; ?7@3e6N} 3zz{, | (T| p| 6] TN} %+ Description Shockwave or pressure-wave type

t herapeutic apparatus, such as a lithotripter The present invention rel ates
to a shockwave or pressure-wave type therapeutic apparatus, for instance
for perform ng extracorporeal shockwave lithotripsy, whose therapy head is
inter alia equipped with a shockwave source with which it is possible to
destroy a concrenent located in the body of a living bein tless
way. Moreover, e.g. pathological tissue changes in liVingﬁWH"M@k@@ WQEe al
in humans, can also be treated in a non-invasive way. It sone

that when passing through the tissue of |iving beings shockma&%§9produce a
sufficiently known di sadvant ageous result in the formof the fornmation of
bubbl es. Sai d bubbles are created as a direct consequenc

interaction of the shockwave with the coupling I|qU|d or mm&mmr
duration of said bubbles is in general short.

and long-1ife bubbles that intensi rnatlon of bubbles a
subsequent shockwave nmay al so be bbé&ﬁ]hé hi s phenonenon is de5|gnated by
the experts as cavitation in the broadest sense. Cavitation is

di sadvant ageous in two respects, nanely during the destruction of
concrenents, which lasts nuch | onger due to cavitation and is

di sadvant ageous f 2,ch i 57 rev
a A~6 J Z~~p 89 I@boé@ﬁg@@é%ﬁ%&sﬁ% %}a%% eﬁfrée?gﬁéu@egﬁ)?ar\%%found during
research work in this field thasudhas adithétaptedn i n t he shockwave path
increases with the intensity of the shockwave and the frequency with which
t he shockwaves foll ow one another. The absorption of the respectively

Ceduct | DHE STRTE e oreldtFe 15 Phis By bF bikssE R May YpS el ana, ©
to an i asparanss, for ihbanseder Qérff@r%lﬁg@Xtrbb@rp@@éalﬁs”ﬁockwbvé%tr&ithpsw whsse or m of
pai nful tissue inpairnments. These problens were e.g. alread gm nted out in

1998, nterapy head isioteralis equp@@wtﬁea BijoGkave squree wath wihich ivisinassibiel i n
Phys. {VE éiestrBo'yOall corlwlc::)’re %%ca?f in the bngy oP ; IIl\r/‘|tngdbe|ng in a contactless way.

Moreover, e.g. pathological tissue changes in living beings, above all in humans,

" The

can also be treated in a non-invasive way.

It sometimes happens that when passing through the tissue of living beings
shockwaves produce a sufficiently known disadvantageous result in the form of the
formation of bubbles. Said bubbles are created as a direct consequence of the
interaction of the shockwave with the coupling liquid or the tissue. The duration of
said bubbles is in general short. However, cavitation nuclei and long-life bubbles
that intensify the formation of bubbles of a subsequent shockwave may also be
created. This phenomenon is designated by the experts as cavitation in the broadest
sense.

Cavitation is disadvantageous in two respects, namely during the destruction of
concrements, which lasts much longer due to cavitation and is disadvantageous for

the patient for this reason alone.



in UK. Furthernore, it is knowmn froman article by Ryan Paterson et al.,
published in the "JOURNAL OF UROLOGY", Vol. 165, No. 5, Supplenent, June 6,
2001" that the efficiency of stone destruction is associated with
decreasing the pul se frequency in shockwave lithotripsy. Finally, H

W KSELL and A.-C. KINN al ready concludgd in 1995 that with an increasing
shockwave rel ease frequency in lithotripsy the efficiency thereof is

d j { t,of .th L d h
possi br 6 Meyabanifo ASneT ik Gling BeRererrvent DR A8 Bl B e
t her apegel ShRRRALB P4 fHcréfse RN enaTRREAQNLSE the RfocRREVé BnayYee aelquanspans
whi ch enables a physician to work as efficiently as possible with the

above- nwiilh iwdhiehi thehshegkaavies falﬂxpyapaemqtmrhThaeampsmmraoftth\gereagemmts on

t he patient bein snal | ss ct is. esse |aII achi eved
i th st e R ALSs in e B GHion Tk Badisaphiie on baRo ke JesiletlRe: o
an abov?rtﬁ%”ff]éd?ﬂﬁﬂ LBR%‘FP@&E&&@@%’@&H& diide StHRPhLRA, {d%n éﬁ’éééé Al
energy for the shockwave or pressure wave source Is connected to a ~~" ~yec
Uber s~ thesside leffects-on-tHe-pateestty ab@ve3alB Rvthgl foorhexfi pairfol fisdue ihpg@@rments.39 67 57

