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1947
1950
1953
1966

1969

1969-
1971

1971

1974

1977

1980

Rieber
Yutkin
Mulvaney

Dornier

Hausler(physicist)

Behrendt , Hoff
(Dornier)

Dornier

Hausler
Ziegler (Urologist)

German
Government

Eisenberger
Chaussy
Chaussy , Staehler

Forssmann
(Dornier)
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ONOMA ANAKAAYWH

Spark -gap technology for brain fumours
Endoscopic electrohydraulic SW generator (YPAT-1)
Contact -free fragmentation with Continuous wave ultrasound

Pitting on supersonic aircrafts by shock waves generated
after collision with micrometeorites or by rain

Extracorporeal shock waves for medical proposes

Animal and in vitro underwater studies

Conference of German Physical Society in vitro studies

Invest on a huge Research program Munich

Animal studies

Model to implant human stones into the renal pelvis of
healthy dogs

Technological advancement



ETOZ ONOMA ANAKAAYYH

1976 Chaussy Ultrasound localization system

1978 Chaussy X-ray localization system

1978 Chaussy Animal experiments on successful SWL

1979 Dornier HM1 installed in Munich

1980 Chaussy-Jocham  First clinical application

1980-2  Chaussyef al 220 patients treated

1982 Dornier HM2 installed in Munich

1983 Dornier HM3 installed in Munich

1984 FDA HM3 is approved

1986 Dornier >200 HM3 installed worldwide and 250000 pts treated

- Unmodified HM3  The original machine of 80nF capacitance

- Modified HM3 Generator of 40nF capacitance, slightly larger reflector aperture
to produce a tighter focal zone

1990 Dornier HM4, a dry lithotripter with a water cashion

e
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ONOMA ANAKAAYWH

1980
1985
1980's
1986

1988

1989
1988
1993

Late 80's

UROSchool 2013 §

Kurtze, Riedlinger
Wolf Company
Erlagen

Coptcoat, Miller,
Wickham

Delius, Heine
Brendel

Sauerbruch
Bochum, Germany

Valchanou ,
Michailov

Direx medical
systems

W

Piezoelectric crystals, Karlsruhe

First ESWL with a piezoelectric machine
Electromagnetic lithotripters

First ESWL with electromagnetic

ESWL in gallbladder stones

ESWL in pancreatic stones
ESWL of a non-union fracture

OssaTron, special orthopedic device

Compact Lithotripter and use of a C-arm
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Baoikn puoikn (evépyeia , eAaoTIKEC 1810TNTEC
TWV UYPpWYV, TTUKVOTNTA KAl Ttieon, NAEKTPIOHOC

Kdl HayvnTIoHOC, Hnxavikd Kupara)
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XapakTnp1oTIKA akouoTIkoU (KpouaTikoU)
KUMATOC

Kupatopoppn: Bpaxeia maApikn (#5us; 100kHz -
IMHZ) un npitovoeidng (nonlinear)
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Pdoeic akouoTIkoU KupaToc (oupTmieon -
£PEAKUOUOC)

(30-110)

Oéocic oupmicong (TUKvwong)
uoplwv guoTou

Peuoté péoo
0t hpedia

KIVOUHEVO
avTIKEIJEVO

esoalc_; e@eAKUOUOU (apalwonc)
Hopiwv peuaTou
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MeTadoon akouaTikoU KUHUATOG: £Tidpach OTO
PEUOTO

P = Pot P, (1) TUTIKEG TILEG Yid TOUG 10TOUG:

_ 3
P =Po+Ppg(2) Po=1000 kg/m ]» Z, = po Co (impedance)

o = pu e (3) Co = 1540 m/s
| - TTiean MBoTpiyiag: p, = 100 MPa (103 atm)

!
Pqa / Po - 0.04

u,=67m/s

O1 yetaPpoAécC TTUKVOTNTAC AOYW €TTiOpACNC TWV KPOUOTIKWY

KUpAaTwy ThG AiBoTpiyiac cuvemdyovtal eAdxioth (<5%)
oupTtieon Tou peuaTou péoou (10TWV)
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30
2_ F A
3
N

Mn ypapuikin peTadoon akouoTIkWwy KupdTwy (nonlinear
acoustics)

Ca = Pa / Zy (4) Pa 11+ Cq = Co*+P Pq / Zo (5)
BP=0uvTEAEOTAHC UN YPAHUIKOTNTAC peuoToU (vepd:3,5 10Toi:xH)

KAioh KapTUANG Teivel aTo o edv dgv UTTAPXE attoppopnon
Mn ypappikh Ttapapépywan < amoppoéYnon:

——— Anpioupyia KpouoTIKoU HETWTTOU

@swpn‘rm&
t.=5/AP ns (6)
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Evépyeia kai ‘Evraon Tou akouoTikoU KUHATOC

t=T

Evépyela moApov: PII = [ _ ?pu,dt = |, =0 2 Pu gy (J/m?)

=

P+= 4
100% - P ()
90%

50% 1

10% 1

-10%
P

Eotwokr evépyela moApov: E = fft P pI1dA (J)

'Evtaon (Iox¥g) : I = = (W/ %)

->
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MeTddoon kai avdkAdon Tou dKouoTIKOU KUHATOG

R — (22_21)2
Yz, +7,)?

