Similar to my mentor, | didn't notice any degradation in lithotripsy
performance by not stripping the fiber and limited myself to cutting the laser fiber tip with a
modest metal surgical scissors in my daily practice. Given these differing opinions, | decided to
evaluate whether stripping the laser fiber tip with a specialized laser fiber stripper or cutting the
tip with ceramic or metal scissors affected lithotripsy performance. Again, | used my previously
developed Automated Laser Fragmentation Testing System (ALFTS) to obtain reproducible
results free of human interaction bias.

Coated laser-fiber tips always achieved higher ablation volumes than the stripped laser-fiber tips
(p<0.00001), regardless of scissor type, stone material, or lithotripter settings. Comparison of
the effect of metal and ceramic scissors on the coated fibers revealed that overall, these scissors
did not influence ablation volume (p=0.16). Photographic analysis of the fiber tips before and
after lithotripsy generated several findings the most important being that coated fibers
exhibited less degradation of the glassy fiber components during lithotripsy than the stripped
fibers. Additionally, high-pulse energy settings caused more damage to the fiber tip than low-
pulse energy settings, regardless of scissor type, stone type, and presence of the coating.
Moreover fiber-tip degradation was more pronounced when harder stone material was used,
regardless of the scissor type, lithotripsy settings, and presence of the coating (Figure 4).

The results of this study shattered the widely held belief that the tip of laser fibers should be
stripped to achieve better lithotripsy performance. | was able to show that regardless of how
the tip was cut, how hard the stone was, and what power setting was used, coated fibers always
produced higher ablation volumes than stripped fibers. Major laser fiber manufacturers include
a special laser fiber stripper in their sales catalog, but our study provided photographic evidence
of how such a fiber stripper can cause extensive damage to the cladding, since the cladding is a
vital component of the laser fiber, thus explaining the reduced lithotripsy performance of these
stripped fibers. In addition, given the controversy over mislabeling of laser fiber diameters that
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are actually thicker than advertised (see previous section), such mislabeling makes it more likely
that stripping will damage the fiber: if the opening is too large, the stripper will not strip the
fiber, and if it is too narrow, the cladding may be damaged, resulting in poor lithotripsy
performance.

Figure 4 — Photographs A to P, microscopic photographs show laser fiber tips after laser emission. Note tip
degradation characteristics associated with different fiber tip preparation methods, lithotripter settings and stone
materials.

In addition to demonstrating an increase in lithotripsy performance by using coated fibers, this
article was an opportunity to highlight the other benefits of using coated fibers. Coated fibers
are much easier to distinguish from the surrounding medium, even in the presence of blood,
allowing for faster and more accurate positioning, further reducing procedure time and
preventing inadvertent tissue or even scope damage due to positioning errors. By maintaining
the coating on the fiber tip, the likelihood that cladding fragments or even entire transparent
segments of the stripped fiber tip will break off unnoticed and disappear in the patient's urinary
system is greatly reduced.

Shortly before publication, | presented my results at the Challenges in Endourology conference
in Paris, a prestigious mid-sized urology meeting that has become a traditional gathering place
for the world’s leading endourologists. | was fortunate that my session was chaired by Prof.
Glenn Preminger, a distinguished endourologist, but also attended by none other than the
founding father of endourology, Dr. Artur Smith (the original author of Smith's Textbook of
Endourology, after whom the international Arthur Smith Award is named, the Arthur Smith
Institute of Urology is named,...). After my presentation, Dr. Smith questioned the chairman and
the audience if anyone knew why everyone, including himself, kept stripping the laser fibers.
The entire audience fell silent, and since no one had an answer, the silence was finally broken
by enthusiastic applause from the entire audience, including Dr. Arthur Smith. That was the
moment | knew that my research would have a worldwide impact, albeit a small one.
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The results and conclusions were published as an article entitled “Are we all doing it wrong?

Influence of stripping and cleaving methods of laser fibers on laser lithotripsy performance.” in
the Journal of Urology in 2014:

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; 193(3):1030-5 (doi:
10.1016/j.juro.2014.07.110 PubMed ID: 25102206).
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A Comprehensive Review on Ho:YAG Laser Lithotripsy, Its Enduring

Impact and Unexpected Surprises

The articles | had written earlier began to receive widespread attention in the urological
community, especially among those who perform lithotripsy. This growing reputation, combined
with my enthusiastic interest in the field, was, | believe, the reason why | was invited to write
topic paper on laser lithotripsy for the World Journal of Urology. | decided to write a
comprehensive review on Ho:YAG laser lithotripsy, summarizing all the important knowledge |
had acquired over the years.

