WO 2010/ 070332PCT/ GB2009/ 051713 Treatnent FIELD OF THE | NVENTI ON The
present invention relates to a nethod and device for nedical and/or

cosnetic trwetmentezsd n particul ar, one aspect of the invention relates to a
met hod for reducing peripheral vascular resistance in tHe BFod#EEHéul ation

of a patient; other aspects of the invention relate to nethods of treatnent
of disorders characterised by increased peripheral vascul ar resistance. The
invention also relates to a device fdeaimgiltenenting the nethod. Further

aspects of the invention relate to other uses of the device. 10 BACKGROUND

OF THE | NVENTEIONOK weEhslnmogevi ce for reduction or treatnent of deep
vein thronbosis (DVT) are described in international patent application

W2006/ 054138, Tgié ,[devi ce incl Eedes el ectrodes which are secured to the | eg
of a patient &nd uged VEMIIbVEEESeat Fethnd sofnddvied dor tedidee amdag! es.
Preferably tbemelicteaotes. ak oakhodd e igul ate the lateral and/or
medi al popl i t&awerves, whi ge:bh causé?ﬁ%hgs%%f ﬁfnﬁgcﬁggmﬂ% (JAEsaltt 2 This in
turn acti val® Q" teducing ReYiRheval veasulpumpistantevhition blooaaskciafish bag i on i s
pronot ed bypafiese! etHepndd, I QR, vi.ng to redu he risk of thronbosis
in the i an.}_ C her wscﬁgéée%?)t}gégﬂ?r%gmpnc 'Eﬁﬂe{c’[ I%e%g?) PUFRAIMERY of he

devi ce mmy HEOGSEY oherastenascaby inhicmsad R&iphekd] aSscullr ra9di8Rc Of. the cal f

punp, The dgyd [ r bly used to induce isonetric contraction of the
nuscl es, suchér?%gt §{Sﬁe%&§%§u{%\%ﬁ8wgep@ﬁﬂ@p eIt vaetbadb tiurthienb

movenent f raapeciseofdhé inveatioorelite to etherededbs MOisled As described in
W2006/ 054118, use of the device in the manner descri bed 25 has been

denonstjpat egh ¢ 'r\,@rl tying in the leg, as well as to increase
cortical bl ood}@? ow rﬁ%%éﬂ%h@%‘éﬁ“of the leg. Due to these effects, the
device is suggested for use to treat conditions other than DVT

char act.eri fedaifod rapali dedcs eoousdintiandof h@&tmérﬂ%ﬂjgééﬁ.\}élrf]r?‘?ﬁr?)mb\é%[?i f:ose
ul ar

\éielsgz :sel, S;C:, ng}r g;]ea?%sdqeq@”%fitifq ﬁté&%}éﬁéiﬁélﬁ%@;@ ﬁééﬂ%{gr@a?dis\s/;;mer s are
consi der ed iﬁg}j;% iﬁ%%ﬁz?ﬂ&iﬂmﬁ Hasbeublad hdRgdsvl 58:804,ELAgd can
on to the muscles. Preferably the electrodes are
15 arranged to stimulate the lateral and/or medial popliteal nerves, which causes
- the calf muscles to contract. This in turn activates the calf musculovenous
pump, in which biood circ_ulation is promoted by muscle contraction, so
serving to reduce the risk of thrombosis in the limb. Other musculovenous
pumps include the foot pump, and the device may be used to stimulate this as
20 well as, or instead of, the calf pump. The device is preferably used to induce
isometric contraction of the muscles, such that the musculovenous pumps
may be activated but limb movement from the stimuiation is reduced or
avoided,