Water vs. Soft Tissue

impedance
mismatch

Intensity Transmission Coefficient

102 | 10° — 10* 10° 108 107
Impedance (Rayls)

Intensity transmission coefficient (T;) from water (Z = 1.5 x 109

Rayls) to a second medium, as a function of the impedance of the
second medium
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EoTiaon Tou akouoTikoU KUHATOC

2.TOXOG:

2. UYKEVTPWON TNC AKOUOTIKAC evépyeliacg o€ €va

onueio (MéTpa) peiwvovTag Kard to duvaTov Tnv

eTidpaAon 0TOUC YEITOVIKOUC 10TOUC
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14

Axial distance (cm)

Focal zone (|) = f (source diameter (1), focal length (}))
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Typical shock wave pulse form 1n the focal zone. There 1s a rapid pressure increase at ty to a
peak pressure value P, with the rise time # followed by a decrease to zero crossing the zero
line at t; and a negative phase P— until ty. The time interval t; to t; 1s denomunated a positive
pulse duration tp,. P varies according to the intensity settings of the shock wave generator.
The pulse width t, is defined as the time during which peak pressure is >50% of P.. The
pressure profile P(x,y,z,7) describes shock waves in one specific location of the pressure
field. The focal width is defined according to the —6-dB contour in the x and y direction.

UROSchool 2013 {22 Eur Urol. 2011 May : 59(5): 784-796.
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Electrohydraulic Piezoelectric - Electromagnetic Electromagnetic
Ellipsoid | source - source - source, flat coil - source, cylindrical coil

Electrohydraulic

Electomagnetic

Piezoelectric .

ILIL

Figure 4. Shock wave generation methods.
Reprinted with permission from Ogden JA. Principles of shockwave therapy. Clin Orthop 2001,387:8-17
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Electrohydraulic lithotriptor with focusing parabola

Spark gap electrode
fed e

///

DD ODO DD D 0
Pressure Pulses
)é b
=1

st

Parabolic reflector

Planar electromagnetic lithotriptor

I electromac (cy
Acoustic C 7 19 TH
Metal plates lens DTO pu’. M O D U L| ﬂ l
p Shock w s 1 Pressure Pulses
B
Qs il
| —
[ i ot — Piezoelectric lithotriptor
Electric
generator

Piezoceramic
crystals

Spherical focusing dish
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Factors influencing the success of extracorporeal shock wave lithotripsy

Factor for success Options Specific modifications Advantages Comments/problems
Shock wave generation  Electrohydraulic with  Spark electrode Large focus Vanability of pulses
and focussing ellipsoid reflector ‘
One electrode per session
Twin heads Lower energy density Coupling from two sites 1s
difficult
Electroconductive No vanability of pulses -
40 000 shock waves
Electromagnetic Coi1l membrane with Extension of focal zone Advantage of larger focal zone
acoustic lens by prolonged pulse not clinically proven
duration
Cylinder with paraboloid Dual focus by different Advantage of dual focus not
reflector pulse duration (1e, for clinically proven
renal and ureter stones)
Sphencal element Very large focal zone Not available in Europe
Piezoelectric Sphencal alignment with Three focal sizes Advantage of triple focus not
two layers clinically proven

W
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Lithotriptors

EH

Dornier Human Model (HM) 3, Dornier HM4, Dornier MPL -
9000, Dornier MFL-5000, Medstone STS, Technomed
Sonolith 3000, Northgate SD-3

EM
Lithostar Siemens , Storz Modulith SL, Dornier Compact
EP
EDAP LT, Wolf, Therasonics
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e TTapopoia pe 1o KATAYpHA o€ oTTOI0ONTIOTE £UBPAUATO

AVTIKEIUEVO

o AnpioupyoUvTal HIKpEC PWYHEC OE onpeia oTa oTroid To
stress Twv KpouaTIKWY KUPATWYV Eetrepvd £va KPITIKO
oplo.

 H ouoowpeuon autTwy TWV pwypwyv odnyei aTov

KATAKEPUATIOUO ToU AiBou

Rassweiler et al Eur Urol 2011
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Tear and shear forces

Different theories for initial stone fragmentation. (A) Tear and shear forces: Shock waves
are transmitted and reflected at the low impedance stone-water interfaces. with pressure
inversion sphttmg off stone matenal by tensile stress. (B) Spalling: The distal stone surface

SRS N NFRSENN,. | [P . iyl e i sl sy o e A e il il i i B o s vl e =L R, |
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Spallation

inversion splitting off stone material by tensile stress. (B) Spalling: The distal stone surface
as an acoustically soft interface generates a reflected tensile wave of the initially
compressive longitudinal shock wave pulse propagating through the calculus. with
maximum tension within the distal third of the stone (high-speed shadowgraphy by Zhong).

UROSchool 2013 2
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(C) Quasi-static squeezing: Stone breakage by tensile stress of the circumferential shock
wave resulting from a lower shock wave velocity in the surrounding fluid than within the
stone (modified from Eisenmenger). (D) Cavitation: Negative pressure waves of high-speed

UROSchool 2013 {22



stone (modified from Eisenmenger). (D) Cavitation: Negative pressure waves of high-speed
shocks cause cavitation in liquids surrounding stones and within microcracks or cleavage
interfaces by inducing microjets. (E) Dynamic squeezing: Shear waves initiated at the

UROSchool 2013 {2



Quasi-static squeezing

E Blue = Compression
Red = Tension Absence of tension rules out  Shear waves responsible
Green = Shear contribution from spall for tension

I SISy SSe—

Twe s

Incident shock wave Shear wave generation at edge of stone

interfaces by inducing microjets. (E) Dynamic squeezing: Shear waves initiated at the
corners of the stone and driven by squeezing waves along the calculus lead to the greatest
stress and tension (three-dimensional computer simulation according to a numerical model
by Cleveland). Note the different pressure distributions and travelling time of waves inside
and along the stone surface. *Blue = compressive phase: green = maximum shear stress (55
MPa): red = maximum tensile stress (80 MPa).

