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[otopun Avadpoun

1960 Ilpwtn NAentpovdpaviiny yevwnrolx napaywyns SW yta v Bpadon Aibwv.
(YPAT-1 Medexport Moscow, USSR) 2°¢ mayndoutog norepog-gouBeg Bubod.

1966 tyaia txpatnEnon g enidpaong 1wv SW otov avbpwno ( Dornier )

1969 npoTaom ;m ™V gpevva ™G epappoyng Twv SW oty Iatown(Tech. Uni. Saarbugen, Germany &
ornier

1969-71 pehéteg enidpoomg #povoTnav xupdtwy ot {wwrods totovg YEOA. Op.I'eppaviag/Dornier)
1971  xatancppatiopdg Aibov in vitro
1974 'Evapén epeuvntnob npoypappatog ytoae SWL pe yopnyla tov Y. 'Egevvag xon Teyvoroyioag g Op. I'ep.

1978-79 pekéteg SWL oe nepapatolwo

07/02/1980 7 mpwt SWL oe dvbpwno and toug Chaussy, Jocham xot Forssmann
ue o HM1 oto Iaventompto 1o Movayov

1983 O npwtoc HM3 tonobeteiton oto Katharinen Hospital , Stuttgard
1984 O npwtoc HM3 oto Methodist Hospital, Indianapolis, Indiana
1984 ¢yxpton and FDA tov HM3 yo v avipetonion g Mbicon ovporomtinod (Class 11 machine)

1986 >200 HM3 & >250.000 ESWL
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Fig. 3-1: Schematic illustration of a longitudinal wave. The curve represents pressure or
density as a function of space. In a homogeneous medium the waves produce areas of periodic
compression and decompression. This 1s illustrated by the distribution of volume elements
showing dense and expanded regions.
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A B C D

Figure 38-3 Illustration showing a molecular view point of a sound wave. 4, Medium is at rest. B, A piston pushes all
the molecules out of the left side, resulting in a localized region of compression at the face of the piston (dark region). C,
The neighboring molecules are compressed and the compression region moves away from the piston. D, The wave con-
tinues to moved away from the piston. The molecules at the piston return to their ambient state.
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Fig. 3-4: Curve illustrating the focus width (showing the -6 dB focus).

Eotaem {ovn opiletoat 0g 10 e0Ttand VRO 6T0 (tod ¢ ueytotyg Detnng nieong no Sev
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Ozgpansvtinn Zwvy (5MPa)

*H Ospamevtiny) {wvy opiletar wg 1 Lwvr 6nov 1 ntieor touv
1EOLOTINOL ALUKTOG LTEEPRaivet TV Ttwy Twv 50 bar wote va
EYOLUE LTEWO amotérecpa (2-5MPa).

*H Oepameutiny {ovr pmopel vor ebELTERY] 1] MHQOTEQN TNG
Covng eotioaonc(-6dB) xon oyetileton avdhoyo pe 1o vhog/ T
™G peytotg Betiung mieomnc.

*H Covn diaonaor tov Abou (disintegration zone) etvat 71 Lovn
twv 10MPa-30MPa omou eyovpe uhvind anoteleopo SLACTAONG
tov Abov.
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Figure 38-5 Predicted peak positive pressure in a Dornier HM3 lithotriptor. The pressure is not focused to a point but
extends over a finite volume.
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Figure 38-4 The intensity transmission coefticient (TI)
from water (Z = 1.5 x 10° Rayls) to a second medium, as
a function of the impedance of the second medium. Typi-
cal values are indicated for soft tissue, kidney stones, bone
and air. The transmission to soft tissue is very efficient.
Coupling to air 1s very poor.
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Cavitation (2ZrmtnAatomnolnon)

Crum LA. J Urol 1988.



Spallation

Fig. 3-7: Hopkinson effect.

The grey circle represents a stone. The incoming shock wave (1), travelling from left to right,
1s split at the front stone surface into a reflected (2) and transmitted (3) component. At the rear
stone surface, the shock wave (3) 1s again partially reflected, resultmg 1in a high-amplitude

negative pressure wave (4).
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Figure 38-4 The intensity transmission coetficient (TI)
from water (Z = 1.5 x 10% Rayls) to a second medium, as
a function of the impedance of the second medium. Typi-
cal values are indicated for soft tissue, kidney stones, bone
and air. The transmission to soft tissue is very efficient.
Coupling to air 1s very poor.
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Fig. 23.8 Quasistatic squeczing (Reprimed from™ with permission
from Elsevier)
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Avvapinn nonwon (Dynamic Fatigue)

«O NATAAEQUATIOUOG TOL AoV YopomTNEICETHL ATTO (Lo
TPOOOELTINY| OLAOIUAGLA TTOL ATOTEAELTAL ATO TNV

evop&n (Suvapnn oopmieo),
OLa6007 (oTMAXLOTOLYOT)), oLl
GLVEVWOY] (MOyw avénueévng eubpavotdTTag).»