As described in WO2006/054118, use of the device in the manner described
25 has been demonstrated to increase venous emptying in the leg, as well as to
increase cortical blood flow in the long bones of the leg. Due to these effects,
the device is suggested for use to treat conditions other than DVT
characterised by impaired venous blood flow, including ulcers, varicose veins,
ischaemia, oedema, phlebitis, osteoporosis, peripheral vascutar disease,
30 coronary heart disease, and hypertension. These disorders are considered to
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used to alter the patterns of 00 ow il nt. MVAI
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may be used 15 not only to alter the patterns of blood flowin a

e So8e \Gﬁmﬁm}wﬁ%?—p@dwg\g{gﬂ@ﬂflow reversal in the artery may be

patient. In partic t d. This is thought to be a consequence of a
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of the nu &é ﬁan, roviﬂ%;cfolsgwg _H8Eieo?pa}c@@ulﬂﬂwugmqﬂvadeng|thgh |

di ast ol i c§ t})owt?e\?ﬁgg&f NFHANE SIPEEPYEi n a | eg of a patient, the mslt_ 0 f
conprising adm nistering one or nore electrical stimuli to a plurality o

. . ; i : i he scl es. 30The
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not previ glastaickRMVER 6 rE£akak §ia0%, g@%gc%%lﬁy%ﬁﬂrewgg%‘g{s inf
I n parti ciodht {8 laNVGIRLBENE g)gggr{?%tj'gﬁ?rbwep%qsphﬁggbms&qu!arggs‘gﬁm. Such
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di sorger Sm%%;?eng §%§I%§\W/@Y gltersd | HPRARGtedr ancth ffers saveichnodeb %age s
?ia:teﬁzg)s;‘fvég gb%cﬁ!rg&?ﬁ TWPPH&?%Ekbom s syndrone); so;t ti ssu;a I nj Ufé’mgf
the lower linb (including skin and muscle bruising and mcro tears;
sports i nfcadreimy; toantirst Qéﬁ@dﬂﬁ&h@ﬂres@hﬁ'd%ﬁﬁgﬁf fard fsoﬁlrlog/tecfedneﬂn%?ggd for
t r eat mentofofedearly périghaarvaiSAAIRSsta bé? in a leg of a patient, the method
comprising administering one or more electrical stimuli to a plurality of leg
25 muscles sufficient to cause isometric contraction of the muscles. Also
provided is a method of reducing or preventing diastolic flow reversal in an
artery in a leg of a patient, the method comprising administering one or more

electrical stimuli to a plurality . of leg muscles sufficient to cause isometric
contraction of the muscles.

30 The reduction of peripheral vascular resistance, and the reduction of diastolic
flow reversal, allow for the treatment of additional conditions which were not
previously known to be treatable by electrical stimulation of muscles. In
particular, the invention also provides a method for treatment of disorders
characterised by increased peripheral vascular resistance. Such disorders

35 include lower limb arterial disease (peripheral arterial disease): impaired lower
limb lymphatic drainage; cardiac diseases; restless leg syndrome (Wittmaack-
Ekbom’s syndrome): soft tissue injury of the lower limb (including skin and
muscle bruising and micro tears: and sports injuries); and inflammation. The
invention provides methods for treatment of each of these disorders. The



reducti on of peripheral vascular resistance is also thought to be of
benefit sports training and rehabilitation, whether or not the subject has
an injury. wd R/ ﬁ%gpl e, the nethods of the invention max be used to reduce
recovery tife era sports event. After such an event P FEB2MR4M3IE, a

f oot bal | match 5 or an athletics race, evenif a part|C| pant is not
injured, their performance nmay take several days to recover to the
pre-event |iedebtionef belinteva \tdsama’rfn& sehbo fosotth@ugm\/t@rﬁé enhHamek e of
benefi t in thi Qv for exa e, if applied from2-24
hours after aﬁg agﬁpg 385 r%@?chJQ@{Hg'i rgﬁﬁ“?f&ré‘%g‘%g&bfe‘itd"a’ﬁ@ Hithod may al so
be of benefit in other conditions in which blood pooling may be a probl em
I'n parti cul Bor, exaonpler threemtihons wf tay ohdanics redy Gel@ed( @ feaes rbasuged | oss