UROSchool 2013 22



Fig. 3.

Stfess fields in the different stone experiments using a research lithotripter patterned after
the Dornier HM3 system (Sapozhnikov et al. [12]). The maximal stress field (a) is little
changed by blocking the longitudinal wave entering the stone (e) or altering the distal end of
the stone (b.c.g). However. blocking the circumferential squeezing wave alone (d) or
preventing the creation of shear waves at the corners (f. h) significantly reduces the intensity
of stress.

UROSchool 2013 2
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AAANAETiOpaon TwWV KPOUOTIKWYV
Kupgatwv pge Touc (wvravouc
1I0ToUC Kal Ta KUTTAapa
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KutTapikn kakwon

* ApXIKa N mieon ToU KPouoTikoU KUHATOC
TPOKAAEI KUTTAPIKA AUon

e 2TN OUVEXEIAd N omnhAdioToinon TPOKAAEI 10TIKN
kakwon (ouvnBwce pera Tic 1000 kpouoeig)

o Anuioupyeital urrofia wou odnyei oe

amonTwon

Eur Urol 2011 May : 59(5): 784-796.

o
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Neppikn kakwon

» BAepPidia pueAol (grade I)
* ApTtnpidia @Aoiol (grade IT)

 Mnxaviopoi kakwong: anéoraon (apxika), diaocxion,
omnAdiowoinon, doUHHETPN avanTtuén puoaAidwv Karta

HAKOC TWV ayyeiwv

e 2NnHaocia TNC EVEPYEIAKAC TUKVOTNTAC

Eur Urol 2011 May : 59(5): 784-796.

-
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2.3. Effects on Tissues

2.3.1. Kidney.

¢ 2uvnOéoTepo oUpnTwHa: aigatoupia (Aiywv nuepwv)

 ApXIKA Kakwon otn pHueAowAoliikn oupPoAn, oc ayyeia He
AETTTO ToiXWwWHaA Kail oTo oweipapa

 Meciwon ve@pIiKNC KAKWONC HE HIKPO aApIOUO KUHATWY,

AOYW TOTIKAC ayyEIOOUOTOANC

The Scientific World Journal
Volume 2012, Article ID 619820, 6 pages

UROSchool 2013 A



2.3. Effects on Tissues

2.3.2. Cardiovascular Apparatus.

* AppuBuia (10-60%) Adyw mpowpwv KOIAIAKWY CUOTOAWYV

* ‘Exouv avaypepOci mepioraTika pRénc aveuplopaToc adopTNC
/ VE@PIKAC apTnpidc

* ApTtnpiakn unéptaon (ab€non 81aoToAIKAC Ticoncg) £XEl

avapepOcei oto 8% (pakpompoOceopa idia moocooTa)

The Scientific World Journal
Volume 2012, Article ID 619820, 6 pages

UROSchool 2013 A



2.3. Effects on Tissues

2.3.3. Gastrointestinal Apparatus.

« 1.8% (diatpnon avo kéAov, diaPppwan 125akTUAov)
2.3.4. Fertility and Pregnancy.
 AnoAutn avTtévdeién n kunon
o Acev éxouv diamoTwOei povipec PAAPEC oTOUC OPXEIC KAl

TIC woOnNkec wou va emnpedalouv Th yoviHoTNTA

« 2g ESWL AiBwv katw 1/3 oupntipa pmopei va

diatapaxOolv ol TapAPETPOI TOU OTEPHATOC

The Scientific World Journal
Volume 2012, Article ID 619820, 6 pages
UROSchool 2013 A



Table 12: SWL-related complications (1,4,46-48)

Complications % Refs.
Related to stone fragments Steinstrasse 4-7 49-51
Regrowth of residual fragments 21-59 52
Renal colic 2-4 48
Infectious Bacteriuria in non-infection stones |7.7 - 23 52,53
Sepsis 1-2.7 52,53
Tissue effect | Renal Haematoma, symptomatic <1 1,54
_ Haematoma, asymptomatic 4-19 1,54
Cardiovascular Dysrhythmia 11-59 5255
Morbid cardiac events Case reports 62,55
Gastrointestinal Bowel perforation Case reports 56-58
Liver, spleen haematoma Case reports 58-60

The relationship between SWL and hypertension or diabetes is unclear. Published data are contradictory and

no conclusion can be reached (9,61-63).

UROSchool 2013 {22

EAU Guidelines, Urolithiasis, Update March 2013




BJU INTERNATIONAL

BJUI
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Twenty-year prevalence of diabetes mellitus and
hypertension in patients receiving shock-wave
lithotripsy for urolithiasis B

Ben H. Chew”, Bogard Zavaglia*, Christine Sutton®, Robin K. Masson*,
Siu Him Chan*, Reza Hamidizadeh*, Justin K. Lee*, Olga Arsovska®,

Victor A. Rowley’, Charles Zwirewich®, Kourosh Afshar* and Ryan F. Paterson
*Department of Urologic Sciences, Gordon & Leslie Diamond Health Care Centre, Vancouver, and "UBC Faculty of
Medicine, Department of Radiology, University of British Columbia, Viancouver BC, Canada

