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WD 2004/ 067087 PCT/ EP2004/ 000724 APPARATUS OF

ELECTRO STI MULATI ON AND RELATI VE DATA SUPPORT The
WO pwe67io8h rel ates to an apparatus and a met hoRICTDEP2004/000724

el ectro- stinulation and a data support that can be

read by processing 5 neans. On the data support data

are recorded that are required for the operation of

the apparatus and the actuation of the nethod The

aratus and the nethod of electro-stinulatio
HRATYS QRELRE TRASHIMUEARIQN AND RELAIIVE, DAJA BYPBORT

for carrying out 10 bioactive neuro-stinulation and

for nodul ation of cytokines, growh factors and of

enzymatic cellular nmetabolism dinical data show that

nore than half of the popul ati on of western countriei
TRef 3RV I Slifsart QA ARRGtEL USafdd & MedRefc Qfaplectro-
sglﬂhlhlﬁ’@.giresazﬂi f@ﬁdaﬂ@ shepcat dtloyascahabesystdnbylbrocessing

terations of the v lls f td c

IS AT - géré auéae Oa bsyup eo;rlégnga&:tvgfvaé:% o %%':%%de%h%% %Ere required
fart theosplegatdios ofhithe apperabus wuanld t negiatiqns of the
nQfEo@f the nmost frequent causes of obstruction of the

peri pher al arterles and of those_ that affec

TmoeaPG%W%nan@hé Br BehNog0 OAr teéﬁ%sra-éft&&u@a%wn according
toamhkestsrdritselnf are appatlicolialyy sadgnedsi vior aodglrrying out

bféeg%txy%g’/ngﬁggﬁ Eﬁfﬁé@?&p gngatf'o%ntlt‘ct‘od\#&l@{(e?f'p cytokines,

opéan popul ation an
gpevientageows attk ofhepavaetds calLvapy. nFhakophshol ogy

clf'n?@&P”HaBéeghB}(r It@ﬁag,— rﬁ&fem €RaR| heakri s ﬁﬂi@tpopulatlon of
%avey ﬁ e th eﬂlo n%that are._ 25 du t he d
St SOPBRTORST R Dol o EeLaT s FArigo es, and in
pan’gi@pbamyp,athblblgeeswaif@cﬂmlrcg)dthesseehsdiovascular system.
Al FL£10; 819 gpathy) v%l‘grtQQl?@'fQ%?{l@bt@?Ipccur that are

veget atl ve nervous stem (neur opat h er al
CHBESD. Riig SBHGER T aBBENEL pEL P entSichyr Ry er LosClerosis

wiiéh 00e8§e SEPt QIBht @hirbaBesobsernvedrd aPNtHé afektC frequent
C%?%%%: éfg%}63t€\ﬁ V&L of h{:ﬁe n?@lrgeﬁerait arlé ies and of those

greater f ncy“and deterrt of at es
thath@ffeqﬂﬂth%/myhﬂanﬂm@mabodeté%pbaahed reasons, the

AVBSEU 61 PN QR BSre RAUSRS 1T Q'nak&etﬁa%tﬁf&ﬂl%&tl% dggressive
nnrtallt%Frate twice the B nortalit ﬁ rate in

AREnDAPEBELFE BARPER( 4P &HADRERE IRFIGERtS, Who make up about

% of the European population and a similar percentage of the
population in Italy. This pathology is accompanied by long-
term complications that gravely disable the patient that are
due to the degeneration of the larger blood vessels (macro-
angiopathy), of the smaller blood vessels (micro-angiopathy)
and of the ©peripheral and vegetative nervous system
(neuropathy) . Peripheral macro-angiopathy in diabetic patients
produces analogous symptoms to those observed in non-diabetic
patients; however, this manifests itself prematurely, with
greater frequency and deteriorates rather rapidly.

For the above explained reasons, the wvascular pathologies
causes 1in diabetic patients a mortality rate twice the
mortality rate 1in non-diabetic patients, and make 1long
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hospi tal i sati ons necessary, with remarkabl e econom c
wa@pe4/06787T al consequences. Furthernore, in di aPEr/ER2004/000724

patients arteriosclerosis is responsible for a

majority of the anputations of the lower 5 |inbs

(50-70%, which such patients undergo 5 tines nore

frequently than non-di abetic Batients. The occl usion

of small and nmediumcalibre distal arteries bel owthe

knee causes gangrene to devel op. Furthernore,

di abetic patients suffer nore, frequently than .
h%%@#%ﬁ%&ﬁﬁﬁk?%ﬁui%ﬁﬂ%??%?%ncI%&Eﬁcaf?%a{%a?ﬂ?erﬁ???%%éc and
sfﬁfé%fbéﬁ%%?ﬂéﬁtdﬁ.the nmuscl es in the cal ves, the

[ or_the ut eus. ta : regantl; ; ;
Fﬁ?%@%@%ﬁ%ﬁf angndes %Fnggﬁn ?ﬁ%§l | %rature:%%%§%¥§%§Sls e
rpspoustl by fendat hedioritel o§ afte caupstahéans| ¢dd the lower

1Ygssel sd-oR8 ,f opedn ( angdwIenasicht saNdndérgo 5 times more
vasodi |l atation, such, as, for ega | e, ge Fi br obl ast
£ TP OVERE LY AER O PROEYL NG OrBR L CUu h EAtt BPOLRBESS Of small

. aF@i thediwah-d3 oMt Bdetan (EGEpri¥aschiébow Endot héddnes causes

Growm h_ Factor, ( VEGE) | QRoi etyis . To
REGTIR n3§1s?egﬁgggéngﬂ%?ﬁgggg%%Vogg%?%%Fégt&@iﬁgggﬁ% ?uffer
meyeh faeqE@Rtlyantlan i ApactéabaFEectRatiefts t fgom claudicatio

i MASEM A epe i dff Scifchdiv d S alHed 1@ aecltis @alves, the

But the direct injection of VEGF or other angi ogenic
thé@?o?% the I P Str awbacks, which are mainly due to
stbetdnhéés chbhty obcenelpaseetodakkbovheedebhhd debectibdd in the

llE Icggﬁrel %ﬁitt f}z\% éé’(&&’éuc?édtﬂ . \é%%ﬂn@ﬁ%nedcéfls and cause
srfet ivel y 1nvol'ved 1 n neo-angi ogenesl s; ) ,
newrt Heteede, ¥eRSe¥ hod%i s P6t enfPEPEY tolgrgiogenesis)  and

vEXB8LL FBRt SogPNdUehethdly Kannexeimpdle, have gshbweblaat Growth
sS0ED SAIL) MURR.B 25 Eloaly oLl gt | gRgtes Rl Growtn
Fputees (ERF)ng Gasvultdr oEndotBeBias, Gxoktaqguamtonf (BEGF) and
Ah%igﬁgiéﬂiﬁﬂ%?nSity of 0.1V, an increase in the
Tg(%réggég]é%g%@%ggggﬁhobégége%ﬂgu%{ﬁgz angiogenic factors,
such as FGF, can be injected directly into the vascular bed
affected by ischemia and/or occlusion.

But the direct injection of VEGF or other angiogenic factors
has many drawbacks, which are mainly due to the difficulty of
release to all the cells affected. In fact, less than 2% of
the VEGF injected is effectively involved in neo-angiogenesis;
furthermore, the method is potentially toxic.

Experiments conducted by Kanno et al. have shown that when
continuous electrical stimulation was applied for 5 days to
isolated animal muscles by means of pulses having a width of
0.3 ms, a frequency of 50 Hz and an intensity of 0.1 V, an
increase in the production of VEGF was observed and neo-
angiogenesis was promoted through an increase in the number of
capillaries and of the blood flow.
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angi ogenesi s was pronoted through an increase in the

nunber of capillaries and of the blood flow WO
wQoe4nNem30n87 PCT/ EP2004/ 000724 3 Al t hough sai PICT/EP2004/000724

experinments seemto suggest that electric stimulation

of the nuscles has beneficial effects on the

circulation they do not teach how to apply electric

stinulation to humans. 5 In addition, they require

treatnment |asting several days, which could cause the

pati ent disconfort because of its excessive Iength

f %thernnre is knho to use Iﬁfer transq% rdla
AlLEhauehy a?‘f”s%t |%’fP%”’il e 3% p n&lectric
stimslatiDonletes nthes musches edsess | behkdEicdadl| eff@EﬁF on the
ca n1 d i he thel iumcel | .
ol Deh e U C el BB, oo " pERER gy S p BBy etectric
sEs@uh@t%pmzt¢qﬂymfn3} Med. 2000; 342, 626- 33)

THOWRYET t 1 drfS el hbansayerad ditdle aftimeasCul ast Ak osbvéraam days,
hE¥a3|ve Chnl%&é %Eat ac |ev slimte res%$ £t
B300% PoeBa4nH B ec?”r%c%‘f‘ ALt at ‘?ﬁ?“se oL 1ts

eﬁeassevéo&engﬁha controll ed production of anglogenlc

F%égﬁé tor§t ngoqgﬂnﬁp'QH)deﬁég gggekevﬁr smyocardial

e increased In vitro b
réﬁﬁw%@nﬂsﬁtw r BO striefiycst i 6ie |a§w ngauged é?a}ét aggina; this

d?@éfl?ln@? éri@v\@fq@fea@é/egn ltﬂhé hisveasef kafG@‘ ﬁgtr it0dS nlfocardium
rreat ne ar e I Lre se Si I.can

b ot bPe OB R et VD B3 G809 S 0saad gfrterioles
(Bppar aiusWobf PLeabsogdenschl) al, Engusdul deder 2000; 342, 626-
35?”‘1%%%'%& hPé&@ﬁ e%rQ}isﬁéeér&iaM\h'ﬁ% 8k 'r%‘_%at%ny is an

pul ses havi ng, a from 1 s and an intensit
1Q§a¥%YﬁhﬁfﬁﬁQ%ﬂW9TFQ$&|§§héﬁﬁpﬁe&lﬁét?ﬁerﬁﬁ?#%ﬁt. I n
U$ hi2) 08A0,0 1813 921 Nl easihd N hheeﬂM£mhﬂd4Sﬁ1mﬁ1aVEGE Céddwvice for

RS oggﬁkﬂgﬁle&”tBr3§89g58¥e”BFV3%88k' g'O”gQQch factors,

neo- angi ogene ect on
thn@u@lvewtlhéhc&ﬁqueontm lpzel ertfs ‘éwlécpéﬁ e increased in

vYesé& uﬂ)9r 3024 d_i‘%ﬂ %&ﬁih aEWh ) e R R GHhAL tebn lasting
agl g§g£08 EgdﬁgFS sutfering fromsaid

However, even 1in this case, long periods of treatment are
required that cause significant discomfort to the patient.