of consci ou[ﬁ?$ ft)a I n such ag nt, the method may al so corg;rl se the
steps of mom't6rTh HOF§avEn fﬁg‘glsé‘ﬁ & BENh TonisKarple, a?r@oﬁéﬁ“tfﬁﬁ’i g the
stimli sn cﬁr%p@ﬂh&ﬁlcg@adéa@véh ifNBatiBipbRe srﬂ?jﬁ'eﬁ}gfe%d Hsif Béﬁ@rréﬁn% ni%i exanpl e,
an |ncreased5$ forc result 1n an increased frequency of sti ation).

O her appl i'85% iS5¥€rd rﬂﬂyéd@ RAOYERI'RI the BIeodeNt Ileveli Ve dwrlievd tetitia y, for
exanpl e, duyps , ol i ng
during prol onﬂgﬂgg%gg%?(‘)ﬁ\rseﬂg?& sn'?é giﬁlgﬁ%%fj Eﬂem rbﬁﬁ}nh,@qg%or%cmzoryg%é)?

par ade) ; oreXgBWRi Kgarutiedyioemi ag?%lhacmoaﬁsr exp eve el oadbetveznd deinirgf andl ng.
20 The |eg Jud $8h§5 are preferably the calf nuscle, although in certain
enbodi rrents 0 e invention, stimulation of the ankle and/or foot

nmuscul ature nmay instead or in addition be used. The |eg nuscles are

pr ef er a8l y Tingvoeihed may alsousx ol bareidirs omnponﬂmonexavmlca bl(bd?tﬁp@@lrfg, foot,

and/ or t hi i mul i y.be a ied direct t e nuscles, or

i ndirect| y%/%ygggfl % 051” pfglcgim quru?rteg%‘t?”mgf \?é{mdﬁﬁfg é’zaérbpé: @& favoured
appr oach i dorce lndnnhadetmbwfaidnﬁuﬂoa‘s»@eésbleiri VBT ahi SAbOMIRTEA Alhdr @elihgaccessi ng
nerve groups. in the ar, atgéﬁéqpﬁ q?fﬂﬁl ifeal fossa, where the nerve groups are

in general nEaé’s&W CREPESE; PoRering & foree gupariareedoby Edﬂl}ajaﬁéss and
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appreciated that all reference herein to 30 stinulation of “a rrus e |s
i nt endéd t 8¥FABEARL dNBBRSEig-tocee snayniratl dm afmdncnedsecécfrecmannw(ﬁtl on. A

possi bly uggy%g kiak). cog 0 ﬁ?:m the. cal { scles is
t he plantar- f|gXEI on o?’ep%?plgéottfdr%l &nr%a Sea Jéﬁﬁ@ iodJuJaIﬂOYVhir‘s méause t he
knee to ri §@Vifs,ofqmﬁxa1i@0!ehdupn@@:memmamlotﬁdtmg/eze liRgieioni 6f BlRALr acti on
ensures th P ups scles are stinmul ated such that
there is n@g @'n@tg%f%%%gz’ﬁgﬁfjg ? %qg'nlgl ﬁg’ FAMPI,RATIPRY STHIE'S PN nul us may
be appl i edpahade):tdryedmw&t@Jdl@hg@ﬁd(@ﬂlﬁ%dp@ﬁen@ém&@%@diﬁd ¥tahHiggsol eus
and/ or gastrocnem us nuscl es. | ndi rect stinulation of the | ower I i mb

nmuscl e e ved b eIetr| Sti Iatlo of thelateral popl it eal
nerve ‘?n t ggr]eg %Escfeﬁ h%epé’f) Piab tIthé’ E’ﬁl gitfiqushatint pItaiRner

mar gi n of éﬂnbodiun(semoﬁmmv@tswsﬁimulahﬁhb%e éﬁfﬁkié &%/Ef@é'tﬁwu%%uiﬁaﬁﬁe' nner
side of the tesgon of, the biceps fenoris. Additionall é@ i ndirect