*

CONCLUSIONS

e No association between lithotripsy and
the"Beveropment of either DM or
hypertension in @ multivariate analysis

e Metabolic cyndrome may have elevated
the prevalence of DM and hypertension
observed in our subjects on univariate
analysis, which is in keeping with the fact
that our study population had statistically
higher body mass indices than the provincial

rate.
Level of Evidence 2b

BJU INTERNATIONAL © 2011 BJU INTERNATIONAL | 109, 444-449



Enidpaon otnv Aptnpiakn Tlieon

> Aev unip€e oTATIOTIKA onUavTikin ouoxéTion HeTaly
AY kai ESWL

Elves AW, BJU Int 2000:85:611

> T tng ATT pera ané ESWL =
Barbosa PV, Urology 2011,78:22 :E

> { Tnc ATT petd ané ESWL e el

Protogerou V, J Endourol 2004;18:17| "1 .
105 - T

95 4

—4—MAP 24H
=& DAP 24H
85 4 4 *>- — o [TsAP 24H

4
-_‘*—.7 - —.—-—_,___.
65 -

55

3 months 6 months 9 months 12 months

e
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ENAEI=EIX KAT
ANTENAEI=ZEIZ ESWL
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ENAEI=ZEIZ ESWL

A) mapayovre¢ mwou e€aoaAifouv emITUXEC aroTEAEoHA

MéyeBoc AiBou < 2cm

Movnpnc¢ AiBoc¢

Evromion AiBou ( dvw-péon KaAukikh opdda, veppikh TUEAOC, avTEPO
TUAHA oupnThpa)

2.UvOeon AiBou: d1udpiko ofaAiko aopéaTio, amaTiTng, HiKkToi AiBoi (
CT-povddec Housefield)

®uaioAoyikh avartopia

ATrouaia Aoipwéng

UROSchool 2013 A2



ENAEI=ZEIZ ESWL

B) mapayovtec mou npodikalouv BUOHEVEC amOTEAEOHA
MéyeBoc AiBou > 2cm
TToAAatrAoi Ai©ol
Evromion AiBou: KATw KAAUKIKA opddd, KATWTEPO THAKA oupnThHpPd

2.UvBeon AiBou: pHovoudpikd ofaAikd aapéaTio, PpouaiTng, KUATIvNG,

AiBo1 matrix

ATtoppaih

UROSchool 2013 A2



ANTENAEI=ZEIZ ESWL
 KUnon

e 2 opapéC avwpaAieC Tou HUOOKEAETIKOU

e 2 opapov PpaBuol Tlaxuoapkia

e Aveupuopara dopThC R VEPPIKAC ApT.

e Mn-eAeyxopevn diatapaxi TNKTIKOTNTAC

e Mn-cAeyxopevn Aoipwén oupoToiNTIKoU

o YTTepAAIKEC

*H mtapouaia Bnuatodotn AEN amoteAei avtévdeiln
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« EML: o1 io diadedopévol (avamapaywyipol-
avOeKTIKOI)

e EHL: onpavTikf petapAntoTnta (shot-to-shot
>50%) Twv KupdTwy / peTaTomion eoTiaong &
pOopd nAekTpodiwv HE TO XpOVO - AvdAyKn
avTikardotaonc

e PEL: o1 AiyoTepo d1adedopévor (TTo pTwxd
amoTeAéopara)

* Dornier HM-3: Ta kaAUTepa amoTeAéopara HEXP!

onpepa
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o TTpoPAnUATIKEC O OUYKPIOEIC = OXETIKA Aiya

dcdopéva

o Aev umdpxel oaphc TPOTTOC TUTTOTTOINONC TWV TPIWV
KUpIwv TtapapéTpwy (1oxU¢, apiBpoc KupdTwy,
puBuoC) waTe va ouykpiBoUv aliomioTa Ta didpopd
oUoTHUATA

 TTio 1o0xUpoi AiBoTpimtTeC pe oTevoTepn (Wvn
eoTiaong oxeTiCovral e T TooooTd
ETTAVETTEUPATEWY KAl ETITTAOKWY CUYKPITIKA HE

AMBoTpimTec eupUTePNC (Wwvng eoTidong
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2UvioTwpeveg dooei¢ (pe pdon KAIVIKA aTtoTeAéopara):

(1) AiBoi veppoU: Edose(12 mm) = 100-130 J
(2) AiBoi oupnTthpa: Edose(12 mm) = 150-200 J

« E&aptdrai amd Tov AiBoTpiTtTn (TpoUToOETEI HETPAODEIC)

«  MéTpo aUyKkpIonC aTpaTnyIKWY Bepateiac KAl ATTOTEAEOUATIKOTNTAC TWV
d1apopwyv AIBOTPITITWYV

« H emTuxia tng ESWL o¢ didpopa emimeda évraong (TTUKVOTNTEC
EVEPYEIAKNC PONC) cival idia av o apiBPo¢ KpoUoewv PeTAPEPEI AUVOAIKA

IoodUvapn evepyeiakh 0oon
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5.5.3.2 Shock wave rate

Lowering shock wave frequency from 120 to 60-90 shock waves/min imgroves SFR ‘1 2-16). Tissue damage

increases with shock wave frequency (17-19).