WO 02/09809 discloses an apparatus for treating vascular,
muscular or tendinous pathologies by means of which a series
of pulses having a width from 10 to 40 pus and an intensity
from 100 to 170 pA is applied to the patient. In this way, an
increase in the production of VEGF can be obtained, with
consequent vasodilatation and neo-anglogenesis.

An object of the invention is to improve the condition of
patients affected by wascular pathologies, and more in
particular of diabetic patients suffering from said
pathologies.

A further object of the invention is to stimulate the
production of large quantities of substances that promote the
formation of new blood vessels and the dilatation of existing



10

15

20

25

30

pat hol ogi es. A further object of the inventionis to
stinmulate the production of |arge quantities of
W@ aiwsem8es that pronote the formation of new®@i/8Pm04/000724
vessels and the dilatation of existing WO 2004/ 067087
PCT/ EP2004/ 000724 4 ones, in particular VEG-, wth
relatively short treatnent tine, i.e. wthout
subjecting the patient to exhéustlng t r eat ment
| asting several hours. In particular, it is desired to
i nduce production of VEGF or 5 of other gromﬁh
factors in quant tles t hat are.substanti at
Rt (RosE2LbLarheh B Tsand eh t RELappus bY L1t Ereatment
tigscribad. | WBAR 098G edting f ithst aspreentof tbheexhausting
&¥§ eéé”hagégﬁﬁ?Sé%eQ LqQvihdedsan el ectro-stinulation
) electrlc pul se 10 generating
Imreaﬂlstawhwgedltolgeﬁélsaffédpd'-losésn% R Peatelon, F1e¥EGE or

oBf oEMEkC@roR@ha'ﬁ%ﬁs qgﬁ'dthﬂgtw ahianged tszstant:Lally
a_sequence of sal s to_an_organis

oS o et R ST R SAEFHT al Dpul BeSaRq 8Fr ; e ® " aBparatus

destsioed hiar atd @2/9880%.n that, it further conprises

Ty a% QQtnEaa%%ﬁ%”gfg%et Olﬁgeﬁ’éigﬂr mt"’hecrlébslgntﬁr%vn.ded an

vari ation of east one typical paraneter at a
eheriere - Yorpriafd@met RPRISEUE /i ni GOAPTHHLSE angleskirdc-pulse

éﬂlé‘fﬂ\it S@eahB %ﬁlﬂﬁf&é& aﬁﬁe%eﬁréﬁéﬂ baveaki Q’ﬂav1ng preset
ere i rOVqu ggﬁ %]ectro stlnulatlngd n 1
V% ‘é%%l%]ﬁq m r&énealpgt g %a "SEGTefEE 26T t° PP
aeISBmLIermqouloiessaadi rrgﬂmmettovaauesoogamymcalSald sequence
&ﬁﬁdffgr‘?%a?nsﬁhgt_sﬁﬂu%ﬁ(i%gf%'a?' BYn&N bRhkkal crRvhe@erised

ying sald sequence to said
Lor gdwitsm Lbhob e S BATPRLFRAL  Vahal IgineRaRRAg atranged o
pEPAPFh Ses  sxiateriabl ywanytmgnatof east drendtypiomal typical

araneter at_a 25 [ t Is
oPEETE o o DA DT SR A 1808 AR iar pupse and
S@idtfmmalnﬂuﬁsqwn there is prOV|ded a support
rheadabbechy daladY 06eSYH WBABE:i6ANt AHUMY 8s provided a

method of electro-stimulating an organism, comprising

generating a sequence of electric pulses having preset values
of typical parameters, said sequence comprising an initial
pulse and a final pulse, and applying said sequence to said
organism, characterised in that, said generating comprises
considerably wvarying at least one typical parameter at a
moment comprised between said initial pulse and said final
pulse.

In a third aspect of the invention, there 1is provided a
support readable by data processing means, containing a
plurality of data with preset values of typical parameters,
said data being intended to originate a sequence of electric
pulses to be applied to an organism by means of electro-
stimulation techniques, said sequence comprising an initial
pulse and a final pulse, characterised in that, a substantial

variation of at least one typical parameter is provided in
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plurality of data with preset val ues of typical
paraneters, 30 said data being intended to originate a
wa@egueosoe7 of el ectric pulses to be applied toPENEP2004/000724
organi sm by nmeans of electro- stinulation techniques,
sai d sequence conprising an initial pulse and a final
pul se, characterised in that, a substantial variation
of at |east one typical paramBter is provided in WO
2004/ 067087 PCT/ EP2004/ 000724 5 said sequence at a
nonment conprised between said initial pulse and said
final pulse. In one enbodi nent, the paraneter that |
salshsTBIIslSy Afad dPrend tcﬁ’é‘Pﬁlé&éeHEgWSPnt ﬁélSquéEla% pulse
ard saifdirtimen eobedi.ment, the paraneter that is
on | d ri u I ease | :
ﬁ S#ﬁgh¥%e%?éa%ﬂe gg%a%%%%r tg%ﬁ%é$§oFbﬁ%%%§¥%ﬁk¥ varied
lS&ihﬁlﬂr3ﬁ§§QQYb@d ichedpuabesbel ow, experinental data

Thaye Fishews thdlo Mt ochdephPYRBEEEN td is considerably
artlcularlgy owing to 10 the,substantial variation
ey 2

e§né& BFCrRBSEypRchFS piiiRters in the
Tmﬁqmamfe elaacbei ofpahsesdertof&n@@siStM@ to obtain

X'cﬁ‘@ fiesd n t@@ dg%n Wreéx%éPl @r‘fﬁéi’aga@% have

€ vesse e néuror ors
sh@frea‘sl@a@f Oy BUL Hof af'ehebr snthlr@nf arltihé?afﬁirlénﬂ@sré-umlcéﬂlng to

th® Lkapebhatnaan WYiatifd apeBheryngf fiact oaad 4o the typical
i nhi hit the oklnesthat C sethelnilamm

PHARRYSFS e § e%?%%ceen%%l% S I R Bt of Lt h%as possible

tcsrr&bbtamaurdogr@bdxmg‘ erefifedt braas tmel bwtsete fibres, an
it h t ta.b b '

gl ARl o TpE xREsRAS SRl 80 EnaPhBl P8 epeptors and

atﬁélﬁésgu@it an‘P"&ch vAPFAPFBN dft alﬁyﬁuéf&heﬁﬁlpéﬁetﬂﬁsmble to

oﬁﬁéﬂn(KéhwSahﬂlaﬂnfﬁémM§ﬁoiﬁStéﬂf@@ﬁouénﬂﬁnﬂﬁf idhi®it the
o0.l.on geessar gjoect t he len

Uiy nttk}aast(f"ﬂbs se‘@%‘? afn tl%%cau%%a];l%’esgh%nlgyentlon
ermmyesa fevmnliahitces ehathesssall nenpeboehent saffepent fibres

arfPssimed. 1%§erHEEH%ﬁnQE€h EH@ 1@4}@8%%3?5%3@@ KA ined.
|ied transcutaneous|y usi ng.a technique

Aqhg e gopgt effects that have® be noted are 1Th%e8 o the

substantlal variation of a typical parameter that occurs in an

almost instantaneous manner, it is no longer necessary to

subject the patient to treatment lasting several hours,

because a session of only a few minutes enables said

improvements to be observed.

Furthermore, the electric pulses can be applied

transcutaneously, 1.e. by using a technique that is not

invasive and does not cause to the patient particular

discomfort.