My avineg Taoelg TEORAAOLY IKPOENEELS
microcracks, mouv youvv wg anotereopa Bpadorn touv
AMBouv ovveTelal TG UATAOTEOYNG TNG LOPLOUNG OOUNG

Rassweiler et al Eur Urol 2011






Lithotripter-generated shock wave

Cavitation
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* At present, there is a debate on the
fragmentation and tissue injury processes,

and no clear metric indicates how well a stone
will break or how damaged tissue will suffer.

Rassweller et al Eur Urol 2011



BA2ZIKA XAPAKTHPIXTIKA TOY
AIGOTPIIITTH

. H yevwntotat moeporywyng tewv #pouotinmy
nopatwv (Shockwave Generator)

. To obotua evtontopon pe C-arm / US
(Imaging/ localization system)

. To obompa petawopdg twv xupatwy (Coupling
system)

. To obompa E0TIUGILOD TWY XEOLATIHWY

NVPLATWY, WOTE O ABOC var elvat €VTOg TOU
cottoanol peyeboug (F2) (Focusing system).



Fig. 1 Three different types of
shock wave lithotripters: elec-
trohydraulic (EH), electromag-
netic (EM) and piezoelectric
(PE) shock sources with various
focusing devices, all of these
lithotripters use dry coupling
configuration with water
cushion
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F2 Size Comparisons

Dormier HM3
15 x @0 mm

Healthtronics Litho Tron -
8 x 38 mm

.

.

Dornmier Compact Delta
. x 81 mm

Siemens Multiline
5 x 80 mm

Storz Modulith
2.8 »x 3¥ mm

Medispec Ecaonolith
13 x 60 mm

Medstone STS
13 x 50 mm

Direx Compact
13 x 48 mm

m
@., .@”0

Figure 38-15 Comparison of the focal zones of selected
climical hithotriptors showing their dimensions along the
axis of the lithotriptor {(ellipses) and in the focal plane at
the tfocus (circles). Image courtesy of P Blomgren.
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Ioett stvot oYPAVTIXO TO EGTLUXO
ueyebog?



MeTaTOTIGY] TOL VEQQEOL WE TIG
UVULTIVEVGTIXEG NIVNGELG

O vepEOG 1ATA TIC AVXTIVEVOTIXEG UIVNOELG ETATOTILETAL XATX LECO
opo 10mm xeparoovpraie, 8.1mm npocthonicOio not 6.1 TAayte oe
N7 vaTvoT| , eve oe Babieg avanvevotineg ntvnoelg ano 10 ewg
40mm sepaloovplaia.

Pham et al. Technol Cancer Res Treat. 2014 Aug

To 40% twv SWs “ydvouv” eviedwg tOv 6TOYO.
Sorensen et al. ] Endourol. 2012 Aug

Ooco peyaddtepo 1o eottano Oyrog evog Abotplinty, 1000
neplocotepeg ot mavotnteg va utumnbel o Albog .
Qin J et al. ] Acoust Soc Am. 2010 Apr



H evpitepn eottony) {wvn mov mopdyetar ano tov MOotplnty yet

vdnAotepn mhavoTTa Yoo Bpadbor Tov Abov.
Sapoznhikov et al ] Acoust Soc Am. 2007 Feb

H ppn Covn eotiaong ypetaotnure 3 oeeg neptocotepa SWs
otav petontyninue o Abog Smm and tov d€ova oTOYELOT,
eV, e TNV eLELTEEN Cwvy] eotiaor|g yoetaotnne 31%
neplocotepx SWs otav o Atbog petantvnbnue 10mm
(dtmAaotor amOOTHGY)) ATO TOV AEOVX GTOYELONG

Pishchalnikov et al. ] Endourol 2013



Big vs small focal zone

“required fewer shock waves and

shorter fluoroscopy times, showed higher stone-free rates for
solitary ureteral stones and multiple stones,

and led to fewer kidney haematomas
and fewer secondary treatments”.
Zehnder, Studer et al. Eur Urol 2011 Apr (Bern)

Although, for a solitary kidney and solitary lower calyx stones,

results were comparable.