Recommendation LE GR
The optimal shock wave frequency is 1.0-1.5 Hz (16). 1a A

EAU Guidelines, Urolithiasis, Update March 2013
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Zhe Effect of Shock Wave Rate on
he Outcome of Shock Wave Lithotripsy: A Meta-Analysis

Michelle Jo Semins, Bruce J. Trock and Brian R. Matlaga*®

From the James Buchanan Brady Urological Institute, The Johns Hopkins University School of Medicine, Baltimore, Maryland

Randomized, controlled trials of the effect of shock wave rate on outcome of shock wave lithotripsy

References + Cohorts No. Pts Mean Pt Age Stone Size % Success % Stone-Free
Pace et al:®
Slow 111 49.2 84.4 mm? l!alg* 56.4
Fast 109 50.7 80.4 mm?* E 444
Madbouly et al:*
Slow 76 42 13.2 mm s Not recorded
Fast 80 422 13.2 mm 90.0% Not recorded
Yilmaz et al:'°
Slow 57 44 13.12 mm 89.5% Not recorded
Fast 56 405 14.02 mm b v Not recorded
Davenport et al:"!
Slow 49 53 67 mm? % 49
Fast 51 50 56 mm? 49
Study
Pace + -0.133 (-0.254, -0.009)
Madbouly B -0.087 (0.174, -0.017)
Yilmaz — B -0.163 (-0.307, -0.019)
Davenport I 0.008 (-0.181, 0.196)
Combined —@ -0.102 (-0.168, -0.037)
. | . THE JOURNAL OF UroLOGY®
04 02 0 02 o4 Vol. 179, 194-197, January 2008
;7 Fic. 1. Risk difference in proportion of successful lithotripsy proce-
U Qoschool 2013 &K.% dures using fast vs slow rate (fixed effects model).




w22 luation of the Optimal Frequency of and Pretreatment with
axck Waves in Patients with Renal Stones

Jong Yeon Lee, Young Tae Moon

Department of Urology, Chung-Ang University College of Medicine, Seoul, Korea

TABLE 1. ESWL treatment, outcomes, and costs according to shock wave frequency

60 shocks/min 120 shocks/min
p-value
(group I) (group II)

No. of patients 25 23
Age (yr, SD) 52.4 (£14.2) 50.9 (£15.2) 0.728
Male:Female 17:8 15:8 0.838
Stone side (Lt:Rt) 12:13 9:13 0.536
Stone location

Renal stone:Pelvis stone 9:16 9:14 0.823
Stone size (mm, SD) 6.6 (#£0.5) 7.6 (£5.2) 0.149
No. of ESWL sessions to success (SD) 1.36 (x0.11) 2.00 (£0.21) 0.008
Total no. of shock waves (SD) 3, EA| 1924 (+ y
Treatment success after 1st ESWL (%) 64.0 34.8 0.044
Analgesia requirement 40.0 34.8 0.709
Pain scale (VAS) (0-10) 0.63 0.6 0.523

Group I had received 2.000-3.000 shocks at a rate of 60 shocks/min, and group II had received 2,000-3.000 shocks at a rate of 120
shocks/min, EWSL, extracorporeal shock wave lithotripsy, Lt: left, Rt: right, VAS: visual analogue scale

> Korean J Urol 2011:52:776-781
UROSchool 2013 A



“luation of the Optimal Frequency of and Pretreatment with

(laxck Waves in Patients with Renal Stones

Jong Yeon Lee, Young Tae Moon

Department of Urology, Chung-Ang University College of Medicine, Seoul, Korea

A B
100 - st : 7 EE Pre-NAG/Cr
st success rate Bl Post-NAG/Cr
80
15.0 -
@ R
S 60- o
% O 10.0
3 pd
5.0 -
20
0 . . 0.0 '
l I [ v
Group Group

FIG. 1. (A) Treatment outcomes according to frequency (p=0.044). (B) N-Acetyl-p-d-glucosaminidase (NAG)/creatinine (Cr) levels
according to pretreatment (p=0.406). I: 60 shocks/min (group I), II: 120 shocks/min (group II), III: pretreatment (group III), IV:
non-pretreatment (group IV).

> Korean J Urol 2011:52:776-781
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TomoBéTnon Tou aoBevouc Kai ouleuln yia Thv
dpdon TWV KPOUOTIKWY KUHATWYV
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TomoB£ETnon aoBevouc - 20uleuln

2.TOXOl:
KaAUTtepn duvatn emagpn cwpatoc-udpopopou paciAapiov
(o@IXTA - oHaAR - Xwpic TTapePoAn aépa)
KaAUTepo duvaTod akouoTiko TTapdBupo (amopuyn ooTwy)

AveTn B€an (amopuyh HETAKIVACEWY)

Istanbulluoglu et al. Urol Res. 2011;39:177-80
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MeTadoon kai avdkAdon ToU dKoUOTIKOU KUHATOC

1
. . 7 72
E Water vs. Soft Tissue R ;= ( 2 1)2
E -y - e (Zz + Zl)
g 07} .
O | LT
5 0.6 | TI=1_RI
@ OsfF T T
=
G 0.4} !
g .l X\ mpedance
%’ 02} mismatch
£ o1f ]
0L \¥ -
102 10° 10° 10° 10° 107

Impedance (Rayls)

Intensity transmission coefficient (T;) from water (Z = 1.5 x 106 Rayls)

to a second medium, as a function of the impedance of the second
medium
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v Tumikn ©éon n UttTia (dev uTtdpx el amdAUTN cUHPWVia)
v  EAAX10TEC HEAETEC:
v Ymép UmTiag:

- Cost effective

- Less morbidity

- Prone caries risk of small intestine perforation

v YTtép tpnvoUcg Aiveg peAétec (kdTw 3-popio oupnTnpa)

UROSchool 2013 A



v Tpomomoinpévn TphvAc/UTTIa
(Héoo-kaTw 3-pHoplo oupnThHPA)

ventral

O H.