In order that the invention may be clearly and completely

disclosed; reference will now be made, by way of examples that

do not limit the scope of the invention, to the accompanying

drawings, in which:

Figure 1 is a table disclosing the sub-phases of a stimulation

sequence with relaxing effect;
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i nvasive and does not cause to the patient particular

di sconfort. In order that the invention nmay be clearly
ware4o6m0pt et el y 30 di sclosed, reference will|l POWER®04/000724

made, by way of exanples that do not limt the scope

of the invention, to the acconpanying drawi ngs, in

which: Figure 1 is a table disclosing the sub-phases

of a stinmulation sequence wi®h relaxing effect; WO

2004/ 067087 PCT/ EP2004/ 000724 6 Figure 2 is a table

di scl osi ng the sub-phases of a stinulation sequence

with anti-inflammatory effect; Figure 3 is a table_, .
Figiugsl @silg 3 hebdghpradesing et PHArBRRSAS eéqﬁeﬁ‘“&emulamn
se %nggiﬁﬁahlagtih@nﬂlfﬁ@ﬁtéﬁyl@ifé@tsysten1 5 Figure 4

Shows e variation.of .the_q tiopal eLS_ ;
FigRnG e S dqUc 8 PEIOAEP BV P ng b nEnEoCE BE a stimulation
squenee Ifoul atolyasysyehie shbowodhr FiiakerB; sy gie 5
F%ﬁltr_ae t?bls%oq\issc’!:}‘?ec" g riheibgvels eheVEFefAUNhdIN parameters

atients subjected to electro-stinulation treat t

durdawr dihey setirenget KoL AFEAVRGANIFLGE! B‘lérgﬁ&ﬁguﬁgory system
SHqﬁd“%h ?ﬁgvggf3detecteﬁ duri ng experi nment al

Stinu i,on O i st.a Qn f e .1 Figur .
F1oYos &Stéilt%?ﬂii8&?858?5&395%% éhgﬁ%ﬁg ?Ee%EEF found in
patieritrasasofcitdte §6 reiepbre-of inulabiorukbeaseetar according
t%“%ﬁ%H@Wﬁﬁ%ﬁﬁwuence of the hypotonic nuscle; Figure

. ws the sub-phases of the second part of .a .
Figfiferfc &haWfe Hie SBLF&St 08f VRRTFCRSITS CSRBwA AP fi Gipgrimental
s B Ak HRPAIE WS dietael eeheoest thal Aégon conpri ses one

or nor. enerators.of el ectr] ul ses that can be
F%ﬁﬁﬁ%(ﬂI%ﬁ%wﬁyaadeﬁélgoﬁ rgg&ggéigé provided with a
Figwreoprbcedsors e conbrohagesi cefcaihrodfiaeé tRart of a

n%%ﬁ?%ﬁ%§3¥?£QAﬁ%§HE%iﬂhdgaqaaﬂ?@rofhﬁheiEWﬁ%Ebﬁﬁb(ﬁuscle;
LSl S e 362 56T GL0G,00 BEOSEL, SRR SBurt of &
sépidri@d nethdaiowty plaues ofhahicbuld chose tonfigerd ch.

Aﬁﬁ Jﬂggratus for electro-stimulation comprises one or more
generators of electric pulses that can be controlled by a
control device provided with a microprocessor. The control
device can modulate the frequency and/or the width and/or the
intensity of the electric pulses according to preset
sequences. The electric pulses can be sub-threshold, i.e.
maintained below values that could cause contraction of the
muscle or a sensation of pain in the patient.

The apparatus further comprises applying means for applying
the electric pulses to an organism, for example a human or a
laboratory animal. The applying means may comprise electrodes
provided with a highly conductive surface that are positioned
directly on the skin of the patient to transcutaneously
transmit the pulses.

The parameters that distinguish the pulses are defined on the
basis of the rheobasis and/or of the chronaxy of the

stimulated neuro-muscular tissue, or in general on the basis
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25 nmuscle or a sensation of pain in the patient. The
apparatus further conprises applying neans for
wappkpsTeg7 the electric pulses to an organi smPEDEP2004/000724

exanpl e a human or a |aboratory animal. The applying
means nmay conprise electrodes provided with a highly
conductive surface that are pgsitioned 30 directly on

the skin of the patient to transcutaneously transmt

t he pul ses. The paranmeters that distinguish the pul ses
are defined on the basis of the rheobasis and/or of

o e e el s the, el geie Tiset o, i S hiniaun
c@ffaﬁpzanﬁé}mm ﬂecpil:iehﬂe bior eexctiton. &hebbasus, i swhereas
cﬂfgrﬁapgﬁ dJ.saScl'Ieh%\fH u%“ @ur%"ﬁr %ﬁntth'a@t %g_SI tl)écrc%q&’:' h}ﬁ?séohaving

Ssue, ronax
twigeat Fom maqmahty @Et ithe me%aﬁa@ ﬁglstt \A}aéee tHe generate a
st Ensditan of the rheoba5|s nmust have to generate a 5

stlnulatlon on is.,defned the
B R Bt Aol Ly PP Baob BF hamopiahopn| detween a
tfgmﬂﬂﬁgaddgﬁhm@ aﬂg&pmﬁiddmpulsﬁIawdngh@ulsedlmgeedgaeof the
£ f&mﬁ%{ﬁ&uis‘?@“&o@ Ui ATl L ARIEPELihé SaVEi1ab1e
ore 1icafion of t ol 1 owin

ta/api Anasetme h%S‘F% bPefeRer idise ﬁplawa@gl%r&rﬁge@q ofollowing
pYBHy. the typical parameters of the applied pul ses,

the f d/
VBl e freuency. adlor.Ue A AR RS, vary tne
tyylcadle mpparetars ofS thec ardiligdt putllsesi nvneneilynthavéraquency

%ﬁfgf‘%ﬁénﬂihf%pa%g/%raﬁﬁealnﬁéﬁgﬂggcy from0.1 Hz to 1
elr voltage_ is ahove 5 V and nmay vary

IR 05 36675C FAPRISBEBRA SHEoRINSRS, GRS Ohabhe sapbaratus
addsitdi hetveerhd aieen s haavd raaquteim’ry frem 0. doH20ts and a

100 rg& k Ita e V. t bLr
e ko n. B3 A
V 4nd mashérafrryeqmert@y3\0§r|\7es from0.1 Hz to 100 Hz and
1P€2Ksecond embodiment, the pulses have a width between 1 and

49 us, a frequency from 0.1 Hz to 100 Hz and a peak voltage up
to 200 V.

In a third embodiment, the width of the pulses wvaries from 1
to 40 ps, the frequency varies from 0.1 Hz to 100 Hz and peak
voltage reaches a maximum of 300 V. '
The electro-stimulation apparatus is configured in such a way
as to apply a sequence of stimuli comprising a preset
succession of sub-sequences. Each sub-sequence is the result
of the modulation of freguency, width and intensity according
to a protocol that depends on the biochemical effect that is
desired to have on the cells and on the tissues.

For example, to obtain a relaxing effect on the muscular
fibres, a sequence of sub-threshold pulses is applied which
stimulates the muscle with a gradually increasing frequency,
until a condition of tetany is reached in which the muscle
reaches a spasm situation. Frequency is thereafter sharply



10

15

20

25

30

vol t age reaches a maxi num of 300 V. The

el ectro-stinulation apparatus is configured in such a
wWO004/08H878s to apply a sequence of stinuli conpeT/BPI9g4/600724

preset succession of sub-sequences. Each sub-sequence

iIs the result of the nodul ation of frequency, w dth

and intensity according to a protocol that depends on

the biochemical effect that i§ desired to have on the

cells and on the tissues. 30 For exanple, to obtain a

rel axing effect on the nuscular fibres, a sequence of

sub-threshol d pul ses is applied which stlnulates

redaesd WPt Hhe gradifl PY ihcHéasiShg 3% eﬁ@ech‘SFateun?l fcrgumatlc
evontli dndreafsd efuaseyliay freaalxadmn whi ch the nuscle

reaches spasm sityation eq th
ORF IS 2004, B8 7037 PEITESS % 05808 B cxiiEp ¢ & 209
comer Ve 2162 bf sub-tpha s aes:qqrd@m@att@ &her dpddidadedepampmeters.

1RNdheays e sAUSEULahakel a)ﬁaﬁtl's@n tr@'i%se)%fi*@| @er@l‘f "é@' ghe patient
sequence I's shown_in %ure and

feppephkides 1atesvVaingardiohé oz ﬁ % P%F%ndss In this
pépiddle thesErsghepbpshaspul salleaiors @te p@metper heecond (1

H%gttlc)%%; fﬁul%e]tk'lgslﬁ f%gvﬂbﬁﬁa%%ngg:ﬁg%&% 881182 2Bur%ng the
S@Q@nqbuISsJ@-pélaS%conlféfl llab?)ts e@cfﬁﬁﬂﬂ@@:haﬁhﬁg ]E?illse trains

aﬁS‘ﬂ;ﬁleﬁgfstng:VI;ﬁ g%&f:gf?&s‘dgav@g%:’]:}giﬂg@ fﬁ&lg@é]ﬁcy of 1 Hz, and
, ul se S
CAPRIPEIRS B JHT oA 2D B SR c et TFefipency of

thadpuksedh q;ml&a:th&mka—piwﬁ iign mfem(gmohrads@comdxeafhd until
e h f -

chE QBTN 14180 ULIERG!, PRCUnILh, DHBSHAuLED reaches <

Vabla%heﬁ 29n Hghiwdrrht 1fe Hulsfuonkdth eaEhe8 Bicyapgecp@is pgln the

fstl_zlleleSWiﬂilga M%aﬁééﬂt hthwérélo mcrezgeeagen | Betheadd in the
(0] oW ng u er a U e ecrease in_h

rromotar bt B BRlr sae Thhtane e8Py  ghr 83RGx! Byt Ronitude
fregnlbude o dm 29, Hantio ih Hhe apdlsan whéthul sbiwhddecreases
f%cfaod%ﬁigééeécor{asomo 18 Cfr@é?@g@gén&@ 1(After this sudden

m croseconds. After this sudde decr ease,
dereepetcy ta%d TRRIPEASE WGt h thee thléreeagfée Eo fai frcreased
abfif ghaduairadmanemanudtd, | untdy rigech weddinad fahak oblue of

respectively 39 Hz and 40 microseconds.

Experimental results have shown that the sudden decrease in
the pulse frequency applied to the muscle allows the muscle to
relax. To reinforce the positive effects of the decrease in
frequency, it is possible to repeat the sequence in Figure 1
several times, in which case the frequency discontinuity
occurs a greater number of times.