stimul ati oR2¥MIFRE PolRerdditionbatissd. dS ey rbsclas amearretesaelnvesg iel ect ri cal
stimul ati o;glnﬂfscgﬁaee,ﬁmgg fﬁlmfﬁ’qmbk@rﬁbi@”ﬁfev@al%ﬂﬁttcghdlér 1%{;@&@{1? d| ally from
0s

the | ateral popl iteal nerve in the region sa. A second
sti mul us E ied to shin nuscles convenlently the tibialis 15
anterior. ?tém'é BVVtQ?ea%‘@glﬁr%ﬂY taufhesmugclappni indirastisniia sireolatidy to t he

stinmulass afpl 48@dblondDe ffcﬂflé(xa%bﬁélée%vogéd%pﬁza (ﬁ?ﬁ’%' feﬁtt[{rgrn%%”“sc' €

alone will pronote blo | ow t o sone ext R/ pur pose
of this sdBBrewst ilimA atusgniattgetlw BICERERING unenen gealidsi rmthmm&afmnt the

Appllcatl y. sterior calf nuscle ma havethe
unwant ed ‘er ngcsj'tanwh%%gmééﬁg\?engr %e%en{n 8P F'RE eﬁﬁ‘ﬁﬁ @C'f%ﬁ%m

Appl i cati omdlwﬁuaisstegwdﬂass bbHbothe n&iusn am:lSzmhemm;dnbnﬁ@h@{g?rré@@nre&ﬁ‘é’nt”we”E”t

of the an 'ﬁ éso te c!aused ?% C(% ctl on of gﬁcalf muscl e, so keeping the
ankl e and H‘é’?e FREST PGty e| PRPTAPIE ¢\l rgteraRGenDier®in &n of t he

| at er ab p&]bh‘ltjﬁﬁ@ln ofes mScienlstehi%nt‘d@Qlt@rén%mpr@s both direct stimulation and
indirect stimulation.



popliteal fossa, has the advantage of initiating the contraction of both
posterior 25 and anterior lower linb nmuscle groups froma single

stinul ati o%ggén} Such simul taneous stimnulation results in isonetric
contraction’ H¢&3%he ankl e and knee joints woul d not BETGHPOLIA3
nobilised. Stinulation of the |ateral popl iteal al SO elicits contraction of
the foot nuscles and hence the so-called "foot-punp". Additionally, the

surprisi ng advesHipigenaési %k&étfedteafsédimhiim@acﬁﬁn shde haégedls papl i teal
nerve is tha the resul cular contractions are entirely conpatible
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dual nedi al _and l.ateral pliteal nerve stl mul.ation nay result in near
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enhanceq ef fhecmnémtaﬂéi ek isld ¥f Be %antd?%é%éep%”@nf et A‘é@iﬁ%ﬂé}!yﬁ“m’s’

and by extension, ment of venous bl ood out of ower entrally

t owar ds the'“éfH@BtrTﬁWr‘UifQO’TWé thetlawar jmér erussiep tenprd §le§"ta1’e@é‘a$\@dﬂ by

adm ni st er i B@cARaPLGALIEHERbf QH%C' ggtrical
stinmulus may be at a cur[rent oéf Hﬁﬁé}(}%hg& O@Ch pre%é § 88@ Yo 50 m,
mor e pref er i@myihe [afel’aﬁgopﬂé@aim&msthepegahem&ﬁa/pch}:émmeaﬁssht0 20 M. O her
exanpl es of stimulus currents i ncl ude between 15 20 and 30 mA. The stinul us
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preferably a pulse wave orm e strmul'Us
to 100 Hz, prtefier aBigferably the 86cdix strmumspwsefaepaéﬁ 361r6uﬂarte@;u§@ Kz theand nore