N

dorsal
| ]

Kose, Demirbas M. BJU Int. 2004;93:369-73
Hara et al. J Endourol. 2006;20:170-4
Demirbas Urol J. 2012;9:557-61

)

S
ol
)
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Water-bath lithotriptors:

Dornier HM3
“The ideal coupling”

-
UROSchool 2013 TA

e
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Dry lithotriptors today:
SW source mounted in a

“therapy head,” capped by a thin

) rubber membrane filled with

* water (water cushion)



v Tlapouagia pepppavne — emimtAéov emipaveie¢ avdkAaong
v' H mtapouacia pikpwy guoaAidwy aépa petall pepppdavng - 0€pUartoc
gival axedov aduvaTo va amopeuxOei

v EAAeippa kdAuyng 2% — 20-40% | kaTtakeppaTiopov in vitro

UROSchool 2013 &



zBsATloTonoinon Tn¢ ouleuénc (TpakTikEC odnyiec)

1. =Upiopa dépparocg

2. Xphonh véAng uttepAxwyv eAeUBepnc puoaAidwy

3. Aiavopn améd pmoukdAi/doxeio pe dvoiyda pHeYAANG
OIAUETPOU - OXI HEGO HIKPOU AKPOPUCTiou

4. Egpappoyh AoyIKAC TTOOOTNTAC OTO KEVTPO TNC KEPAANC HE
Hopon owpoU - amopuyn oHoIOHoPPNG EPAPHOYNG

5. ®ouokwpa paiAapiol - KaAn spappoyn pe déppa

6. TTapakoAoUBnon diathpnonc Tne (evénc katd Tn d1adikaagia
kal 010pBwoaon epooov xpelaleTal

7. 2uvThphoh Tn¢ pepppdvng He okoUTTIopd oTo TEAOC KAO«e
ouvedpiac n aAAayng Béonc

Bohris et al. J Urol. 2012;187:157-63
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A) (Avopeveic) TTapayovrec oxeTi{opevor pe 1o AiBo
e« MéyeBoc > 2cm

o Evrémon (kaTw KAAUKIKA opdda’, katw 3-popio

oupnThpa) R
. o , \ v\
AvaTopia KATw KAAUKQ: O /
v Ofcia auxevo-TtueAiki ywvia (<70°) ;5\\
v Makpuc kdAukac (> 10 mm) " \ :><

v ZTevéc auxévac kdAuka (< 5 mm)
e 2UoTaon: Ppouaitng, Hovoudpiko ofaAiko aopéaTio,
KuaTivn
(CT-HU > 900-1000)

-
>

UROSchool 2013 22



B) (Avopeveic) TTapayovrec oxeTi{opevol pe Tov aocOevi
o 2o0papéc oKeEAETIKEC avwiaAieg \ /"‘
« Tlaxuoapkia (BMI>30) \>< Lf

 AmodoTaon dépparoc-AiBou (>9-10 cm) ’ /

- e
UROSchool 2013 =3
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[Tapayovrec oxeTi{opevol He TV ekTEAeon Tne ESWL
(best clinical practice)

e 2woTh B€éon - EmiTeuln PEATIOTNC AKOUOTIKAC ouleuing

e Ap1Buoc kpouoTikwy KupdTtwy = f (AMBoTpiTtTn - evépyeiag):
Aev uTtdpx el opopwvia yid To HéyioTo dpiOud kKpoUaeEwV

» Tpomo¢ xopAyYNnong KpouaTIkKWyY KugdTtwy (power ramping)

e 2uxvoTnTa KpouoTIKWwY KupdTtwy (60-90/min: 1.0-1.5 Hz)

Current standard. low-to-moderate acoustic pressures with as

few shock waves as possible, at a slow shock wave rate”

* TIpooekTIiKA TTapakoAoUBnong sotiaon¢ (akTivookomikd/US)
e TTpooeKTIKOC €AeyX0C Tou TTOVOU (TTEPIOPIOHOC KIVAGEWY)

A) Tlapayovrec oxetTi{opevol ge Tov AIBoTpinTn

e
UROSchool 2013 A
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There are no conclusive data on the intervals required between repeated SWL sessions. However,
clinical experience lnalcates tHat repeat sessions are ?ea3|5|e zWItHIn 1 aay ior uretera| stones).
Statement LE
Clinical experience has shown that repeat sessions are feasible (within 1 day for ureteral stones). 4

EAU Guidelines, Urolithiasis, Update March 2013

e Y& KUTTUPLKO ETITEOO ETOVAMOT VEPPLKNS KAKOOTNS
OLUTIOTOVETUL 6€ 1-2 gfoopnades (O€ikTNG UTOTTMOONG)

The Scientific World Journal
Volume 2012, Article ID 619820, 6 pages

e
UROSchool 2013 A



Mahmoud Mustafa - Kuddusi Pancaroglu

UROSchool 2013 22

(gansitional cells at cytologic examination after SWL was
significantly influenced only by number of shock waves
applied (p =0.003). No muscle cell was detected in all
cytologic examinations. The cytologic examinations which
were done after 10 days of SWL therapy showed recovery
from all cytologic abnormalities. The acute increment in

number of transitional cells after the SWL is not clinically
important and it is a temporary change. Urothelial lesion is

limited to mucosal layer and there is no evidence of damage
to basal membrane or deeper muscle layer. SWL safety on

Urine cytology to evaluate urinary urothelial damage
of shock-wave lithotripsy

Urol Res (2011) 39:223-227
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5.5.2  Stenting before carrying out extracorporeal shock wave lithotripsy
5.5.2.1 Stenting in kidney stones
<=autine use of internal stents bafare SWI_daes notimorgve SER(LE1D) (7). A JJ stent reduces the risk of

renal colic and obstruction, but does not reduce formation of steinstrasse or infective complications (8).

