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* Holmium and Thulium
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Holmium:YAG & Urology
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* First Application of Ho:YAG in Urology

Lasers in Surgery and Medicine 12:353-36 (1992)

Use of the Holmium:YAG Laser
in Urology

Douglas E. Johnson, MD, Douglas M. Cromeens, bvm,
and Roger E. Price, DVM, PhD

Departments of Urology (D.E.l.) and Veterinary Medicine and Surgery (D.M.C., R.E.P),
University of Texas M. D. Anderson Cancer Center, Houston, Texas 77030
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* Holmium:YAG Laser cavity

Laser cavity with two mirrors and one opening

‘ Traxer O., WiUrol 2019




* Holmium:YAG Laser cavity

Xenon flashlamp

‘ Traxer O., WiUrol 2019

* Holmium:YAG Laser cavity

YAG Crystal

‘ Traxer O., WiUrol 2019

* Holmium:YAG Laser cavity

Holmium ions

‘ Traxer O., WiUrol 2019

* Holmium:YAG Laser cavity
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Laser pumping > exited Holmium ions

‘ Traxer O., WiUrol 2019

* Holmium:YAG Laser cavity
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Light amplification beam

‘ Traxer O., WiUrol 2019
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‘ Laser parameters ‘
Protective jacket - Pulse duration
Cladding . - Energy
| | | | | -Frequency
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‘ Courtesy of O. Traxer

* Laser Power

PULSED LASER
(Power = Energy x Frequency)

Watt = Joule x Hertz

Courtesy of O. Traxer

* Holmium:YAG — Advantages

- Applicable to all urinary stones
- Flexible laser fibers
- Minimal tissue penetration

A

* Holmium:YAG — Limitations

- Poor output beam profile

»Smallest laser fiber core >200 um

- Vulnerable to external shocks

- Laser cavity heating

» Water-cooling system
»Maximal power <30 W

I »Maximal frequency <30 Hz

* High-power Holmium:YAG

Holmium YAG laser

Low-power generator

¢_Q__

SRy =

Upto30W

High-power generator

Multiple cavities ﬂ

Upto 120 W §

Vapor-compression
refrigeration system
‘ Traxer 0., WiUrol 2019
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* High-power Holmium:YAG — Limitations

- Laser cavity heating

» Water-cooling system

>Maximatpewer<36-W - Up to 120-180W

>Maximatregueney<36-Hz 2 Up to 80-100 Hz
- Poor output beam profile

»Smallest laser fiber core >200 pm
-Vulnerable to external shocks

A

Traxer O., WiUrol 2019

* High-power Holmium:YAG — Limitations

- Laser cavity heating

» Water-cooling system

>Maximatpewer<30-W > Up to 120-180W

>Maximatfregueney<36-Hz 2 Up to 80-100 Hz
- Poor output beam profile

»Smallest laser fiber core >200 pm
-Vulnerable to external shocks

Traxer O., WiUrol 2019
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What do we need?

Future of laser lithotripsy
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What do we need?
Future of laser lithotripsy
- Smaller fibers

- Higher efficiency

- Less retropulsion

A

&

LA
AZ Klina
» voluit voor zorg

Courtesy of Traxer O]

We need
smaller
fibers!

Courtesy of Traxer O]




e Laser fibers e Laser fibers
Protective jacket  Core diameter Protective jacket  Core diameter
' Cross-sectional \ '
area
s PN et
2 oo o) 2

N 4
w4

e Laser fibers e Laser fibers

Energy density Energy density
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- Laser fibers “ - IDEAL LASER
. Courtesy: Traxer O.
f:;!‘rf} »Smaller fragments
»Instrument miniaturization
We need a :-i-;t’ » Better flow = better visibility
very high - High efficiency
frequency! : stone dusting
e, 4. i requereg) spece
oWt L - Low retropulsion
‘ Courtesy of Vinnichenko
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* IDEAL LASER * THULIUM FIBER LASER
-Smaller fibers
»Instrument miniaturization The new
» Better flow = better visibility player!
- Lower pulse energy
»Stone dusting
- Higher frequency
» Ablation efficiency
A