| used the most important articles published up to that time, including my previous publications,
as well as some unpublished research of mine. This research included the evaluation of long
pulse lithotripsy, a lithotripsy modality that newer models of laser lithotripters are capable of.
These new lithotripters allow the urologist to choose between different pulse durations, the
traditional short pulse mode and the new long pulse mode. All other settings of the laser
lithotripter remain the same, with the same pulse frequency, the same pulse energy, the same
power level, and therefore the same amount of energy delivered per unit of time. In short pulse
mode, the energy delivered by a single laser pulse occurs in a given period of time, while in long
pulse mode, the same amount of energy is delivered over a longer period of time. Both modes
have exactly the same average power, but their peak power is different. | was able to show that
the long-pulse mode is significantly less ablative than the short-pulse mode, but also that the
damage to the laser fiber tip is significantly less with the long-pulse mode (Figure 5).

Figure 5 — Comparison of the traditional short-pulse mode with the recently developed long-pulse mode of new laser
lithotripters. Regardless of laser settings or stone material, the traditional short-pulse mode is significantly more
ablative than the long-pulse mode.

| also presented results on the laser light dispersion patterns of new fibers and fibers prepared
with metal scissors, and examined these patterns before and after lithotripsy. As expected, and
in accordance with my previous experiments, the light dispersion patterns of different fibers
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were almost indistinguishable after lithotripsy, further questioning the importance of
specialized and time-consuming fiber tip preparation.

However, the most important part of this review was the comprehensive review of the different
variables related to laser lithotripters, laser fibers, stone types and their effects on calculi and
instruments. All this knowledge was summarized in a table for easy consultation and quick
reference for other colleagues on this topic, allowing them to easily adjust their laser parameters
to their individual needs (Table 2).

Table 2 - This overview table shows how changes in one parameter (in red) affect other variables involved in the
lithotripsy procedure

This review was published as an article entitled “Update on lasers in urology 2014: current
assessment on holmium:yttrium-aluminum-garnet (Ho:YAG) laser lithotripter settings and laser
fibers.” in the World Journal of Urology in early 2015:

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; 33(4):463-9 (doi: 10.1007/s00345-014-1395-1 PubMed ID: 25185524).

After its publication, the article enjoyed an unexpected fame and dissemination, becoming
widely known in the endourological field. Its success was such that it was recognized as the 2015
Article of the Year, an award presented by the World Journal of Urology and the Societé
Internationale d'Urologie in October 2016 (see Appendix page 167). It remains one of the most
cited articles in holmium laser lithotripsy to date.
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Continuing my research on laser pulse duration, that | partially revealed in the paper mentioned
above, after evaluating all the data acquired, | presented my final results through various
abstract presentations at several meetings in 2015 and 2016. Two presentations, entitled “Long-
pulse versus short-pulse laser lithotripsy performance” and “Burst laser lithotripsy — a novel
lithotripsy mode” won the Best Poster award in 2015 and 2016, respectively, at the Annual
Congresses of the European Association of Urology (see Appendix pages 168-172).

But an additional surprise came when | presented the abstract “Ultra-short, short, medium and
long-pulse laser lithotripsy performance” at the Annual Meeting of the American Urological
Association in 2016. It was considered one of the best abstracts among the several thousand
presented at that meeting and was honored by being additionally showcased and presented by
me at the Plenary Session before a large audience of attendees (see Appendix pages 173-174).
Due to several circumstances, | never came to publish these final results as an isolated paper.
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Evaluating the Performance of 'Special' Laser Fiber Tips in Lithotripsy —

Debunking the hype

Laser lithotripters weren't the only part of laser lithotripsy to undergo advances and
developments. Laser fibers have also been improved, including novel features such as special
connectors, coatings, or fiber tip configurations that were claimed to increase ablation
performance and/or facilitate passage of the laser fiber through the endoscope. [25-28]
Therefore, | decided to test these claims by comparing a ball-tipped fiber and a special polished
fiber to a simple standard laser fiber.

| again used my Automated Laser Fragmentation Testing System (ALFTS) built with Legos, as well
as high-resolution microscopic images before and after using the laser fibers.

The results were astounding, showing that the standard laser fiber was as good as, and
sometimes better than, the custom-designed fibers (Figure 6). The rapid degradation of the
specially designed laser fiber tips severely limited their general usefulness. The promising ball-
shaped tip fibers were useful only in very specific situations, but they also degraded very quickly
and even assumed a threatening and potentially harmful configuration for the delicate
instruments used in endourology, as shown in the high-resolution photos. So, these special laser
fibers weren't so special after all...