On the other hand, in order to obtain an effective action on
the blood vessels and an anti-inflammatory effect, substances
have to be released such as the growth factors promoting
neocangiogenesis and producing cytokines, that are able to
produce an anti-inflammatory effect. At the same time, the
formation of other cytokines such as TNF-o, interleukin-6,
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respectively 39 Hz and 40 m croseconds. Experi nental
results have shown that the sudden decrease in the
w@iogecfosequency applied to the rmuscl e all ows PEEEP2004/000724
muscle to relax. To reinforce the positive effects of
the decrease in 25 frequency, it is possible to repeat
the sequence in Figure 1 several tines, in which case
the frequency discontinuity Bcecurs a greater nunber
of tinmes. On the other hand, in order to obtain an
effective action on the blood vessels and an
anti-inflanmatory effect, substances 30 have to _be
inteinfesedesachand tIRTigrsiteh f 4B86r s2 PR orkRATRRPS LD bie for the

1ﬂ%§%ﬁg%gg&?2%%b%eapﬂa§r?ﬁuﬁéngnﬁyﬁﬂké@es that are able
uce an anti-i nfl.ammato t
7 | RERCEnE O 197 madiion Br Bt or SEYPOKF RGBS O ab SEUE for an
eﬁﬁgﬁéiify yntiesre ukinte 6and\Ov2004£06R0G7A nal release of energy,
EP2004/ 0O n f n |l g tihat
QQfﬁ%%%d%élgﬁzg For the%iﬁl? ghﬁ%?o?ggs?gF%bﬁﬁasﬂnﬁEECh the
friemidnicyedis| rapidey theRPaIRSE WEhduttha i BEAYLFRY Vﬁiue is

rddGRUE f@ﬂil@nvaﬁﬁée%lr‘iélsy dardine emndthet Budbstance to be
narglnal rel ease of E}ﬁxﬁﬁ?s sequences of pulses are

rednaTest 1H§QQ$§eﬁaPFeﬁP th the frequency is
ThHapiabentowcr easekls uhhat the redguitrédalalfiielids applied by the

fte@%’be Mlsa g.%lnuea fe ACLPELing L0 dheg subst aﬂ@ﬁratlons

ease uc or Lnhibited. The t
by hphk%etﬁaﬂafhéa@‘é%tFP@aFiePPéPHlEBEEPEdOE tlthf%\e/eé]el s and of

1684 %éi&@lé%'@&ék@n\fﬂ@ﬁﬁmm ﬁﬁ@@sﬁ@SréSSEﬂi]ﬁ@S obndltions in

Vi brati s by r| t| | .
518? §’chré,1 ?fg % ﬁD % a&%bc &\C/}i‘%é;a , and in
parmhmmimﬁsnnaﬁ@e eehd$trwﬂﬁp¢¢ﬁ @@btéﬁraéﬂQthlb$mtﬁ%llsr of

tl?%l }nﬁsgieé he,g0RRECHYRIEI SE ofNEhé nep@@éimi}y} afot nexample
e sub-structures of the en othellu el

thmectalkl _GrBREnger i LARBORE e bR S o tiudfogical

m&%@&ﬁﬂés t be ceddmpimdwsane, Th1$ochmm$esa seit bfi¢ heenzymes,
lénm oglggé g?!n%ﬁfl e agrco‘fgnplt%xesb Thi“él&@é’ect?s 1nto the
Pttt enzyme I'nes and gr mf% factors to %)

m’eelea’@e@ahtﬂpatch?@ Akt SPSEPEPAP éageeghsnalifﬁ%}%?w% Lood.

D& iy 6hr eHbaliiRgekb@@dmodel of resonance induced in the
cellular sub-structures, a release or transcription of
different molecules is obtained. Therefore, by appropriately
varying the frequency of the pulses applied, it is possible to
reach the typical resonance frequency corresponding to the
type of molecule that one wishes to release or inhibit.

One example of a sequence of pulses to apply in order to
obtain an anti-inflammatory effect, operating according to the
mechanism above-described, is set out in Figure 2.

If it is rather desired to activate the microcirculatory
system, a sequence of the type shown in Figure 3 can be
applied. The variations of the typical parameters of the pulse
for this latter sequence are shown in Figure 4.

As can be noted, the sequence shown in Figure 3 comprises an
initial sub-sequence that is substantially analogous to the
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20 Depending on the different nodel of resonance

i nduced in the cellular sub-structures, a release or
wo e@aseToBpt i on of different nol ecul es i s obt aP€EEP2004/000724

Therefore, by appropriately varying the frequency of

the pul ses applied, it is possible to reach the

typi cal resonance frequency corresponding to the 25

type of nolecule that one wi shs to rel ease or

inhibit. One exanple of a sequence of pulses to apply

in order to obtain an anti-inflammtory effect,

operating according to the nechani sm above- descrlbed
instiat parti AfFEhar seguepee; Showny dhFlHes red@ed that aims

t@?&ﬁa@i@ éh@emﬁ |éilf;ﬂdcﬂi Oraubs%@fyﬁﬂ@m d@r‘i@.quenbephase 13
e shown Jn ure n .be i g

tRar |f§teFIBﬁ Bt the® ]!f‘?f)ﬁ)jc\gl rsg}zg tefS & ﬁgltoﬁ’e g seg forfiz and

stibssqleitey Seoueamsd ane showh Ha. FRfuee 4hips the Bgequency

QOtl% tES ngf@n%éh%w‘févp Ble@Whas3 £ONMYIRES 88 cause an

Il sequence t I's substantially analogoug
ef@ecﬁmvemvaeena%mmopcwlaszbbzsv@ocwféelfe ii&frq| from sub-

19@5& 98, tBﬁeS@alﬁly@é‘(l@fShl?é\/nfré%ﬁg@uyeli andreébsédabysl0 Hz at
in a relaxin ect ubseqyent ur

e%ﬁ% ﬁﬁgsghi§e’tﬁgtﬁge3&§uﬁf% gr%ﬁyf#%du%e e?gh?ﬂ around

wiatuevaflué HA anals Qabsecﬁmﬂlwanﬁ@rléafseftswlt@@ Hghat the

gFLLELsi N Serbbecf reguengycp i g skepipconsdant §8iga #@Wquency
seconds in order to cause an effective vaso- a%tlon on

repBORRRbY FRARBIE Prdhe eSAPERGE SRESECESY PheVVaEN e
I@foka@rfteqabﬁéynianieeéﬁaaedhby 18vklz af veaehin the blood,

ub- phase til the e [ rQyn
G RO THoThst b boet 1 Tn R 15 o] (oeg ot Eimes
deapat the 10 great est release of VEGF |s obt ai ned. Sai d

?r§QB@QE¥ngr%Héogﬁﬁbys%@ﬁ@ﬁcéosaeekaﬁ %@ﬁ@ﬁaﬁﬁesucce531on, a
requenc VEG- I}_ er to optain n even_hi

ShEREES bRY VEERSFALENG HEGGd, “2% hEDSeRUERCe LRAMHC N nds it was
skeguthaB che bbtaépedtedSBEVewaB preesea tbHay. th Bym of the

SQ?@% ntgne}ibe c%%'f[% nggfggfl eV aI x#:e'&%%d' nby applying two
e was

successi on, fg erg fect
sepsenges 1m¢@@¢ﬂﬁﬁmd§ iaf Rash ©468rt-hat the obt ai ned

Tﬁ§§UEEeM@St6r5ét§ﬁeth@nthées&dﬂbﬁfr@@@ctlon in the frequency
of the pulses applied, 1i.e. the sharp transition from a
relatively high frequency value to the initial wvalue of 1 Hz,
which introduces a discontinuity in the applied pulses. This
results in a significant energy variation. By repeating the
sub-sequence several times, an effect analogous to the so-
called “water hammer” occurring in hydraulics takes place, by
means of which the stimulation Dby sub-threshold electric
pulses enables weak chemical bonds to be broken and large
quantities of the desired molecules to Dbe released or
transformed, without inducing a significant transfer of energy
to the tissue.

In one embodiment, the wvariation in the applied frequency is
greater than 20 Hz. In another embodiment, the wvariation in
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results that could logically be expected by applying
two sequences independently of each other. 20 This
W@ e@a®61087 be due to the sudden reduction in theCT/EP2004/000724
frequency of the pulses applied, i.e. the sharp
transition froma relatively high frequency value to
the initial value of 1 Hz, which introduces a
di scontinuity in the appl i edlpul ses. This results in
a significant energy variation. By repeating the 25
sub-sequence several tines, an effect anal ogous to the
so- called "water hammer"" occurring in hydraulics
thealegw lglesc ef réguengand sof 9%GA T t FBast i4ful Bef odpya Further

H%HQlﬁlQﬁﬁshé)&&l e&ae_@ltarﬂlcon pdsee enables waah ebenkcal
onds to br oken and % uantities,o
ThgedeEs HOFEBUAGES: GRS PERaas I b SBSE FATRF B edtested BY

stWnthebing ndutiongra 1dimpnidi caht dialbesier pefients gyoft 80 non-
dlgE%FEES%#%lengso%%dgqudi@eﬂgalﬁﬂﬁ %gﬁ;%E%Qndh%s%h%ehav1our

requency 1s greater I'n anot
waenbbdenvad, fohe ceatirali SHTPASHD- 20D8/ Puisg? were applied to

thgcgéEE%QQfléP?c%?@f‘a%l ]félar_tth%iﬂmﬂé %gfrequenﬁy is greater
a further uc r
ThﬁaﬁtB@uﬁ?Eé?%rs?ﬂ%%n%% ?Epf¥ﬁg dggl %ﬁ%ﬁﬁguéls taking
paprthFBESenpSrEMpﬁtluenpai$thbn¢edomgecumlvnnth1ﬁfQQenceS
ower,_ | i f 5 -
sl AR Gl LB 0! 101100 Sy o oo
seqehaveéupfmagtbﬁ@’é%%dmfo?h%orﬁ%fﬁm%m%% Y Fhestem, in the
maﬁHE%eaegﬁfﬁbé@pbb@Get05tiﬁ&&iﬁi¢¢*ﬁ&@]tmbﬁﬁéﬁtéﬁuappﬁled for

t | at d
o IS S0 LA oD pealoneearbLied g, oLl 108 1 ana
withoaconsstabt veubsd-widjtle e st0 mcaqom@d:qn@ls»obt ai ni ng