Anootooy Tov MOov oo 10 6epua

SSD is an easily measured parameter on NCCT

that independently correlates with SWL

etficacy in treating stones in all locations.

Patel et al. ] Endo 2009 (Columbia,NY)



ABraotnog 0yxog
(Stone Volume)

“stone volume is an optimal predictor of stone
free status atter ESWL of solitary upper urinary
tract calcult”

Bandi,Nagata et al. BJU 2009 (Winsconcin)



ABraanog oyxog

TO [LEYAAO EOTLANO ELOOC YALIVETAL VO EUVOEL ONILAVTINA GTTV
EVULOEY] TOL UATAAEQ A TLOUOVD.

In vitro peieteg vTOGTNEICOLY OTL OTAY TO ECTLANO EVEOG
elvol LEYAADTEQO ATO TV OLAUETOO TOL Abov,

Ol ECWTEQIUES OLAOTIAOTIMEG OLVAELS LEYLOTOTOLODYTAL UL O
NATANEQUATIOPLOG ETEQYETAL e AYOTEQX SWS

Eisenmerger W. Ultrasound Med Biol 2001



Emmioxeg g ESWL

O Mbotpinteg pe pnpotepr) eotomny] {ovy] xot aLENPLEVY| EVEQYELX PALVETXL VX
LEAVOLY TO AUIVOLVO VLU VEPOIUEG UANWOELG NAL VEQOINX LA TWUXTA

Connors et al, ] Am Soc Nephrol. 2000 Feb

O veypneg nanwoetg avaroya pe to Mbotptnty uvpaivovtar ano 1% ewg 19%.
0T0LG VewTtepoug Abotpinteg nupaivovton amo 3 — 12%.
( Atpatopa veppoL ouuntwpatno <1%).

Dhar et al. ] Urol 2004



Complications

%

Related to stone Steinstrasse 4-7
fragments Regrowth of residual 21-59
fragments
| Renal colic 2-4
Infectious Bacteriuriain non- 7.7-23
infection stones
Sepsis 1-27
Tissue effect Renal Haematoma, symptomatic <1
Haematoma, asymptomatic |4 -19
Cardiovascular Dy srhiythmia 11 -59
Morbid cardiac events Case reports
Gastrointestinal Eowel perforation Case reports
Liver, spleen hasmatoma Case reports

EAU Guidelines Lithiasis 2015




Ramping (mpoodeuTy avénon)

H otadoann adénon tov voltage twv
UQOLOTIUWY UVUATWY(EVEQYELNG) NATA TNV
SWL eyet inpotep0 #vOLVO avVATTTLENS

AU TWUATWY GTOV VEYQEO.

Skuginna et al. Eur Urol 2015 Jun (Bern)



1 Teobepameior TOL VEPEOL e YAUYAN OOGY| XOOLVOTINWY

UOUATWY TIOLY TYV YOENYNON TNG UAMVIXY] 000NG TwV SWs

UELWVEL , oA OeV TOOAXUBAVEL TANOWC |
TO O&L VEYEINO OEELOWTINO OTOES UAL TY] YAEYILOVY]
ano 1 Oepameta

Clark et al Urol Res 2011 (Indianapolis)



H npobepaneia mpoayet
OYYELOCTIUGLO TWV
OYYELWY TOL VEYEOL TOL
oYETICETAL hE UELWOY] TNG
LOTIUNG UAAWONG

Handa et al BJU 2011 (Indianapolis)

FIGURE 54-19 Shock wave lithotripsy—treated and control
kidneys imaged by positron emission tomographic
scanning before and immediately after treatment with 3500
shock waves to the lower pole, at level six, with a DoLi 50
device. The site of focus 2 (F2) (lower pole) on the shocked
kidney shows a 50% reduction of renal blood flow (arrow).