Figure 6 — Ablation volumes of 3 laser fibers tested using soft and hard stone material. Standard and ball-shaped tip
fibers did not differ in ablation volume but each was superior to polished tip fiber by factor of almost 3.

The article with its results and conclusions was published under the title “Lithotripsy
Performance of Specially Designed Laser Fiber Tips” in the Journal of Urology in 2016:

Kronenberg P, Traxer O. Lithotripsy Performance of Specially Designed Laser Fiber Tips. The
Journal of Urology 2016; 195(5):1606—12 (doi: 10.1016/j.juro.2015.10.135 PubMed ID:
26523881).
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After the publication, other "special" laser fibers, except for the ball-tip laser fibers, were
removed from the market, or manufacturers simply stopped labeling them as "special" laser
fibers.
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Evaluating the Necessity of Eye Protection During Ho:YAG Laser

Procedures — A tale about lasers, eyes and pigs

Whenever one uses a certain tool or technology on a regular basis, one begins to question
certain beliefs regarding that same tool and technology if one has never experienced any effects
regarding said belief. One of these beliefs is the need to use eye protection when using the
Ho:YAG laser. The fact is that Ho:YAG laser manufacturers and the European Association of
Urology guidelines on lasers recommend that all intraoperative personnel wear appropriate eye
protection to prevent corneal or retinal damage in the event of accidental laser exposure.[29—
32] And although there have been several reports of eye injury with the use of medical lasers,
none have been reported with the use of Ho:YAG lasers.[33] Therefore, | collaborated with other
researchers to determine the potential harmful effects of accidentally hitting the ocular surface
with a Ho:YAG laser beam.

For this purpose, we performed an ex vivo animal study on porcine eyes to evaluate the effect
of a Ho:YAG laser set at the most commonly used parameters and at different distances on
different ocular structures. In addition, we determined the real protection offered by laser safety
glasses and standard eyeglasses in preventing ocular lesions, and we evaluated the
photothermal effect of the Ho:YAG laser transmitted in air on thermal paper at different
distances to implement the results obtained in the first part of the study. My contribution to this
work was the development, execution and evaluation of the thermal paper experiments.

We concluded that in the unlikely event of an accident during endourologic procedures, the
Ho:YAG laser does not cause injury to the lens or retina of the eye. It can cause corneal lesions,
but only in the absence of eye protection and only at high energy (2 J) and from a short distance
(0-5 cm). Eyeglasses are as effective as laser safety goggles in preventing harmful laser effects
on the cornea (Figure 7). Although the risk of eye injury is minimal, the use of laser safety
eyewear, or at least eyeglasses, during endourologic procedures requiring the use of the Ho:YAG
laser should be recommended to all intraoperative personnel who are in close proximity to the
laser source.

Figure 7 — (A) Ablation volumes A 272 um core laser fiber pointed toward a pig eye and placed in contact with the
cornea just before activation. (B) Laser safety glasses after 1 second (black arrow) and 5 seconds (red arrow) of Ho:YAG
laser exposure at 2 J and 10 Hz with the laser fiber tip in contact with the glasses.
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The results and conclusions were published as an article titled “Do We Really Need to Wear
Proper Eye Protection When Using Holmium:YAG Laser During Endourologic Procedures?
Results from an Ex Vivo Animal Model on Pig Eyes” in the Journal of Endourology in 2016:

Villa L, Cloutier J, Compérat E, Kronenberg P, Charlotte F, Berthe L, Rouchausse Y, Salonia A,
Montorsi F, Traxer O. Do We Really Need to Wear Proper Eye Protection When Using
Holmium:YAG Laser During Endourologic Procedures? Results from an Ex Vivo Animal Model on
Pig Eyes. Journal of Endourology 2016; 30(3):332—7 (doi: 10.1089/end.2015.0232 PubMed ID:
26472513).
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Editorial on the Benefits and Risks of High-Wattage Laser Lithotripters —

With great power comes great responsibility

Over the past few years, laser lithotripters have evolved to include more complex features, but
have also become larger and more powerful. While in the beginning Ho:YAG lasers with a
maximum power of 15 to 20 watts were the norm/mainstream, today the best laser lithotripters
reach 100 to 120 watts or even more. | was invited to write an editorial comment for the Journal
of Endourology on an article with such a 120-watt laser.

In that editorial, | praised the authors for the excellent article they had written. | pointed out the
various benefits to both patients and surgeons that these new powerful machines brought and
that were clearly evident in the results presented by the authors.

However, releasing higher power levels in an endourological setting, i.e., in a small enclosed
space such as the ureter or renal calices, can raise the temperature of the surrounding medium
to levels dangerous to human tissues. Therefore, | advised caution when using such high-power
lasers. That's why the saying "With great power comes great responsibility"” is not just for kings,
rulers or superheroes, but also for urologists.