B1URC UL 1E§|?§@h Qe @@sE%WEQ @ﬁﬂ@ﬂld%&%ns%%%%n%%idﬁ of the
activatifon o m cr oci rcul at or ste in.the

indanhdradesérkbed RBSEVe 1nSHhRuISHR t opiere taken
frappldned kfﬁchlailpesfe:aﬂ) of 0 18ndi Butreisete sa mamtlmulatlon,

”edq“e cy of 100 ,Hz gd%r Wit az&ogiha”zfo pfd%ﬁ&téé‘é dtRyer the
00

0
40 Fﬁseconéé npl es fromthe systemc
be@lmuhet iagh sietreulaikion of Thae relsrhldrlt\ﬂ Rkt ast ek ﬁ@e p&hevn in

Flb@rgge5§xgeghgemg (sanpl es were taken

In particular, Figure 5 shows the average VEGF values measured
in the blood samples taken from the different patients at the
times indicated. The values at -10 and -5 minutes refer to the
period preceding stimulation, the values at 0, 1 and 2 minutes
were recorded during the sub-sequences of muscular relaxation,
the wvalues at 3, 4, 5 and 7 minutes were recorded during the
sub-sequences of activation of the microcirculatory system.
The values at 10, 20 and 40 minutes were recorded during the
final sub-sequence at a constant frequency and width. The
recorded VEGF pattern is set out graphically in Figures 6 and
7. '

As can be noted, at the end of every sub-sequence a sudden
increase in the measured VEGF values occurred. The healthy
subjects showed increases in VEGF that weré up to 5 times
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fromthe brachial vein) 10 and 5 m nutes before
stimulation, and O, 1, 2, 3, 4, 5, 7, 10, 20 and 40

worRowmemsaft er the beginning of stinmulation. FGEEP2004/000724

results obtained are shown in 20 Figures 5, 6 and 7.

In particular, Figure 5 shows the average VEGF val ues
nmeasured in the blood sanples taken fromthe

different patients at the times indicated. The val ues

at -10 and -5 mnutes refer to the period preceding
stinmulation, the values at 0, 1 and 2 mnutes 25 were
recorded _during the sub-sequences_of nuscul ar

GRASLER | DAY tHE1PalRASS Y2 Hicu, WBCRARS 1 riteketic patients
Wier e VESEOrdelheluinagetbed siyp- s@qUEBCES @fimaet iM&td ORhan the

g rocircul atory system The values at 10, 20
%{nl(#l%gl %aﬁu%es were recorded during the final

Bubwaeqilisnteeamore cpasednthite dufenele cirich vi wimu 1 aftieon3vas  not
'E%S?L rél'ﬁdanEﬁ: :P@Sfﬁ idife SRAnMUH, OFEPNi &84 | Yot Nincrease. This
ures

and can be noted at_the end of every
‘@ﬁ% g%ﬁﬂén&% kheuddst Bhi%astti WhtRR FB&s fiefiugnGy and the
wialtitesoHceher el sEbe weaal tihypt Sdbns’eaﬁt shadedn both diabetic

é%%f%%%?W F%E%B%ﬁ%%ﬁ}p tIIJZe gt ea\g%;'r:‘F V%w) g hetq decrease

IeidErnigidudo Wher basei Hadinapevithpatl@minutdr. VEGF
O@W%Heﬁ‘ﬁrt@iég%{illﬁﬁll\éﬁlbﬁ %rtetlﬁ%ﬁcgoﬂlgst Q?Erbﬁﬁlately modified

gniti val ue. It ma further e not ed
st L rERat | ah s Mok Bhe PYRfch] "heonance frequency
C&ﬁortrhqorqedll@ rdate proviEGE WEGFpotndntheassuddbhby WasSreased to

é{jé% Sttﬁjé%#aQEE Q%ﬁ% 'aﬂ %ESEt&OS gﬁgqggﬂg%s{?&% increase

u ses wer e cons
%tﬁh%ll aBevite Wﬁ%t SCEWEL ¢ Fr néﬁr@uabeta cnpghpehs® that in

AzEainentatbdar sdecd easelog@idir 0o NGhko dnlke hase Jdi8Sines the
_Jqu %O“nln%te 10 ;hly when the stinulation
requency gp%? ?lately nodi fied 1in such a manner
%&stdﬁﬁaﬂﬂﬁdtﬂn;nqqaaﬁahmré@ﬂﬁéncesfsbquan¢y Fofgurke 5, 6 and

7Ce'a'p%etaQattop'b%dﬁgb‘é.ectyggfarﬂ}dsﬁ.gﬁﬂf?:‘ ddenl ¥ gﬁgrggﬁg.{jders that
Fract

0 Create a traumatic event, an effective and
t@’&é(s.%’feéﬁt PREFRESS 1H (T gl f SéMBLescchipken, from the
drzchigh avekshamSmiheat subjects examined, whereas electro-

stimulation was carried out in the distal peripheral part of
the leg. This means that the VEGF that had been produced in
the stimulated zone, rapidly spread throughout the organism,
thereby determining a considerable increase in the average
value of VEGF current in the patient’s blood at the systemic
level.

Therefore the increase in VEGF from the wvalue of 21 pg/ml
recorded after 2 minutes of electro-stimulation, to the wvalue
of 60 pg/ml measured after 7 minutes of electro-stimulation in
the blood taken from the Dbrachial veins of the diabetic
patients is indicative of a much more considerable increase in
VEGF in the stimulated zone that is affected by the occlusion
of the blood vessels. This results, in the stimulated zone, in
a substantial benefit to the patient deriving from the
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15 certain respects is anal ogous to the one that

determ nes the so-called "water hammer". The detected
W0 pano6e®es in VEG-, as shown in Figures 5, 6 aPdI/EF2004/000724

appear to be particularly significant if one considers

that they were neasured in the bl ood sanpl es taken

fromthe 20 brachial veins of the subjects exam ned,

whereas el ectro- stimulationas carried out in the

di stal peripheral part of the leg. This neans that

the VEG- that had been produced in the stinulated

zone, rapidly spread throughqut the organi sm t hereb
fofstadrit| A 2TbnBilaefalics SeHer 388 iTF Ihethgerdig@tagion of

e}ylagﬂielgafon\é@(} current in the patient's blood at the
em c eve Ther ef ore t&e increase in VE

f.r.om
i al fe BRS2 58/ HECPPEESy d& KT ef 2SHURHCSs ke the one
skeivefct rioe stihglees or§ tand heSvatoe sbimgdapg/ nbmall afferent

W Q: ften,fedl nuhgs Phe el e%ﬂ&ﬁdﬂ%r@t 'wq_'%h' NeBQ motor

taken from the brachial veins of
uItPr’%?o-et"—TI@ deeftd ey dny Fdogesesvd apda 9n&€ﬁuﬁ‘6|1¥ constitute a
C&H’q}lﬁrﬁ:d Nehaase hiak b¥EGFsen bhe shi mubakegazabe sheets

iﬁﬁmﬁ

e the occlusion of the bl ood
f%s e15sakfan ?rcgg in the stinulated zone, in a
Asubsharits ahobedef rtfﬂltso art paegeanceedisvi dg combanahéon of a
%ég 342%/ 9@60%@?&%@’%@04&&%&%% 131405 PBEH ON£FBA 1BAME by a

essels and fromthe djlatation of existing
V%‘ife%,Ctli_V&?St?‘}b $RAYRRCTrech SROPSEEHSPECUAE H % ncghe small
ndiv@id Rl ishahen @rEN@ddeu&tamdanUQsetfﬂHhaéacy of 220

H%”H"‘”Jéﬁéﬁ&%h5tﬁﬁygolg&baﬁb fibr : %dihgg 1qcrease in

f nt &Pact’i oI wi units ata shown,
PFiquaeepts and andict bl |lyeewm1r4bt esensiifpiey in- patients

§§QH§Q§ebyW@b&ﬁpﬂégla?e&e&%pr@blﬁn<iNDh§ﬁD§I@§£a secondary
sheets for the sa

lesiqns defielt® Eajafl'go%‘%{%ﬁaﬁre otfhea h%n)d g%éllng ghe Sbine, or
arsefiitesagiuersderodfe .muscul ar rel axation, followed by a
AJESRRd VEo SUR- PgEDent AcsuRTSeauence: agl, | vad n,lguw@ width

ous res Is then provided unti]

Cﬁﬁeﬁb%%d9eoYaQQ@d and in particular it can be 1ncreased from
the current value until a preset maximum wvalue is reached.
This maximum value can be of about 90-100 ps.