Fax: 0 8914 39 68 59 ~ \f~~"~//~ 3 control nmeans which controls the
rel ease frequency of the shockwaves or pressure waves, hereinafter only

cal | ed fhesdbfbtfioms 3%rd d4raid ﬁé.nférag?&%%gsnﬁ?%meége.@nh fdalisd

manner nerg ate wth ease requenci es
of the byPeleriiaser @tra:l ‘pub&sh/@dsﬁPhys Med. Biol. 43 (1998) 3113 — 3128. Printed

in UK".

Furthermore, it is known from an article by Ryan Paterson et al., published in the
“*JOURNAL OF UROLOGY”, Vol. 165, No. 5, Supplement, June 6, 2001” that the
efficiency of stone destruction is associated with decreasing the pulse frequency in

shockwave lithotripsy.

Finally, H. WIKSELL and A.-C. KINN already concluded in 1995 that with an
increasing shockwave release frequency in lithotripsy the efficiency thereof is

decreasing.

It is the object of the present invention to avoid, as much as possible, the above-
mentioned drawbacks in shockwave or pressure-wave type therapeutic apparatus of
the above-mentioned kind, and to suggest a means which enables a physician to
work as efficiently as possible with the above-mentioned therapeutic apparatus with

the disadvantageous impacts on the patient being as small as possible.

This object is essentially achieved with the characterizing features of patent claim 1.
The shock generator of an above-mentioned therapeutic apparatus that supplies the

electrical energy for the shockwave or pressure wave source is connected to a
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The further patent clains relate to special designs of the connection of
the control neans of the invention to the shock generator. The energy
applied per tine unit can be fixed to a critical |imt value by coupling
the rel ease frequency with the shockwave energy; this linmt value can not
or nmust not be exceeded. A high pulse 8nergy determ nes the | ow rel ease
frequency, and higher rel ease frequencies can be chosen for |ower pul se
energi es. ,A,coupling between shock generator and control means can be fixed
acoor d ARy e HicR ColiRf e Toleatit o aiorat dnf SBobRva S B a8 gat or v
or optipagés, FAERGEferBhly CicA R CckivAfed! SR a FEHELRA STIHEBURS BepeIeR0t es or
he is only informed that 1n a given case he is leaving the crifical range.

| n pr acinisteh a manoer thatdligher pudse anergiepcoirelate witddowenialedsa freqasncies

Sci entigtg]alsl(@épﬁpeaki nq%, it may be useful to determ ne said critical value
from t ¥ 98- WEVE13N] YIFR VEEA 0d: hal f-1ife period is the period after
which the intensity of the cavitation bubble has decreased to half the
anount. The critical value nay be |lowered in an extrenme case to such an

ext ent Thefurdreri patentad ainmrdietevte espesiat desigineeof she ckmasetorcefithbeantrioéd out .
For controlling the intensi tey of the cavitation bubbles, it is possible -
via a n%‘§§[]?i°ﬁ§‘%€\)’ﬁ8@9né‘?8? shorkoensd@tdrenent of |ight scattering or
absorption, on the cavitation bubbles, to nmeasure the intensity thereof in
t he shockwave field of the coupling liquid or the transm ssion nedi um of

t he shotThaewerdyasplizessert thfe tBituandrefiked & desitiesldimidivagietsy ¢duplingvrst i on
as a reference for the release frequency. It is useful to correlate said
neasur ei@ease Fedeency with e shegkways gnargy ehiselimis yaluenean Reberemughnot be

hal f-1i ri,0 e v ~~\ ~~~o~ | se~ a
el ot reoeTsg A GR phfifeby Selrnbo LR Gutdid Fpauanoy; 2R lighs!

connect tefdadd frequerias Bae bechssendonioder pesed shergivsl A casslimgchativebhe manner
known per se to neasure In vivo the cavitation as to its decrease intensi ty

in the shmakarnasaisaand eonjrol meacsdasbe fixeshapgerding to hardwage, safwaRMwn

by ext r SOPA Bar e e 7 abdofiaby ot Phlofa Taier, Pt Fapddidnéustf ' V' 1Y
ECG t 1 i gagRebamngy préreqlisitel orHeasiorgeinmiffed that FeBghidahsd hem t he ECG

i's processSed for shockwave release also in the control” nmeans as additional
i nf or maleagimgsthelcriticat rangeein prestieE€Ghedridicakbvdlues aes empiricallyclatetrhigedri t i cal