Thulium fiber laser
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Thulium fiber laser

21020 ym by Thlu-doped
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Thulium:YAG laser

Solid state cavity

Continuous wave
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*Ho:YAG versus Tm Fiber Laser = -
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Parameter Holmium:YAG laser (Lumenis Pulse 120H)  Thulium fiber laser (IPG
Medical, Superpulse)

Table 1 Characteristics of two
generators: Holmium:YAG laser
and Thulium fiber laser

Wavelength 2120 nm 1940 nm
[(Pulse energy ranze 02607 0025601 |
Pulse duration range 0.05-1 ms 0.0: ms
Pulse shape Dictated by the pumping pulse Electronically modulated
[[Maximum pulse frequency 120 Hz 2000 Hz
Maximum average power 120W 6 W
[ Lowest proximal laser fiber > 200 um > 150 pm ]

core diameter
Cooling system Low-power generators: self-contained water-  Fan
cooling system with fan
High-power generators: vapor-compression
refrigeration system

Resistance to external shocks ~ Low High

‘ Traxer and Keller, WJUrol 2019

‘ Traxer and Keller, WJUrol 2019
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*Ho:YAG versus Tm Fiber Laser =
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Parameter Holmium:YAG laser (Lumenis Pulse 120H)  Thulium fiber laser (IPG
Medical, Superpulse)

Table 1 Characteristics of two
generators: Holmium:YAG laser
and Thulium fiber laser

Wavelength 2120 nm 1940 nm

Pulse energy range 02607 0025607

Pulse duration range 0.05-1 ms 0.05-12 ms.

Pulse shape Dictated by the pumping pulse Electronically modulated
Maximum pulse frequency 120 Hz 2000 Hz

Maximum average power 120W 60 W

Lowest proximal laser fiber > 200 pm > 150 m

core diameter
Cooling system Low-power generators: self-contained water-  Fan
cooling system with fan
High-power generators: vapor-compression
refrigeration system

Resistance to external shocks ~ Low High

* Water absorption peak

m fiber laser

. closely matching

water absorption peak
in stones and tissue

Holmium YAG laser

Absorption Coefficient (mm-T)

940

4.5x lower ablation threshold
of stones and tissue

1

850 1900 1950 2000 2050 2100 2150
Wavelength (nm)

‘ Kronenberg P and Traxer O, Transl Androl Urol, 2019
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Parameter Holmium:YAG laser (Lumenis Pulse 120H)  Thulium fiber laser (IPG
Medical, Superpulse)

Table 1 Characteristics of two
generators: Holmium:YAG laser
and Thulium fiber laser

Wavelength 2120 nm 1940 nm

Pulse enersy ranse 02601 0025601

Pulse duration range 0.05-1 ms 005-12 ms |
Pulse shape Dictated by the pumping pulse Electronically modulated
Maximum pulse frequency 120 Hz 2000 Hz

Maximum average power 120w 0w

Lowest proximal laser fiber > 200 pm > 150 pm

core diameter

Cooling system Low-power generators: self-contained water-  Fan
cooling system with fan
High-power generators: vapor-compression
refrigeration system

Resistance (o external shocks __Low High

‘ Traxer and Keller, WJUrol 2019

‘ Traxer and Keller, WJUrol 2019
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*Ho:YAG versus Tm Fiber Laser @
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Holmium:YAG laser (Lumenis Pulse 120H) |

Table 1 Characteristics of two
generators: Holmium:YAG laser
and Thulium fiber laser

Parameter Thulium fiber laser (IPG

Medical, Superpulse)