The increase in pulse width is equal to a percentage of the
current pulse width value, for example 20%, 25%, 33% or 50% of
the current value. Experimental tests have shown that the best
results are obtained if percentage increases of 20% of the
current pulse width value are chosen.
Between an increase in pulse width and the subsequent
increase, & time interval occurs having a duration which can
be randomly varied between a minimum wvalue and a maximum
value. In particular, the minimum wvalue of this duration can
be of about 15 seconds, whereas the maximum value can be of
about 60 seconds.
When the preset maximum pulse width is reached, the pulse

width is suddenly decreased to its initial value.
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Hz is reached. This produces a gradual increase in
prioreception and in peripheral sensitivity in.
w@atoueeto87 15 af f ected by parapl egi a, tetrapl egP@r/@pr2004/000724
hem pl egi a, secondary |esions to the brain, traumas
to the head or to the spine, or apoplectic stroke.
According to an enbodi nent of the invention, the pul se
width can also be varied andi4dn particular it can be
increased from 20 the current value until a preset
maxi mum val ue i s reached. This maxi nrum val ue can be
of about 90-100 s. The increase in pulse width is
Tletpiavatrdadiper ceht 8he afulidee widkhemarpubse w@riated several
el e, for cea?i'fr"nﬁ_le ?ﬁ@tl%ﬁ%hr?’?’%éor app¥iel %B@n the pulse

current value ntal tests have shown that the
f%ﬁﬁﬁeﬁﬁyr%%uk?@taFQDGEPaFneéonﬁﬁﬁmﬂ%ﬁ Yﬁ?qnc?EE%%sapplylng

tééf 2080 opathent cutnent séqhéﬂc&\d; dt preelovesaye dheskosed with
tween a ease_in s t t e
rCHTE. 18 (1 TREErUA oGty ARy & dafBiraq. for some
mivitods can a wensdrddnifyegqaenes. bet ween a m ni num val ue
B)anGagyg?&t% %Qll\éél Ya-ath) Palddiat i@n ﬁﬁ&léﬁéﬁémm:e avoided

uration can be of about, 15 seconds

iR RN tradiihif WasRe CRATh&EDGT PaIBERE B9°SeRBhaget used

- tWhethd heppeset paisesm puhseh wimight s deeached, tthe therapy

€§]S%n1m”dth is suddenly decreased to its initia

it TS SAD 2004/ 067087 PCT/ EP2004/ 000724 14 This
variation of the pulse width can be repeated severa
times. It can in particular be applied when the pul se
frequency is kept constant, for exanple when, after
applying to the patient the sequences previously

di sclosed with 5 reference to the draw ngs,
stinmulation is applied for some mnutes at a constant
frequency. By varying the pul se width, adaptation
phenonena are avoided in the patient, which neans
that the patient does not get used to the applied
pul ses, which m ght decrease the therapy 10

ef ficiency.
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WD 2004/ 067087 PCT/ EP2004/ 000724 15 CLAIMS 1.
El ectro-stimul ati on apparatus, conpri sing

wW@b@ai6io87 pul se generating nmeans arranged to PETEPZD€000724

pul ses having preset values of typical paraneters,
appl yi ng nmeans arranged to 5 apply a sequence of said
pul ses to an organism said sequence conprising an
initial pulse and a final pul%%, characterised in
that, it further conprises variation neans arranged
to performa substantial variation of at |east one

typi cal paraneter at a nongﬁ%gﬁgnprised bet ween 10
said initial pulse and sai pul se. 2. Apparatus

1ac0&maﬁﬁnp4sluMuabm&bn wheperatsai d caupm@tsiony mdaasric-pulse

COQE %%1 QEﬁgifn%ragﬁgi'%@ oS ggﬁggaqgﬁéﬁ§§§siﬂabﬁﬁg preset

sal"d a east o ara
Appearlaxaﬁ:, @Ec@ymﬁglt@aéﬁal?ﬁﬁzs V\Héapémngaul%ﬁans arranged to
fty 08 dSqiBads ©IFNPELSES pEs f @b C@MSId’}Q;aallsm, said
gra ual” increase jn _the valu% of, said at ast one , 1
t ypoi CEe anPTRT IS of B Wi &aéu%?edeépga%. yha-L PuLse,
Apparsatact eadeeddi dg t bhetai ni8, fertedm dmiprg sea dvariation
grgﬁ%@lszoggﬁgﬁ?@d p589rp%%%o\4:‘fn 'chsﬁgglﬂgﬁtQ ls"’yaqu g::l.on of at

i cal "paraneter are provided, sa
pr o asstsi QRe | m%nt%a%ﬂ?ﬁf% naf | &r m@ﬁaﬁtsgpap%aa@nbetween

deCsE@ft@eixﬁ)t@fl pRnger aatl sagai Euﬂﬁl ﬁulévﬁpar at us
er el n

ording to any one of .c|ai
2 oA T e AREO RN | 405 FOBAS (e MRASER] el fariation
funnm&wsgpqmmnﬂsasnmmeasefbm g svalbue @mdéamdd&prbeastln the
On%afd&'&@'saa%f %Etl%st%h@r t§§hga§ ugddesndect ease. 6.

par at us accord %} o0 any one of the precedin
3¢l aﬁﬁﬁara%r@iﬂﬁ% %9v§P| Ao rr%ané"h@d:r‘?ﬂﬂ stdidpgRgeration
ar ripnged b@mpﬁﬁ%e/stheahse(ﬂm:ncgta@éus@l d pi=mspml 30ndrease in
rat us,.according .tq.cl 6, er ej i Lation
R UL 8E e (bRt Aes R o CL b Lo BafahBLL Oberore
8. Fpphrauddemcsorgiang-to claim 7, wherein said

aVarA@dQtus according to claim 3, wherein during said

gradual increase progressive increments of said at least
one typical parameter are provided, said progressive
increments being smaller than said sudden decrease by an
order of magnitude.

Apparatus according to any one of claims 2 to 4, wherein
said generation means comprises means for causing a
further gradual increase in the value of said at least one
typical parameter, after said sudden decrease.

Apparatus according to any one of the preceding claims,
wherein said variation means comprises means arranged to
vary the frequency of said pulses.

Apparatus according to claim 6, wherein said wvariation
means causes a frequency variation of at least 20 Hz.
Apparatus according to claim 7, wherein said variation
means causes a frequency variation greater than 40 Hz.
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nmeans causes a frequency variation greater than 40 Hz.
WD 2004/ 067087 PCT/ EP2004/ 000724 16 9. Apparat us

w@e@anaiosy to claim8, wherein said variati on POEFEPR04/000724

causes a frequency variation greater than 60 Hz. 10.
Appar atus according to any one of the preceding
clains, wherein said variation neans is so configured
as to 5 actuate said substanif®al variation when a
spasm condition of a nuscle stinulated in said
organismis reached. 11. Apparatus according to any
one of the preceding clains, wherein said variation
9 nEARPABA Y coACPEHERd 49 t 61aaBt bt eWBaFEiBub Rkt variation

varjatd on-when & frrequency kréri@tﬂ@ﬁcbﬁélaaér%&ﬂn 60 Hz.
maj or reI ease of ggowth factors ul ar

IYEGRPHEHS . 2990 r?if’us_’mé’cc%?%l 5 %n?r%ﬁ%db?g claims,
thewkpermﬁdl nagal(d aivagiatwher eneasai d_l@enm atdarfimperesl as  to
:CS 5’% t{ean.gg aSub & a 'ﬁ%&%"%ﬁf’éry wRLd seguenfe condition

irs ses having a radual 'y 1 ncreasing

fr e@@@d\gu&m:]@)r&ﬁlﬁgllﬁ@eé ﬂFlr §pidi pEgenReR, lantieae’fhd

1PUl 885 FamidNgadc8ratal kY iss e@ﬁé NGf fiﬂ%luﬁﬁé&edlng claims,
accordln to g second increnen sai d secon

i nc¥ %ﬁ"ﬂt ety grvé‘gtléitlfjﬂanmggpa fT¥st>F nc?oé}%r%ureﬁ as to
Appacatatse acadddi supstardiislm v2rinhéeri whsai dasetogaiiency is

20 f@&#fé@m at S @ %ﬂt €4 bﬁ{aipnéorflgiegée nagRi tgidedhakactors,

said “fjrst 1ncrenment aratus according to
cl aparaculRTlys ofESE n OS&1dS -sequence conpri ses,

1@etmhaaﬁtﬂikéj ébé@idﬂh{? seal aiy sahd oFectns Ehﬂésedln@n claims,
in medj ate series o ul ses 25 Ll
ekﬁ%%?llfre%ade%cygenﬁf Appar gi@a%@ cdst 4t %&Q@#gg Yas  to

cond 4S "accdr dithg €0
14, geherzia seithimt eradsli segueses ef igsipr bvdsepul beging a

havi b P93 PLY Ses i AL L QRE If@éqﬁ%c@et é{\@@@r@lﬂ@Xl M a  first

ands s Tt Ve e v il B gnoronsing
16. fAppast s agcoatdhygg o anysecendf ineerepeatedisaid second
8LZigéEﬁmgggﬂﬁgfhéﬁgfgét%§|@h%ﬁr%Qﬁﬁo?i§gkdiﬁéréﬁéﬁﬁ.

13. Apparatus according to claim 12, wherein said second
increment is greater by an order of magnitude than said
first increment.

14. Apparatus according to claim 12, or 13, wherein said
sequence comprises, between said first pulses and said
second pulses, an intermediate series of pulses with a
substantially constant frequency.

15. Apparatus according to claim 14, wherein said intermediate
series comprises pulses hawving a pulse width oscillating
between a maximum and a minimum wvalue, said maximum wvalue
being substantially equal to twice said minimum value.

16. Bpparatus according to any one of the preceding claims,
wherein after said variation said at least one typical
parameter remains constant for a number of sub-phases.

17. Apparatus according to any one of the preceding claims,

wherein said generating means is arranged to generate a
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paraneter remains constant for a nunber of sub-phases.
17. Apparatus according to any one of the preceding

W@ b@i067087 wher ei n sai d generating nmeans i s arrBODER2000000724
generate a WD 2004/ 067087 PCT/ EP2004/ 000724 17
further sequence of electrical pulses after said
sequence, so that said variation is repeated nore
than once. 18. Apparatus according to any one of the
preceding clains, wherein said variation neans
conpri ses neans arranged to 5 vary the width of said
pul ses. 19. Apparatus accordin

aim 18, wherein
smﬁyﬁﬁ%ﬁra§ﬁﬁﬁenﬁ€aﬁ§ F§e§5r&8%#|EHiéasag%Fﬁriﬁﬁrgagﬁquence'
t hesomMtdhialt Qfa]}&akhrdrlaﬂhSESJ.byrap@éiyedlgnqmm ceErragece .
renents o te dt h. val ye 0 - :
lé rpgtrl?%:ugccocrcoo %al %19&%é?eltr?3esa5%ecedmg claims,
pervdemeag)e saard:rmm*@l@rr ems@necCedPrisasa Mpagwp arranged to

congi,St ich@ %fldt?ro(g“fogalahﬁuﬁb'éé ent wi dt h val ue, 25% of
the current width val ue %:gof ig rrent vvrde .
19 ARP215E0S0f 2 FFRE TS ehP | u@’ efgipy, said variation

Apm&kﬁkﬂslﬁcsordbnglgoreﬂammlﬁ&) bncPfasehehei width of said

bet ween a I an eque
peFEeﬁFﬁbéb n%%ﬁ&ggg éﬂ¥! eer€%+£%@%ﬁ$§ o | CRig gourrent
raWdameVaé@Bected 22. Apparatus according to claim

2@l apMaerehy saldhbAdiRy 28 knhenvals, C%&Qal\tﬂrése@ﬂd percentage
bet ween 15 S and 60._s &h Agﬁ rat us accordlng apy ,ne
onc T STIRRs 216 P6L85EC & BN > CRE R HORCOF CAAP O of

pultdes dwscierch easdch upatoea AB%i mimtheal aerodntabeidth value,
90-00 S £fe éﬂQ@ég{sua 8eR0LALNQ, t & ANLONG O chhent width

precedlng cl ai ns ereln sai d sequence is defined
by Yrdriret ers sel ected froma group consi sting of:

21 h%pm&mﬁe ddtdridguge th dihen senuence20n Fheveen 2between a
(e SIS | LS, LR, SERENCRL DG © Becooncace
conprarsimeget a time interval occurs which is randomly

selected.