Second. VAHPTasOSttiGally shaas Banes P GRrAds Seterine shE waisd salpdftmee
frequengy éoicé‘l?li ﬁé(l?—‘ﬂfé’[?eﬁc‘!&_rr?ﬂﬁﬁfe%fédﬁs FPH@E@HEU Qffter Wrﬁ&?ﬁw i%_téH%Ytgﬁﬁve
human | 1ves under speciftic circunstances. Description of the figurés The

i nvent i the davitgtiaphbubhld hasdetreianed to hatf lee BrpunésThé-crtical vatue Bayhimw t hr ee

means. SBMETeN b0 GXTRER FRAEHO BT SXERbIE! GErIBRAREHOD po eI Ee

sour Ce'stﬁﬁg(‘afa@'e Q:ahcbé:ﬁf!ed %uf" shockwave source 1 is connected via a shock
/ :

A ( .
gener at or 0 a control neans 3 in which control data to be observed can
be input as limt values above all with respect to the pul se energy and the
rel ease _frequenci es of the shockwaves via an input neans 4. The contr ol

means 3Fef Confeoliing tha intensity Pfithe savitaliaubebhigs this ROSSRIE VIR SEEsHiNgi a an
| 5 - ,
i or ) D68NGe e OB hEBshirhdit G SballifitPorabgtt iy, O t¥aitatBh

limt vedlbiseswolhedsureahe listensippthepeothiavhe shoclkawlsvédtield efixheadedling n
principle, the connection of the control neans 3 to the shock generator 2

may al sWAWE 0AdRS FABAMISRION Mesiurniod the AneCkNAVRe ghaoserie mpasirementy and
the rel 8a86s actortify tPfHeSinbedtion at'a reterdRle For the release frequency.

It is useful to correlate said measurement values also with the half-life period; the

theoretical haif-life period can here serve as a threshold value.
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frequencies of the shockwaves are observed automatically and wll thus have
to be observed by the treating physician by necessity. For reasons of
circuitry the shock generator 2 is additionally connected to the control
means 3 via a trigger unit. A couplinggbellows 8 is positioned between the
patient 7 and the shockwave source 1. Fig. 2 shows a further block diagram
illustrating a possible different integration of the control nmeans 3 of the
i nvention into the surroundings of a shockwave type therapeutic apparatus.
The cavinfild Qhriddhbh #Ss PoRs iR R G588 %HgNréslufih BRFAbURdIIA thdfarPgp! | ng pad
8 and the correspondi ng signals are evaluated in an analyzer 10. This kind
of det etnawr per setd melasdes & vivo taes edvitationhas foaits dédretse lirtensityeimgthe of t he
formatign of the avita.tiog bubbl es i nside the coupling pad 8 between the
shockvvaﬁ(jlé’ Wave Pah. 8- HEIRRY PRIANCAY®@ rel ates with the cavitation bubbl e
formation in the body of patient 7. Additional information can be provided
via the input channel 4 of the control neans 3, e.g. an algorithm as to
how t helt inalgy aksd krowrt triat ghoclewavesietredatedirgd tlae Huhiae bedyemag dffeetiuency i s
to be controlled, For detecti n? t he cavitation bubbles the Iilght scattering
or absdiddiasrAQiviy Oy extigsystobu Tiihis cape thr phogiwaves sipuid bedeleasedin he

f orm of ' : il d al so
be. sui 150G rEi8r S eel i eyt e Wip X0 ot EfFmgectnl C 2 22,
12 and grodesssd for shdckwage rélebbe alsavinttiag icontrdi meahs yasi audititn defgrmétion
patient 7. For this nmeasurenent ultrasound is preferably suited.

Tr ansmi $4cv thah viien the: Befoielgaseciepquancyis abane dos aritiegjaBlaase frrauency,
accomﬂétﬁﬁ’d ral1edse f?é]ﬂjetn% iS ?é@u&%uiﬁ'tﬂgr e.g. every second, third, ... trigger

pulse is ignored so that the desired release frequency is achieved on average.

Such a precautionary measure may save human lives under specific circumstances.