Wavelengih 21200 1940 o
Pulse energy range 02601 0025607
Pulse duration range 0.05-1 ms 0.05-12 ms
Maximum pulse frequency 120 Hz 2000 Hz
Maximum average power 120W 60 W
Lowest proximal laser fiber > 200 pm > 150 pm

core diameter

Cooling system Tow-power generators: sell-contained water_Fan
cooling system with fan
High-power generators: vapor-compression
refrigeration system

Resistance (o external shocks  Low High




e Laser fibers

*Ho:YAG versus Tm Fiber Laser

N

Table 1 Characteristics of two

 Charmcterisios of v Parameter Holmium:YAG laser (Lumenis Pulse 120H) | Thulium fiber laser (IPG
- generators: Holmium:YAG laser Medicat Supermales)
e and Thulium fiber laser
550 Wavelength 120 nm 1940 nm
MedFibers Pulse cnergy range 02601 0025601 |
=) @ / Pulse duration range 0051 ms 00512 ms
(] %_ N Pulse shape Dictated by the pumping pulse Electronically modulated
MedFiber P Maximum pulse frequency 120 Hz 2000 Hz
Lumenis Maximum average power 120w 0w
n Lowest proximal laser fiber > 200 pm > 150 um
core diameter
Cooling system Low-power generators: self-contained water-  Fan
amed uMenis cooling system with fan
MedFibers  SimLine High-power generators: vapor-compression
272 5C refrigeration system
Resistance o external shocks  Low High

‘ Traxer and Keller, WiUrol 2019
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*Ho:YAG versus Tm Fiber Laser What else?

Table 1 Characteristics of two
generators: Holmium:YAG laser
and Thulium fiber laser

Parameter Holm

YAG laser (Lumenis Pulse 120H) | Thulium fiber laser (IPG
Medical, Superpulse)

Future of laser lithotripsy

Wavelength 2120 nm 1940 nm

Pulse energy range 02601 0025607

Pulse duration range 0.05-1 ms 0.05-12 ms.

Pulse shape Dictated by the pumping puls medulaied
Maximum pulse frequency 120 Hz 2000 Hz

Maximum average power 20W W

Lowest proximal laser fiber > 200 pm > 150 um

core diameter
Cooling system Low-power generators: self-contained water- ~ Fan
cooling system with fan
High-power generators: vapor-compression
Traxer and Keller, WiUrol refrigeration system

2019 Resistance to external shocks ~ Low High
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Where is the evidence?
Thulium fiber laser
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FEE==> SuperPulsed Thulium Fiber Laser for
endocorporeal lithotripsy:
superior from the very first pulse?

P. Chiron *2), L. Berthe 2, V. De Coninck ), E.X. Keller ©®), S. Doizi ¥ and O. Traxer 3
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Distance between fiber tip and kidney stone phantom (mm|

]
) Bl LS THULIUM FIBER produced TWICE as much
stone Dust ‘
x Dusting Efficiency Comparison between HO:YAG laser with Moses Super Pulse Thulium Fiber Laser
10mm 10mm 10mm 10mm
’ Moses Technology of Ho:YAG Laser and ;
i SuperPulse Thulium Fiber Laser
e e T bt
Vincent De Coninck, E.X. Keller, P. Chiron, A. Kovalenko, V. Andreeva, O. Traxer initial weight = 208 mg initial weight = 225 mg.
THULIUM FIBER produced TWICE as much . RETROPULSION Tm Fiber versus Moses
stone Dust s
Loog Pt
B 2105 24mg M8 x 20z = 16 W
200
- 138+ 25mg
i
: Loog Puse
5‘00 69+32mg MO s W
% Ho:YAG
Moss
duslHoVAG laser
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Thulium fiber laser for lithotripsy
of large renal stones:
initial experience

nt De Coninck!Z, Paul Chiron'Z,

e 2, Vincer 2
Guseynov?, Dmiitry Ergakov’, Alexey Martov? and Olivier Ty

MEDECINE
SORBONNE
UNIVERSITE

+Operative time

* Dustin,
+Total 40 min - Case
+One stone,

Operative time

Ultra mini Perc with Tm Super Pulse

* 34 patients

Stone e cte (o residut) o4 @2/30)
* 7.5 Fr Nephroscope
Cncaly gt resduts (cimm) %@
+ 200pm TSPFL o
o Effective and safe Lasering tme, min 846
complcatons No lesding o peroration
Draage Nephvostomy e (107) for 1 day 674 (2334 st -33%
(w1730
Wospratzain e, days 24212