22. Apparatus according to «claim 21, wherein said time
interval can be varied between 15 s and 60 s.

23. Apparatus according to any one of claims 18 to 22, wherein
the width of said pulses is increased up to a maximum
value of about 90-100 ps.

24. Apparatus according to any one of the preceding claims,
wherein said sequence is defined by parameters selected
from a group consisting of: the sequence in Figure 1, the
sequence in Figure 2, the sequence in Figure 3, the
sequence in Figure 8 and 9.

25. Method of electro-stimulating an organism, comprising
generating a sequence of electric pulses having preset
values of typical parameters, said sequence comprising an
initial pulse and a final pulse, and applying said
sequence to said organism, characterised in that, said

generating comprises considerably varying at least one
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30 generating a sequence of electric pul ses having

preset values of typical paraneters, said sequence
w@ompne®BNg an initial pulse and a final pul SBCT/BPIN04/000724

appl ying said sequence to said organism

characterised in that, said generating conprises

consi derably varying at | east. one WD 2004/ 067087

PCT/ EP2004/ 000724 18 typi cal %araneter at a nonent

conprised between said initial pulse and said fina

pul se. 26. Method according to clain125 wherei n said

varying _conprises suddenly decre n th
sait/Pitclea®RTABSERE t Fhi chl AP é% %I\/E?’ﬁgaeen said
accioridiirg @@l@baaﬁdZ@almhéiaah palﬂegeneratlng

2€.eg}sjrt:lhsogﬁ [ adua ' N eaéi g%t h§5val Hﬁ‘ef’élﬁ‘a' gftf& varying

plca paraneter ef'ore sai d sudde
decroegmiimgs wddmhmdd%@:mﬁwmg te cralhe2pPt vﬁ?éldemt least

durdﬂg;5y§f¢allgaggﬁg@@kly I ncreasi ng progressive
i ncrenents of Said at st._on

cal t
2'hppiatdrd sargoprogPess? vé3 3t ﬁeﬁ?‘é %Jé?ﬁ‘gr aﬁ%‘fgpgagratlng
thaszﬁﬂtﬁg&scrgamaapm iiethroharsimgy e dvasludkdenf ysaid at least

deCor ea §%[ r%[:ng%re Of ggét %gfd %gdd%ﬁi O(ﬁjecreasing-

acc r one O

Z%all‘teigmﬁbr a@¢¢@r<tmﬁ)r|’§@s Féﬁﬂﬁer erradu’glemﬁlﬂﬁcr%‘é’é}% said

t hegr Maldue of 1§1@!rga§ln§e%$1§o stJWQi Cahc@éfnéﬁeberef said at
after said™ sudde decr eas d ace

N?th %
o HAP orfr CrAr Y DS TS er BPHLSAI 4 oupy Rgoressive
compi¢isagerindidedmg $ﬂme11fareqh:1mytbé dardeage pppéegd during

31. 054\4? 4 o AGG! 'e%glgataglﬁ abgﬁ 2, oPHEEebHR 1§§<¥1@1tude

cau requéncy variation of 2
2% . Meé’iho @W%’éﬁbr HPn@nﬁ’o Wi Bf 3EL2HREr € | 2 Wherein

ngéaijd n%xﬂi&@fgh&:dnfﬁqmc)fu\tmat igerdgeeaenncihansing the

saﬂﬁiHﬁﬂl?éiﬁal Egggégcc frequé%§§9%§#”%%5%%¥@§%Z{ther said

t hasudierHzy ddtrefstimgd accordi ng to any one of clains

382 Bt YP&SRiThg to any one of claims 25 to 29, wherein
said varying comprises modifying the frequency of said
pulses.

31. Method according to claim 30, wherein said modifying
causes a frequency variation of at least 20 Hz.

32. Method according to claim 31, wherein said modifying
causes a frequency variation greater than 40 Hz.

33. Method according to claim 32, wherein said modifying
causes a frequency variation greater than 60 Hz.

34. Method according to any one of claims 25 to 33, wherein
said wvarying occurs when a spasm condition of a muscle
stimulated is reached in sald organism.

35. Method according to any one of claims 25 to 35, wherein
said varying takes place when a frequency is reached at
which a major release of growth factors, particularly of

VEGF, occurs.
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sai d varying occurs when a spasm condition of a nuscle
stinmulated is reached in said organism 30 35. Mthod
wW@ewandiosy to any one of clains 25 to 35, wherRCTEPRA4/000724
varyi ng takes place when a frequency is reached at
which a major release of growh factors, particularly
of VEGF, occurs. WD 2004/ 067087 PCT/ EP2004/ 000724 19
36. Method according to any drfe of clainms 25 to 35,
wherein said generating conprises providing within
sai d sequence first pulses having a gradually
i ncreasing frequency according to a first increnent,
3G desdooh cagud sEgichale ngns Bngr adfuarl§impcrbadingd5, wherein

fregus ‘3eﬁ%%é%fﬂ%gc5ﬂp§1§@§0§§ovh8§ﬁ§mwﬂ%hfﬂmébld sequence
secon I hcr enent elrn reater han Sa|d

i ndigifdnt P‘-@Fesl\/bthﬁ("fdngccé‘r di9kGHELdVaj Frfl§€eaﬁﬁ89e| frequency
SEUétdﬁ%Hl HonGr effedt: iiacgemahe; byidaseopddrpalses having a

han sai d f Me dy
T T 00 TSl TR g LR, socne
cormm:mntbetmeh sawindl F—Qtlrpmﬁ@,‘ésbéﬁa%zﬂ@@@d—’onﬁlan said

pulsesse andiagnredi ate series of pulses with a
substantjally const ant fre ency éS 39.. Met hod

3hcdiptdiany tFQEHHRBS, Wne f“ﬁmsal i nt"BtHRditht es2id  second
gerlrﬁfremmwlmSgpahses bgviayy ardedt bfoswdridtudeg than said
et m and a m ni num val ue, said nmaxi mum
vaIéNe rl:ellﬁlgcn%)lgﬂ %% tantially equal to tw ce said m ninum
3&alMathot) adesidgaddadeocdiefl 58/aRy dre yhegpanngazd ggquence

?3’c&$¥¥f§é% Z?eﬁﬂhéh SghﬂdVafyﬁﬁg éﬁﬁébéﬂ dnaasea@ﬂe second

pi cal paraneter constant for n

sukﬁ%& . éﬁ'@&ledl ng=t o= any %ne E%? mith a
25 émosf!t(b,ntmérlg;i rmonsaadtgéneqaermg conprises furt her

3QGQF%§%kPga chgifer toSQ9H§ﬂ§e39f %hﬁﬁ&ﬁjﬁaéaﬂyl%%%ermedlate

sal varying is repeated nore than
42, SW%@W%@W@%W@M& & NLB8 O§oA{lating between

whey einBxs@hd and a minimum wvalue, said maximum wvalue being
substantially equal to twice said minimum value.

40. Method according to any one of claims 25 to 39, wherein
after said varying, said at least one typical parameter is
kept constant for a number of sub-phases.

41. Method according to any one of claims 25 to 40, wherein
said generating comprises further generating a further
sequence of electrical pulses, so that said varying 1is
repeated more than once.

42. Method according to any of claims 25 to 41, wherein said
varying comprises modifying the width of said pulses.

43. Method according to claim 42, wherein said modifying
comprises increasing the width of said pulses by applying
percentage increments of the current width value.

44 . Method according to claim 43, wherein said percentage
increments are selected from a group consisting of: 20% of
the current width value, 25% of the current width wvalue,
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varying conprises nodi fying the width of said pul ses.
43. Method according to claim42, wherein said

worR@iyioRy conprises increasing the width of BEi/@P2004/000724

pul ses by applying 30 percentage increnents of the

current width value. 44. Method according to claim43,
wherein said percentage increnents are selected from

a group consisting of: 20% of 20the current wi dth

val ue, 25%of the current wi dth value, WO 2004/067087

PCT/ EP2004/ 000724 20 33% of the current w dth val ue,

50% of the current width value. 45. Method according

t o 8B%i af44hewsarraien tbatidiedn v lpE cedlfaget ther ewgient width
andy{ hge subsequent percentage increment a time 5

interval occurs which is rand4rr1y sel ected. 46.