Editorial comment with the tittle “Editorial Comment on: Ureteroscopic High-Frequency Dusting
Utilizing a 120-W Holmium Laser by Tracey et al.” published in the Journal of Endourology in
2018:

Kronenberg P. Editorial Comment on: Ureteroscopic High-Frequency Dusting Utilizing a 120-W
Holmium Laser by Tracey et al. J Endourol 2018; 32(4):296 (doi: 10.1089/end.2018.0152
PubMed ID: 29495879).
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A Systematic Review of Recent Advances in Laser Lithotripsy — Results

from three years of laser blasting

Because of my experience and enthusiasm in this field, | was invited to conduct a systematic
review on laser lithotripsy. The purpose was to highlight the recent advances in lasers for the
treatment of urolithiasis over the past 3 years.

To do this, a Pubmed search was performed for articles with relevant keywords related to laser
lithotripsy and in the relevant time frame. However, this seemingly simple task yielded over
1200 articles that | had to review individually. In addition, abstracts from major urology meetings
were screened for relevant data. In the end, more than 100 articles and references were
included in the review. To further enhance the quality of the review, | followed the PRISMA
guidelines.

The relevant data from the publications and abstracts were categorized into four main groups
including laser lithotripters, laser fibers, laser settings and technique and finally laser safety and
related complications.

The systematic review was published as an article titled “Advances in Lasers for the Treatment
of Stones—a Systematic Review” in the Current Urology Reports in 2018:

Kronenberg P, Somani B. Advances in Lasers for the Treatment of Stones — a Systematic Review.
Curr Urol Rep 2018; 19(6):45 (doi: 10.1007/s11934-018-0807-y PubMed ID: 29774438).

The article has been well received by the endourological community and has also become a
reference article in the field of laser lithotripsy with an increasing number of citations over the
last few years.

47






Consensus on Kidney Stone Treatment — Lasers, stones and a pandemic

In 2019, | was invited to participate in a consensus of experts discussing the state of the art in
kidney stone treatment in Copenhagen. The world's best experts were invited to present and
discuss their respective areas of expertise. | was assigned to present on laser lithotripsy and
explained and discussed the relevant details. This included the importance of laser fiber size,
fiber tip configuration and preparation, and laser settings to achieve a successful laser lithotripsy
procedure. Finally, over the course of several months, all of this knowledge was synthesized into
a comprehensive paper. Due to the scope of this large and ambitious task, which required the
agreement of so many specialists, and the delays caused by the covid pandemic, the publication
of this consensus was postponed for almost 2 years.

The consensus was finally published as an article entitled “Consultation on kidney stones,
Copenhagen 2019: aspects of intracorporeal lithotripsy in flexible ureterorenoscopy” in the
World Journal of Urology in 2021:

Lildal SK, Andreassen KH, Baard J, Brehmer M, Bultitude M, Eriksson Y, Ghani KR, Jung H,
Kamphuis G, Kronenberg P, Turney B, Traxer O, Ulvik @, Osther PJS. Consultation on kidney
stones, Copenhagen 2019: aspects of intracorporeal lithotripsy in flexible ureterorenoscopy.
World J Urol 2021; 39(6):1673—82 (doi: 10.1007/s00345-020-03481-9 PubMed ID: 33067728).
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A Comprehensive Review of Laser Accessories in Urology — God is in the

details (of laser fibers)

According to this quote by the architect Ludwig Mies van der Rohe and the art historian Aby
Warburg, small details can have a tremendous impact on the whole, including surgical laser
lithotripsy procedures. Therefore, | and several other researchers decided to conduct a review
to provide the most recent findings on the properties, efficacy, and safety of laser fibers and
related accessories in the field of urology. My contributions to this paper were all the
photographic materials, the editing of the manuscript, and its final revision.

After reviewing and summarizing our research, it became clear that there is more to laser
accessories and their characteristics than meets the eye. When it comes to surgical laser fibers,
the actual fiber diameter is significantly larger than the size listed on the package label. Smaller
fibers may allow for better irrigation flow, greater flexibility, and less risk of breakage, but
conversely, they may have a greater risk of fiber tip degradation due to burnback effects. The
latter effect occurs after only a few laser pulses during laser lithotripsy, thus questioning the
need for fiber tip reprocessing and limiting the benefit of the ball-tip design. In this context,
cutting the laser fibers through their protective plastic sheath with ordinary metal scissors is an
advantageous technique for reprocessing fiber tips. Standard metal scissors are sufficient to cut
the fiber (Figure 8). Regarding eyewear, laser-specific eyewear can be omitted for Holmium:YAG
applications, but must be worn when using green-light lasers to prevent eye injury. There are
several issues to consider when using laser accessories, and future developments may allow for
smaller, safer and more durable laser fibers.