First Ul mink percutaneous Nephrolithotipsy (UM-PCNL) with the New Thulium SuperPulse Fiber Laser (TSPFL)

MP 12-3 Martov et al

A |

Possibly use for UTUC management

11 patients
1to 4 cm Tumors
The initial data suggests that TSPFL is a capable modality for fast and safe removal of UTUC
SPIES or NBI assisted ureteroscopies are justified. Further clinical studies are required

MP 23-19 Martov et al

* Systematic review

Wrid Journalof Urology
hitpsidoiorg/10.1007/500345-019-02654-5

INVITED REVIEW

Thulium fiber laser: the new player for kidney stone treatment?
A comparison with Holmium:YAG laser

Olivier Traxer'20 - Etienne Xavier Keller'%*

Received: 6 January 2019/ Accepted: 2 January 2019
©The Author(s) 2010

Abstract
Purpose To compare the operati
able literaturc on Thulium fiber |

modes of the Holmium:YAG laser and Thulivm fiber laser. Additionally, currently avail-
cr lithotripsy s revicvied.

Materials and methods Medline. Scopus. Embase. and Web of Science databases were searched for aticles relating to the
operating modes of Holmium: YAG and Thulium fiber lasers,including systematic review of articles on Thulium fiber laser
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Puise energy

From 0.2, 0.5, 1.0, weccovvvnsusssnnnnnnns

-

From 0.025,0.05, 0.10, 0.2, 0.5, 1.0,

-.Up 10 6.0 Joules

up t0 6.0 Joules.

W\

Frequency

From 5 to 80 Hz

=

From 5 to 80 Hz, and up fo......

...2,200 Hz

Kronenberg P and Traxer O, Transl Androl Urol, 2019

Pulse duration

and
pulse profile

@|[ s [—= L

From 200 ps up to..

From 50 ps up to 1,300 ps

The Ho:YAG’s pulse profile is irregular, with
several energy spikes and rapid decline,
while the TFL's is almost a square wave,
symmetrical, producing a constant peak
power.

.. 12,000 ps =12 ms

Kronenberg P and Traxer O, Transl Androl Urol, 2019

N

Up to 4 time more ablation
volume with the TFL.

Fragmentation
Dusting

Dust size

Higher dust quantity
(smaller dust par

d better dust quality
les) with the TFL

B — oo
= — T Smalrdust partctes

A

Kronenberg P and Traxer O, Transl Androl Urol, 2019

~,

>
Retropulsion

Sirifcantylos raopuison with ho TF,
imes even absent or not noticeable.

ef]

Fiber size

N

A smaller fiber size presents several advantages such as:
* Better scope deflection and accessivilty
* More irrigation and better visibility

Less retropuision and higher ablation efficiency
« Miniaturization possibiliies which directly and indirectly
affect speed and efficiency

N / J

A

Kronenberg P and Traxer O, Transl Androl Urol, 2019

Weight

Ny

Size

245-300 kg

36kg

-

55x46x29 cm

47x116x105 cm

A

Kronenberg P and Traxer O, Transl Androl Urol, 2019
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Energy
efficiency

a1
1. -2

Eneray
consumption

B

-
%ﬁ' =2x

Kronenberg P and Traxer O, Transl Androl Urol, 2019
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Kronenberg P and Traxer O, Transl Androl Urol, 2019
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