2o S 2L Shblbe Babi s TGS B L, i RS il © © > °
enbodi nent sproh”rtﬁeftﬂ@@ﬂﬁlﬁwytmaym@eiteam aﬁwdu?hﬁﬁhek‘érsméﬂﬂ pl]ﬁfo%epéfefh% abl y 40
to 50 Hz. Alter at,iv a%@astlrmlus with a fre quency fromO0.1 t Hz

from0.33 t¥ t Fsledrreyhel prwanted itﬂ%lﬂﬂ%m%qﬂéﬁwﬂﬁﬁwf@pehd on
the pur pOS%tm;Eu:w%nWEtb@Qestém d%%sr'n[l@tqe . Ca%é)ﬂfecﬂwéﬁ?éi@s@fe @‘Fetc't 81“ ' t I's

30i ntended to cause, gener al condition
wei ght 4 causing movement of the ankle Joant Apphcaticn of a stimulus to the shm

muscle wiil counteract any movement of the ankie joint caused by contraction

of the calf muscle, so keeping the ankle and knee joints relatively still.

Alternatively, stimulation of the lateral popliteal nerve, in the region of the
popliteal fossa, has the advantage of initiating the contraction of both posterior
25 and anterior lower fimb muscle groups from a single stimulation point. Such
simultaneous stimulation results in isometric contraction; hence the ankle and
knee joints would not be typically mobilised. Stimulation of the lateral poplitea!
also elicits contraction of the foot muscles and hence the so-called “foot-
pump”. Additionally, the surprising advantage of selective stimulation of the
30 lateral popliteal nerve is that the resultant muscular contractions are entirely
compatible with standing and walking. An additional benefit of this mode of

indirect stimulation is the invoivement of the muscles in the sole of the foot,



the patient, anong other factors. Specific exanples of preferred stimuli
include 20 mA, at a frequency of 5 Hz, 30 mA at 3 Hz, and 28 mA at 1 Hz,

Q her sti j course be used. The stinulus may be applied for a

dur ati on lr;bé{’ltdv\zé}gaz%a%fénd 1000 ns, between 100 and 900 ns, "HhEFREWHI98H and 750
ms, between 350 and 650 ns, or 5 between 450 and 550 ns. In certain

enbodi ments, the stinulus may be applied for up to 5000 ns, up to 4000 ns,
up to 3000 ‘Meichdavapees OO0 tosonGitue sdbstabiiaiystormyarbecalseBlooadainm this

Gher prof e deVa G, il Piragr e voihes bl BG0URESH PhGarard i e
enbodi ment syay, ebtiehtidrethedtogdiéDise By alfvs SRl BheEXaTRIE {d 950 25 us
to 800 us. Characterbtati cs of the stinmulus may vary over time. For exanpl e,

a single stPri9FERR{IHR R Meticeable s aenaRtion emidiSenirtatt wherotisehéo

stinul ug. Rredgsabhisdideshiedigase 1s gradual up to a peak; the stinulus may
then either be maintained at the peak; termnate at the peak; or decrease

in a gradual 15 nmanner, Alternatively, where repeated stinmuli are applied,
characteristics of the stinmuli may vary between different stinuli. For
exanpl e, successive stinuli may be applied at increasing |levels of current.

Agai n, theSﬁaSe_tIm@c%%hVi%:ﬁﬁéﬁWWhef@é’tahBﬁ@eﬁﬁewHRh? 2 RS pr%tr%qggt%';tgy’
fol |l oned b){ mai nt enance at that peak or decreas _?romt e peak. A cycle of
i ncreasi ng '8¢ | MEFIA! nRAPliRA! regsua way abe oplimuleiecht eitheredn isolaprrefar ired

enbodi ment sonRedticntili Sl | : t tiple brief
pul ses. Sti ﬁul i n;aoi‘ “Atl)ﬁewgﬂgﬁ)ilﬂ:ago gtﬁma%g’%redfggx})?pﬁ?/e%ﬁjelp‘g%ﬁ Fgeﬁesr?% V?%éonrruscl es.
For exafpl &f dial rnediahmpdbisteipbbppliteal orget sbmmEtion( agglesalti & péat he | eg.