Figure 8 — Fiber tip reprocessing. (a) Metallic scissors. (b) Ceramic scissors. (c) Fiber stripper. (d) New and polished
tip. (e) Stripped and cleaved tip. (f) Damages to the fiber cladding caused by the stripper tool. (g) Unstripped, coated
tip. (h) Ball-tip design.

The review was published as an article titled “Laser accessories: surgical fibers, strippers,
cleavers, and protective glasses” in Current Opinion in Urology in 2022:

Keller EX, Kronenberg P, Tailly T, Corrales M, Juliebg-Jones P, Pietropaolo A, Somani B, Coninck
V de. Laser accessories: surgical fibers, strippers, cleavers, and protective glasses. Curr Opin Urol
2022; 32(3):330-8 (doi: 10.1097/MOU.0000000000000977 PubMed ID: 35256579).
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Defining Key Metrics and a Unified Language for Laser Lithotripsy

Performance — Preparing the way for the future

During these years of research and reading other authors, | noticed that there is sometimes no
standardized terminology for reporting laser lithotripsy ablation performance metrics in terms
of volume, energy, and time. Therefore, my colleagues and | decided to address this issue by
evaluating and summarizing the outcome measures and related terminology from studies of
laser lithotripsy performance using stone volume versus time or energy. Most importantly, our
goal was to try to develop and propose a standardized terminology for reporting laser
performance metrics. My contributions to this paper were the editing of the manuscript and its
scientific and final revisions.

Our review revealed a wide range of laser lithotripsy performance outcomes reported for the
ablated volume in relation to energy and time metrics as well as high heterogeneity for the study
methodologies applied both in vitro and in vivo studies, with corresponding differing
terminology. We proposed a standardized terminology for future studies on laser lithotripsy,
including laser ablation efficiency (mm3/J)), laser ablation speed (mm?3/s), and laser energy
consumption (J/mm?3), as well as laser efficacy (mm?3/min) as a broader term that is based on the
total operative time that encompasses the whole technique using the laser.

This proposed standardized terminology will allow uniformity and more objective comparisons
of results between papers, techniques and technologies in the future.

All this gathered data and our proposal was published as a review article entitled “Laser Ablation
Efficiency, Laser Ablation Speed, and Laser Energy Consumption During Lithotripsy: What Are
They and How Are They Defined? A Systematic Review and Proposal for a Standardized
Terminology” in European Urology Focus ins 2023:

Kwok J-L, Coninck V de, Ventimiglia E, Panthier F, Corrales M, Sierra A, Emiliani E, Talso M,
Miernik A, Kronenberg P, Enikeev D, Somani B, Ghani KR, Traxer O, Keller EX. Laser Ablation
Efficiency, Laser Ablation Speed, and Laser Energy Consumption During Lithotripsy: What Are
They and How Are They Defined? A Systematic Review and Proposal for a Standardized
Terminology. European Urology Focus 2024 Jul; 10(4):599-611 (doi: 10.1016/j.euf.2023.10.004
PubMed ID: 37940392).

This last paper concludes this compilation of papers about Holmium:YAG laser lithotripsy.
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Article 2: The truth about laser fiber diameters
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Conclusion and Afterthoughts

When embarking on this journey into the world of laser lithotripsy several years ago, | had no
idea it would evolve into an odyssey. What began as a simple conversation during a fellowship
in Paris, ignited a spark of curiosity that has since fueled years of research, discoveries, and
personal growth. My mentor’s casual remark about the mysteries of lithotripter settings and the
gaps in our understanding planted a seed that grew into an unwavering determination to
uncover the truth.

As | dived deeper into the complexities of laser lithotripsy, they unfolded before me like an
uncharted sea — each wave of discovery revealing new questions, challenges, but also
opportunities. From defining the importance of the various laser lithotripter parameters to
exposing inconsistencies in laser fiber diameters and challenging entrenched practices like fiber
stripping, | have navigated through waters both turbulent and serene. Along the way, I've had
the opportunity and privilege of collaborating with brilliant minds, challenging conventions, and
contributing to create new knowledge that has reshaped parts of this fascinating field.

I’'m still not aware of how vast and deep the ocean of laser lithotripsy is. The uncharted depths
are full of mysteries to be uncovered, promises of innovation, and improved patient care. My
odyssey continues, and | am eager to see where the next wave will take me.
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