Met h
4gccMrERRg FCALINE 4 QR 4 /s IRE 1S e RSHMSSFal2 p@&ﬁentage
be vatretebet weenthe Subxkplent gércdbtdwd hocoembmy a time

to an¥ ?ne Ofcéﬁfgrwif%% H% %%ndﬂgﬁ e%%le&@%SMAdth of

sai d ses is 1ncreased up val ue of
4éboM¢t]@@d 100cerdiugy ket Iﬁ!d@l@c&o'frrdl weerolnngabdetome interval

cl abgs Bo v Add PSIRIM 155@ dngiegdence is defined by
araneters sel eét ed froma (gqﬁjouagco si,stin

of: the .
4deiietead | RCRPEULRY 1 Ot KEY iBSqute 90 i wherein
seqtﬂe@carﬂdn:hFi@ﬂr @ald thhelsdb siseqde‘rmreaised:igpret@ 8a maximum
and_9 (ﬁ&r qujT Ie by data processi ng neans,
conYal n| ng a ura £ data with preset val ues of ,
48pr@bhodpacaﬁﬁdem t@auadlea@rae befngliedténded ¥® 47, wherein
ori ghpat %e@lue&@@uwedeklﬁéactuy CpRuhfieseto ts%lweldedfrom a

to an organi sm 20, ne f electro stlrrulat
tecﬂﬁ?ﬁ%esco%%r%t’s‘é%ue ‘e tgberrprﬁ SRR ﬁ‘ﬂtl guﬁﬁl sg¢’ the
- asdgaefi¢malirpulFdgurechdr actler | sediuemcehatip aFigure 3, the
subgt nélll@é Vﬁrﬂ‘i\%dﬁ @f Ay d.east one typical

gara ter in_said sequence at a nonent
onﬁwg@a‘c baEREBRLSAIRY | HREP aPTOreSE 1aMd _ARF f | fantaining a

25 puhsglity of data with preset values of typical
parameters, said data being intended to originate a
sequence of electric pulses to be applied to an organism
by means of electro-stimulation techniques, said sequence
comprising an initial pulse . and a final 9pulse,
characterised in that, a substantial variation of at least
one typical parameter is provided in said sequence at a
moment comprised between said initial pulse and said final
pulse.

50. Support according to claim 49, wherein said wvariation
comprises a sudden decrease in the value of said at least
one typical parameter.

51. Support according to claim 50, wherein said sequence
comprises a gradual increase in the value of said at least
one typical parameter, before said sudden decrease.

52. Support according to claim 51, wherein during said gradual
increase progressive increments of said at least one
typical parameter are provided, said progressive



10

15

20

25

30

50. Support according to claim49, wherein said
variation conprises a sudden decrease in the val ue of

W@ adod/o6to8T east one typical paranmeter. 51. SuppPOF/EP2004/000724
according to claimb50, wherein said sequence 30
conprises a gradual increase in the value of said at
| east one typical paraneter, before said sudden
decrease. 52. Support accordi@§ to claimb51, wherein
during said gradual increase progressive increnments
of said at | east one typical paraneter are provided,
sai d progressive WO 2004/ 067087 PCT/ EP2004/ 000724 21
|nclEﬂ€¢m%n%%lhngﬁaBméﬂl?ﬁaﬁh§@|@aﬂﬁhﬁ#ﬁ@%%r@%§é9%§e by an

an 09§g§ropf nidede. 53. Support accordi ng to any
one of clainms 50 to 52, wherein |d se uepce
580nPFPRELE a2 FEPFHERY gFRdBRY NGy 98 5tQaPge wherein

of said stqghensé oomprypésab maraheregradﬁaérlaaméase in the

~sudden % 8%e%§§d %ﬁ ]§ﬂﬂﬂ9r$ngcgg$?g$?ohgrgﬂgtgge Afrrer said

cl ar s erein said v conprrses a
suddeﬁdemmﬁgﬁ¥¢&ﬁQhe frequency of said pul ses. 10 55.

5§Up§9ﬁ§o§€CQEQbB@1ﬁQ Ebabﬂz§$néMB¥T%Ihfﬁ%d4§Uﬂde$3 wherein
IS at | eas upp rt _accor

change

ol aPfi % 5vam%% gawar%ﬁ%eﬁ 8H§ﬂ‘8 cPgngPeatertth equency
40dbﬁ s&¥d Suppsst according to claimb56, wherein said

u n e c 5
FecseipSotrebenioind BoB1gin 399 Mleghin e BIMRED, change
varilétpﬁnatsl?ﬁ%’f\'/l?déd{%en said at | east one typical

5|@ar 9{1§§>8£tr§a§8§§11@g vabuelbhat 56aus@eraieordiiti @udefen change
% sti.mul %%§3H§USC|e in said organism 20 59.
Supbﬁr?r%% SF oy ¢ one of clainms 49 to 58,

5@heBepporsaadcondiagi ba péapmoﬁﬁde@hWMGdns@deaﬁUdﬁﬁm change
°n915y$£§§£erp@¢£ﬂm%6” yd eaches a value at which a

ease rowt h factors, Partlcularly of \
SQEGﬁupgeggrgccordlng to any one of claims 49° to 57, wherein

said variation is provided when said at least one typical
parameter reaches a value that causes a condition of spasm
of a stimulated muscle in said organism.

59. Support according to any one of claims 49 to 58, wherein
said variation is provided when said at least one typical
parameter reaches a value at which a major release of
growth factors, particularly of VEGF, occurs.

60. Support according to any one of claims 49 to 59, wherein
salid sequence comprises first pulses with a gradually
increasing frequency according to a first increment, and
second pulses with a gradually increasing frequency
according to a second increment, said second increment
being greater than said first increment.

61. Support according to claim 60, wherein said second
increment is greater by an order of magnitude than said
first increment.

62. Support according to claim 60, or 61, wherein said

sequence comprises, between said first pulses and said
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60. Support according to any one of clainms 49 to 59,
wherein 25 said sequence conprises first pulses wth

w@2@nacal |y increasing frequency accordi ng tPCHEP1004000724

increnent, and second pulses with a gradually

I ncreasing frequency according to a second increnent,

said second increnent being greater than said first
increment. 30 61. Support accéfding to clai m 60,

wherein said second increnent is greater by an order

of magnitude than said first increment. 62. Support
according to claim®60, or 61, wherein said sequence

conpererd, PvdeReen ai dnfprBedpaFeesoni®ssaP Wylses with a

200.%951?918&&3& ER%M:&OQZ:%ue&%ysecond pul ses, an

d b [l .
Géon @§§?£€ﬁga§§%§§§gg§o §Gﬁﬁ%%m%%cc8P8%§§SE%nghgﬁﬁ¥ pedlate

wheserihesaicdmpnt sesegudtses $eniiesgy conprises wpdltbesscillating
havbggw@eﬂugsﬁag?ﬂﬁﬁ Qﬁﬁ'Elﬁﬁhgﬂumsvgﬁh@ee%diﬁﬂﬁﬂﬂyﬁ@m value

m ni num v sal d maxi mrum val ue bei ng
subbehngi srbgtaniiil kb qaMade toaitiFeniSaimh RapsBuUNgYalue.

$Up9@§§>oﬁﬁcgeebﬁalﬁ@ a8y aafe oife i @b‘aﬁwstmgGEo 63, wherein
sai.d varlatlo salg | east .one

P EhP pRPafoar LoF SRR A 1D Y ahe oty SBen s eegs Parameter
subzghases. cdfs 6t Sipper thuabesr difngubophaygegne of

?labﬂg?égttoaééord @ta{g'ngngat@néhanen@QEQmQ 49 to 64,

urt sequence O el ectrical pulses to be generated
aft@Pn’%%’r]al%‘équ@ﬁEé §att haraddid vari aPFbhefs sequence  of
repedtedri®ie p@a@e@nﬁe b66 geBuppeet actetdisagd Gemmence, so

of a 4 t erel hati
conbPR5eg™ S st o Tereears ok, Shee-
6|§ul §BBposBY. a@gpp@mg at:@oaalifngft glaiasni86 towtereivherein said

Sa'gafﬁgﬁbohscohﬁ9i§@§eg RyidRRRl WHMh RErGEMt REewidth of said
increnents of the current w dth value. 20 68. Support

accBPrUPRG-to claim 67, wherein said percentage
6Inceeppotrs areraeliact edof rohadmgréip cbwesiesn ngaodfl: width is

ZO%EREreased by applying percentage increments of the current
width value.

68. Support according to claim 67, wherein said percentage
increments are selected from a group consisting of: 20% of
the current width value, 25% of the current width wvalue,
33% of the current width wvalue, 50% of the current width
value.

69. Support according to claim 64, or 65, wherein between a
percentage increment and the subsequent percentage
increment a time interval occurs which 1s randomly
selected.

70. Support according to claim 69, wherein said time interval
can be varied between 15 s and 60 s.

71. Support according to any one of claims 66 to 70, wherein
the width of said pulses is increased up to a maximum
value of about 90-100 ps.



the current width value, 25%of the current w dth

value, 33%of the current wi dth value, 50% of the
wa@oooeetosi dt h  val ue. 25 69. Support accor di nBCT/8P2004/000724

clai m 64, or 65, wherein between a percentage

i ncrement and the subsequent percentage increnent a

time interval occurs which is randomy selected. 70.

Support according to claim6923wherein said tine

interval 30 can be varied between 15 s and 60 s. 71.

Support according to any one of clains 66 to 70,

wherein the width of said pulses is increased up_to a ,
Teax PHERPL G aPGECBALIRBOLP §9Y1GRS O vip-2oBa/ 687687 71, wherein

PCTEEPZOARRANER4A 123 déZinSdppey t pacenedeny toelauteanefrom a
of clainms 49 to 71, wherei i d sequen i s,define

by 85?3%9F8F‘ régf'%gf e&ﬁ ros%qélse ‘é:%oulpn cglrr%%:%i %g: J‘:thl%'edsequenc_:e
sequendd gureFi yur ehe, selmescguerte'ipRrei gur etlPe sRguence in
seqpepcegi gnfigure 3, the sequence in 5 Figs 8 and 9.