Description of the figures

The invention is graphically explained in the figures. Figs. 1 to 3 show three different
block diagrams for illustrating the connection of the control means according to the

invention to a shock generator of a shockwave source.

According to Fig. 1 a shockwave source 1 is connected via a shock generator 2 to a
control means 3 in which control data to be observed can be input as limit values
above all with respect to the pulse energy and the release frequencies of the
shockwaves via an input means 4. The control means 3 of the invention can thus
indicate to the treating physician via an alarm means 5 connected to the control
means 3, namely by way of alarm signals, such as flash light, audio signals, or the
like, that specific limit values will be reached soon or have already been exceeded.
In principle, the connection of the control means 3 to the shock generator 2 may also

be designed such that the limit values for the pulse energy and the release




~~\~\ ~~~ UWberset!| f |ie~98 gnastr .c SSg27 MJncl~57 te~. 089~ 4~gg56 F~'. O
89 J 4. a 6 The physician nmay here al so be warned via the control neans
3 with the help of alarmneans 5 as soon as he is within critical ranges.
The alarm neans 5 may al so be used for automatically correlating the

rel ease frequency with the pul se energy of the shockwave. /~ Ube~setl| ~~ .
~g~~~. ~ gl821 M43g 6151 ~ ~~'.008914~ 68~ ~~p 7 Patent C ai ns Shockwave

or pressure-wave e eutic hat, r whose
her apy MBS ot HBrenotRy 208 bl oBERRRH amatiRl L ull b R B s e
in thatoﬁd@@vé@agkwwgaﬁﬁgrpmskﬂaroby S CFsﬂréés@naomﬂe&.t@etnersﬁb@k (2) to
a control nmeans (3) wh controls the release frequency of "'the shockwaves
as a f Lgmerawro’zf |Sta¢@|tmnaélg cmmeeggedttbdhe@bnyobmeahaﬁ via@ iggedupiil Re
energies ¢ é@ el ease e b the hockmav

vice verd® ”E p¥e %?Or!frCL Retweer 9@ '98 A B WQ}S‘E)&PHEQ?S
according to claiml1, characterized in that in the control neans (3) the
correl ati on between rel ease frequency and pul se energy of the shockwaves
can be Bigt 2ahowsd fugthes béadk diageanm iitlistnatihg radpessible JiffSieot ktegration of the

pressure-wave type. therapeutic a rat us accor di o cl ai 1 and 2,
char act‘é?r]tﬂ\iﬂ‘q $tHe &%BV?@W'%EEgﬂ?%a‘d@HHQ&BQS pﬁg %WGEW@/M@ s below a
criti CatheYaadéfﬁic aepp%rathg.e so-called half-1ife period.

The cavitation bubbles are here sensed via a detector 9 in the coupling pad 8 and
the corresponding signals are evaluated in an analyzer 10. This kind of determining
control data is based on the fact that the strength of the formation of the cavitation
bubbles inside the coupling pad 8 between the shockwave source 1 and the patient

7 correlates with the cavitation bubble formation in the body of patient 7.

Additional information can be provided via the input channel 4 of the control means
3, e.g. an algorithm, as to how the analyzed cavitation is to be evaluated and the

release frequency is to be controlled.

For detecting the cavitation bubbles the light scattering or absorption can e.g. be
used with the help of a transmitter 11 in the form of a light source and a detector 9.

The use of ultrasound would also be suited therefor.

According to the block diagram in Fig. 3 a transmitter 12 and a detector 13 measure
the cavitation directly in the body of a patient 7. For this measurement ultrasound is
preferably suited. Transmitter 12 and detector (receiver) 13 can advantageously be

accommodated in one and the same housing.




4. Shockwave or pressure-wave type therapeutic apparatus according to
clains 1 to 3, characterized in that the control neans (3) is connected to
an alarm nmeans (5). 5. Shockwave or pressure-wave type therapeutic
apparatus according to one or several of clains 1 to 4, characterized in
that the control neans (3) automaticaléy controls the shock generator (2)
according to a fixed programaccording to the limt values entered for

pul se er and rel ease frequency of t shaockwaves. ~\=\= e~ || herset| ~

P 5o oftS PvgidiogBey Refe olsgichained vistfle THBMRLREERs 3 Wil M Beleld°,°'
~a~  85|8rm Phese8 %8 ébronPéseﬁé"rg@itMﬁV&ith}épﬁhr{dé%F TRE\HiAren AHURMEH Hayafser di ng
to one or several of claine 1 to 5, characterized in that the shockwave