PuOpog SWL
O pvOpog pe 60 sw/min eiye onpavTind
ueyaALTeE” ThavotnTa emttuyoLg Bepamelag ano

tov pvOpd 120 sw/min

Semius et al | Urol 2008 (metanalysis John Hopkins)



ITnAixo g amotedeopatinotntag (Efficacy quotient)

% ol stone - {ree patients

(M=
< TO0% + % re - SWL + % postSWL procedures

Yo of stone - free pabients - % of curafive auxiliary meastres

Modified EQ = ,
L00%+% re - SWL +% pre - SWL aux. measures +% post - SWL ad) measures

Denstedt et al. ] Urol 1990
Rassweiler et al EAU Update series 2005



Table 4. Comparison of Modulith SLX-F2 with other lithotripters

SW Patients Mean Stone RR SFR

Lithotripter Source (n) Size (mm) (%) (%) EQ
Dornier HM322 EH 2402 Most <20 6 70 0.64
Sonolith Vision®® EM 309 10.8 16.8 75 0.62
Doriner Compact Delta®* EM 4621 Most <10 7.2 58.5 0.51
Dornier Lithotripter S2° EM 347 12.7 34.0 88.5 0.66
Dornier MFL 50007 EH 347 11.7 51.6 82.4 0.54
Siemens Modularis=°® EM 2670 NA NA 79 0.67
Healthtronics Lithotron?’ EH 256 8 7.7 66 0.59
Medstone STS-T*® EH 326 8.2 NA 66 0.59
Modulith SL202°-3° EM 1049 11.9 23-32 78/91 0.57/0.67
Modulith SLX-F2*# (focus NA) EM 233 12.6 11.5 76.3 0.64
Modulith SLX-F22 (focus NA) EM 599 7 NA 69.8 NA
Modulith SLX-F21° (standard vs wide focus) EM 361 Renal: 14 NA NA 0.553 vs 0.565

Ureter: 11 0.798 vs 0.626
Present study, Modulith SLX-F2 (standard EM 474 Renal 10.5 14.7 77 0.66

focus) Ureteral 8.7

SW, shock wave; RR, retreatment rate; SFR, stone-free rate; EQ, efficiency quotient; EM, electromagnetic; EH, electrohydraulic.
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Figure 50.8 Elerments of “good lithotripsy.”



Table 23.1 Charmcterstics of recently introadawced 1 haodriplers

MMachine

Fhevrvaier
Compasct Sigma

Compact Delia

Lithoiripter 5

Lithmripter S5 11
Siewrerns
Multiline

MModulams

Litheoskop

Storr Medical
rodulith 51X

MModulicth SLE

Modulith SL.X-F2

Niraire
Compaect 5

Richaed Woll
Piczolith 30

Fafap- Technomed
LT02—3

Wisiom

Sonclith I-sws

Al vdvarae
Mestone STS-T

Frirex
Mowva Llimas

e
Int=gra
HTAET Merlalarmnfes

LithoCriamnomnd

AST
LiathaoSpace

Cratiom

Elcctromagnetic {fat
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Electromagnetic {fat
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Electresmagnetic {fat
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Lithotriptor Shock wave generation Focal size  Focal depth (mm)  Maximum pressure (MPa)  Localisation system Features
(—6 dB)
Lateral
(mm)
Siemens LITHOSKOP Electromagnetic (coil; pulse) 12 160 At Isocentric fluoroscope C- Shock wave source on
arm parallel isocentric C-arm
Inline ultrsound Multifunctional working
station
Dornier Doli 8 Electromagnetic {coil, EMSE, [ 150 90 Isocentric fluoroscope C- Three simultaneous
220) arm localisation options (tri-
Inline ultrasound Lateral mode)
ultrasound
Storz-Medical MODULITH SLX-F2  Electromagnetic {cylinder) Fl: 6 180 150 Inline fluoroscopy Two focal sizes
F2:9 90 Inline ultrasound Multifunctional working
station
Xi Xin XX-ES Electromagnetic (self-focusing) 18 180 30 Lateral ultrasound Low-pressure ESWL
Large focus
EDAP TMS Sonolith i-sys Electroconductive (Diatron IV) 14 170 (155-210) MNIA Isocentric fluoroscope C- Mo jitter effect
arm Automatic pressure
Isocentric ultrasound regulator
MTS Lithogold 380 Electrohydrulic (SmartTrode) 16 165 40 Adaptable to a C-arm Low-pressure ESWL
Large focus
AST LithoSpace Electrohydraulic 17 140 38 Adaptable toa C-arm and  Navigation with acoustic
ultrasound track ing { SuperVision)
Richard Wolf PiezoLith 3000 Piezoelectric (two self-focussing  F1:2 165 126 Isocentric fluoroscope C-  Three focal sizes Dual
layers) F2: 4 19 arm Inline ultrasound simultaneous localisation
F3:8 48

N/A = not available; ESME = estimated mean square error; ESWL = extracorporeal shock wave lithotripsy.

L]
EI2Z mm: 117 ml.
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