However, stone particles may pass along stents while urine flows in and around the stent. This usually prevents
obstruction and loss of ureteral contractions. Occasionally, stents do not efficiently drain purulent or mucoid
material, increasing the risk of obstructive pyelonephritis. If fever occurs and lasts for a few days despite
proven correct stent position, the stent must be removed and replaced by a new JJ stent or a percutaneous
nephrostomy tube, even when US does not reveal any dilatation. (panel consensus)

5.5.2.2 Stenting in ureteral stones

The 2007 AUA/EAU Guidelines on the management of ureteral calculi state that routine stenting IS not

recommended as part of SWL (9). When the stent is inserted, patients often suffer from frequency, dysuria,
urgency, and suprapubic pain (10).

Recommendation LE GR

Routine stenting is not recommended as part of SWL treatment of ureteral stones. 1b A

EAU Guidelines, Urolithiasis, Update March 2013

UROSchool 2013 {22



Use of Ureteral Stent in Extracorporeal Shock Wave
Lithotripsy for Upper Urinary Calculi: A Systematic Review
and Meta-Analysis

Shen Pengfei, Jiang Min, Yang Jie, Li Xiong, Li Yutao, Wei Wuran, Dai Yi,
Zeng Hao* and Wang Jia*

« 8 randomized controlled studies (453 vs 423 pts)

« Stenting did not benefit stone-free rate and

auxiliary treatment after ESWL

» Stenting induced lower urinary tract symptoms

J Urol 2011;186:1328

~>
-~
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Ureteric stents compromise stone clearance

results of a matched-pair analysis

B L*I after shockwave lithotripsy for ureteric stones:

UROSchool 2013

 Athanasios N. Argyropoulos and David A. Tolley

BJUI 2008;103:76

Extracorporeal Shock Wave
Lithotripsy for Ureteral Stones:
Do Decompression Tubes Matter?

Seshikanth Middela, Georglos Papadopoulos, Shalom Srirangam, and Poduri Rao

Urology 2010;76:821

2
A



The effects of JJ stent placement on upper
urinary tract motility and calculus transit

e« Canine models

« Acute effects: raised intrarenal pressure, reduced
pelvic and ureteric motility, delayed calculus

fransit time

* Prolonged effects: return of normal intrarenal
pressure, persistent motility changes and delayed

calculus transit

R e
UROSchool 2013 =3
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ESWL of middle ureteral stones: are
ureteral stents necessary?

¢ 33 pts

* Pre-treatment stenting did not provide any
advantage

L
UROSchool 2013 A
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‘ CImpact of the degree of hydronephrosis on the
efficacy of insitu extracorporeal shock-wave
lithotripsy for proximal ureteral calculi

« 284 pts, prospective randomized study
« Stone-free rate: 80% vs 89% (p=0.012)

* Hydronephrosis was highly associated with re-
treatment (2.4 vs 1.7; p< 0.001) and prolonged
clearance time (16.2 vs 11.6 days: p< 0.001)

PN B »’?
UROSchool 2013 =3
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Does Degree of Hydronephrosis Affect
Success of Extracorporeal Shock Wave
Lithotripsy for Distal Ureteral Stones?

Ahmed El-Assmy, Ahmed R. El-Nahas, Ramy F. Youssef, Ahmed S. El-Hefnawy, and
Khaled Z. Sheir

Urology 2007;69:431

Extracorporeal Shock Wave Lithotripsy in the Treatment
of Proximal Ureteral Stones: Does the Presence and
Degree of Hydronephrosis Affect Success?

Christian Seitz”, Harun Fajkovic, Matthias Waldert, Enis Tanovic,
Mesut Remzi, Gero Kramer, Michael Marberger

Eur Urol 2006;49:378

UROSchool 2013 {22



of solitary proximal ureteral stone after ESWL

182 pts

In multivariate analysis, hydronephrosis and stone

size were stone-free predictors

< 1cm stone: stone-free rate 80% vs 56% (mild vs

moderate-severe hydronephrosis)

> 1cm stone: stone-free rate 65% vs 33% (mild vs

moderate-severe hydronephrosis)

. .
UROSchool 2013 =3

~d



Is pre-shock wave lithotripsy stenting
necessary for ureteral stones with moderate or
severe hydronephrosis?

« 186 pts, prospective randomized study

 JJ did not affect the stone-free rate (85% vs
92%)

 No statistical difference in the re-treatment rate,
flank pain, temperature

« JJ group with statistically more stent-related

symptoms

F\f\‘—' .t?
UROSchool 2013 =3
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assessed for hydronephrosis.

Recommendations for MET LE GR
For MET, a-blockers are recommended. 1a A
Patients should be counseled about the attendant risks of MET, including associated drug side A"
effects, and should be informed that it is administered off-label™ .

Patients, who elect for an attempt at spontaneous passage or MET, should have well- A
controlled pain, no clinical evidence of sepsis, and adequate renal functional reserve.

Patients should be followed once between 1 and 14 days to monitor stone position and be 4 A"

5326 Duration of medical expulsive therapy treatment

Most studies have had a duration of 1 month or 30 days. No data are currently available to support other time-

intervals.