sour ce We uped for atomaticakdy gomelating théezlease frequehey withtthe lputesaererggofand i s
only ogﬁra ivE via said neans as long as said control neans (3) controls
the the 3&%05 ¥8V%i ng to the predeterni ned correspondence curves of rel ease
frequency and pul se energy. 7. Shockwave or pressure-wave type therapeutic
apparatus according to one or several of clains 1 to 6, characterized in
that a detector (9) is arranged in the coupling pad (8) connected to said
shockwave source (1 ), said detector corresponding with a transmtter (11 )
for checking the intensity of the cavitation bubbles in the coupling liquid
or in the transfer nedium and said detector passing on the detected
signals via an analyzer (10) to the control nmeans (3). 8. Shockwave or
pressure-wave type therapeutic apparatus according to claim?7,
characterized in that the transmtter (11 ) is designed as a |ight source
so that light scattering andl or absorption of the cavitation bubbles is
detected by the detector (9) and can be passed on via the analyzer (10) to
the control nmeans (3). 9. Shockwave or pressure-wave type therapeutic
apparatus according to claim8, characterized in that the transmtter (11 )
is designed as an ultrasonic generator, and that the detected signals are
passed on - by analogy to claim8 - to the control neans (3). 10. Shockwave
or pressure-wave type therapeutic apparatus according to one or several of
clains 1 to 7, characterized in that the intensity of the cavitation
bubbl es is detected by neans of a transmitter (12) or a detector (13)
directly ~~~y9~et Ubers Emastr 3 81827 MOnchen Tel .089/4396757 N Fax: 0 89
| 4 3A 68 58 g
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~c' G~~~ 9 in the body of a patient (7) and is passed on via the anal yzer
(10) to the control neans (3). 11. Shockwave or pressure-wave therapeutic
apparatus according to claim 10, characterized in that the transmtter (12)

is designed as an ultrasonic generator. ~~~~~ d~9t e~ UWbers~! s Hel ga
Rebst odc ~~ Emastr. 3 81827 Minchen ,a Tel.089/4396757 ~' Fax: 0 89 / 4 38
68 58 ~~G- 2~~~ . AL?. Ar. A(. A ?. A9. Ae. A Aa. AE\ %&() +27; CKM _aY
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555555663;
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2. Shockwave or pressure-wave type therapeutic apparatus according to claim

1, characterized in that in the control means (3) the correlation between

release frequency and pulse energy of the shockwaves can be set according

to software and/or hardware.

3. Shockwave or pressure-wave type therapeutic apparatus according to claims

1 and 2, characterized in that the release frequency of the shockwaves is

below a critical value, e.g. the so-called half-life period.

4, Shockwave or pressure-wave type therapeutic apparatus according to claims

1 to 3, characterized in that the control means (3) is connected to an alarm

means (5).

5. Shockwave or pressure-wave type therapeutic apparatus according to one or

several of claims 1 to 4, characterized in that the control means (3)

automatically controls the shock generator (2) according to a fixed program
according to the limit values entered for pulse energy and release frequency

of the shockwaves.
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7. Shockwave or pressure-wave type therapeutic apparatus according to one or

several of claims 1 to 6, characterized in that a detector (9) is arranged in the

coupling pad (8) connected to said shockwave source (1), said detector
corresponding with a transmitter (11) for checking the intensity of the
cavitation bubbles in the coupling liquid or in the transfer medium, and said
detector passing on the detected signals via an analyzer (10) to the control

means (3).

8. Shockwave or pressure-wave type therapeutic apparatus according to claim

7, characterized in that the transmitter (11) is designed as a light source so

that light scattering and/or absorption of the cavitation bubbles is detected by
the detector (9) and can be passed on via the analyzer (10) to the control

means (3).

9. Shockwave or pressure-wave type therapeutic apparatus according to claim

8, characterized in that the transmitter (11) is designed as an ultrasonic

generator, and that the detected signals are passed on - by analogy to claim

8 - to the control means (3).

10. Shockwave or pressure-wave type therapeutic apparatus according to one or

several of claims 1 to 7, characterized in that the intensity of the cavitation

bubbles is detected by means of a transmitter (12) or a detector (13) directly
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