5.3.2.3 Medical expulsive therapy after extracorporeal shock wave fithotripsy (SWL)

Clinical studies and several meta-analyses have shown that MET after SWL for ureteral or renal stones can

expedite expulsion and increase SFRs and reduce analgesic requirements (7,12,41-49) (LE: 1a),

EAU guidelines, 2013
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3 a-Blockers to assist stone clearance after
B UI extracorporeal shock wave lithotripsy:
a meta-analysis

Zhu et al. BJU Int. 2010;106:256-61

Yefang Zhu*, Diederick Duijvesz’, Maroeska M. Rovers™ and Tycho M. Lock®

FIG. 3. Forest plots with: stone clearance as the outcome for tamsufosin 0.4 mg; and expulsion time as the outcome

Tamsulosin Control Risk Difference Risk Difference
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% Cl
[24] 28 29 23 29 20.6% 0.17 [0.01, 0.33] — &
[25] 20 30 18 31 12.1% 0.09 [-0.16, 0.33] e -
[27] 17 24 8 24 10.7% 0.38 [0.11, 0.64] =
[28] 23 28 12 21 11.2% 0.25 [-0.00, 0.50] = %
[29] 48 51 55 65  29.7% 0.10 [-0.01, 0.20] T
[30] 31 40 18 40 15.7% 0.33[0.12, 0.53] e
Total (95% Cl) 202 210 100.0% 0.19 [0.10, 0.29] ’
Total events 167 134 | | | l

Heterogeneity: Tau? = 0.01; Chi* = 7.90, df=5 (P = 0.16); I = 37%
Test for overall effect: 7Z=3.88(P <0.001)

—05 -=0.25 0 0.25 05
Favours control Favours tamsulosin

Tamsulosin Control Mean Difference Mean Difference
Study or Subgroup Mean SD  Total Mean SD  Total Weight IV, Random, 95% Cl IV, Random, 95% Cl
[25] 1322 473 30 1295 692 31 429% 0.27 [-2.70, 3.24]
[26] 1566 6.14 38 3547 537 34 20.7% -19.81[-37.97, —1.65] - .
[29] 3553 19.47 51 4722 2364 65 36.4% —11.69 [-19.54, —3.84] ——
Total (95% Cl) 119 130 100.0% —8.24 [-19.54, 3.07]

Heterogeneity: Tau? = 75.25; Chi? = 11.74, df = 2 (P = 0.003); I = 83%
Test for overall effect: Z=1.43 (P=0.15)

-50 -25 0 25 50
Favours tamsulosin Favours control

Pain and usage of analgesics was reported in 4 RCTs: lower for tamsulosin

e
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isulosin as adjunctive treatment after shockwave lithotripsy in

patients with upper urinary tract stones: A systematic review and

meta-analysis

SHUO ZHENG, LIANG REN LIU, HAI CHAO YUAN & QIANG WEI

Zheng et al. S, Scand J Urol Nephrol. 2010;44:425-32

Tamsulosin Control Risk ratio

Risk ratio

Study or Subgroub Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI

1.1.1 Tamsulosion 0.4 mg

KUPELI B 2004 [24] 17 24 8 24  23% 2.13[1.14, 3.96]
Gravina GL 2005 [11] 51 65 39 65 85% 1.31[1.03, 1.66]
Gravas S 2007 [12] 20 30 18 31 47% 1.15[0.78, 1.70]
Bhagat SK 2007 [2] 28 29 23 29  9.8% 1.22[1.00, 1.48]
Micali S 2007 [8] 23 28 12 21 4.4% 1.44[0.96, 2.16]
Wang HJ 2008 [16] 31 40 18 40 49% 1.72[1.18, 2.52]
Naja V 2008 [15] 27 51 20 65 3.9% 1.72[1.10, 2.69]
Wang CJ 2009 [20] 29 34 31 38 95% 1.05[0.85, 1.28]
Agarwal MM 2009 [18] 11 20 5 20 1.3% 2.20[0.93,5.18]
Tajari H 2009 [6] 68 80 64 80 11.8% 1.06[0.92, 1.23]
Hussein MM 2010 [21] 49 67 38 69 7.8% 1.33[1.03,1.72]
Subtotal (95% CI) 468 482 68.9% 1.29[1.14,1.47]
Total events 354 276

Heterogeneity: Tau” = 0.02; Chi* = 20.99, df = 10 (P = 0.02); I = 52%
Test for overall effect: Z= 3.89 (P < 0.0001)

Figure 1. Pooled stone clearance of tamsulosin
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Table 1: Fate of residual stone fragments following SWL

Series No of Mean Stable (%) |Regrowth Stone free
patients follow-up in (%) (Spontaneous
months passage) (%)
(range)
Beck 53 26.6 11 78 11
Moon 248 6 - - 927
Streem 160 23 (1.6- 435 10 46.5
88.8)
Buchholz 55 54 127 2 85.3
Zanetti 129 12 (3-12) 435 10 46.5
Candau 83 40.6 (7-96) 29 37 34
Khaitan 81 15 (6-60) 17.3 58.7 24
Afshar* 26 46 31 69 -
Osman 76 57 (52-63) 27.3 21.4 51.3
El-Nahas 154 31(7.3- 52.6 33.8 13.6
80.2)

UROSchool 2013 A




Table 2: Medical therapy effect on residual stone fragment activity.

Reference Stone free Stone size unchanged | Stone size increased™*
or decreased
Medical | Control Medical Control Medical Control
therapy therapy therapy
Cicerello* 80.5% 36% 75% 52.6% 5% 47%
Soygur*® 44.4% 12.5% 56.6% 25% - 62.5%
Sarica*t - - 81.8% 27.2% 18.2% 72.8%
Fine 58.3% 38.4% 13.9% 0% 27.8% 61.6%
Wang*** | 85%/80% 82% - - - -

UROSchool 2013 4
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