Such sti muli,,.r» ' i qul t aneousl or ef erahl y ,sequentially such
that a 'M\sﬁea)&@%{f %gmgteﬁ%ﬁ?th%réﬁ%éeg’éveéltémﬁlgmﬁ‘éu'%ﬁ?’elﬁ?‘gf‘éF%Bﬁ%“cﬁ%h a wave
proceeds upfiimiahcyonad dadtivity bdyotaf tHehealfadh®ibot Tehsusvdiengl faed werves to
generate a ctorrespondi n ?ﬁﬁ? of r%scl e co&;hr action which wave may help to
pronot e bl 858”18105\7\}1%9%“ BhY&iRvs Riged pyhelde, lowar pner estedly dawatisnent s of
t he i nvent thenatedeghémul us is applied at a single point on the leg, to
stinulate the 30 | ateral popliteal fossa nerve, as described above. "A

single Oilfl " na% i pcl ude stinulation by nore than one el ectrode, for
exanpl & a é%i?” '?Od;d%f? R HRINPEGSt rereaiedyt pdaaystennd rera alestficdi ent |y

smal | sepag@hiuion t6 iy mesa|pl e, 1-3 cm or up to 2 cm such that the
stinulation is experienced at a point by the user rather than over a |arger

ar ea. . . . ;
A typical electrical stimulus may be at a current of between 0 fo 100 mA,

preferably 0 to 50 mA, more preferably 1 to 40 mA, and most preferably
between 1 to 20 mA. Other examples of stimulus currents include between 15
20 and 30 mA.

The stimulus may be an AC waveform, although it is preferably a DC
waveform, more preferably a puised DC waveform, The stimulus may have a
frequency of 0.01 to 100 Hz, preferably 0.1 to 80 Hz, mare preferably 0.1 to
50 Hz; and more preferably still 0.1 to 5 Hz. The most preferred frequencies

25 are 0.5-5 Hz, 1-5 Hz, preferably 1-3 Hz; for example, 1, 2 or 3 Hz. in other
embodiments, the frequency may be from 30 to 60 Hz, and more preferably
40 to 50 Hz. Alternatively, a stimulus with a frequency from 0.1 to 1 Hz, or
from 0.33 to 1 Hz may be used. The precise desired frequency may depend
on the purpose of the method, the desired physiological mode of action it is

30 intended to cause, and the general physical condition, age, sex, and weight of
the patient, among other factors.



Al so provided is a nethod for diagnosing conditions characterised by

i ncreased peripheral vascul ar resistance, the nethod conprising 5

adm ni st er nore electrical stimuli at a first uency and/ or
current tokw%gz ura |ty of |l eg nmuscles sufficient to caulsIéE/%%Z)%@?
contraction of the nuscles; and nonitoring blood flowin the |eg to
determ ne whether diastolic reversal of arterial flowis reduced or .
prevent ed adiiaiic peamplrerdlprefagedistimuti ésilistean0 enAsar e deoadncylsr kg, met hod

may further sti.mul ati an _and_noni torin steps at a
second freq%%ﬁgéﬂaiﬁfbgﬁigépﬁ# Pgﬁdbgﬁré"? ﬁ,rﬂ@ypﬁ%oqré@ P Us€df r equency
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reversal of Thir stenilab ridyobe apgdilet for aducaiiconbetiveperd pherabo was Gebdden

resi stance. i ch o ive sonme information as to
the severi tTyO-Bg ({169\6%1%‘80H\Aﬁqe@n%éfﬁggnﬁbnmf%‘%%? t3vEr 2RbRBPI® @onpari ng
the | evel dietheeyuesicundnsimms: Uhr e8tain edbbdBmehts ehbesimiigduahy ¢a or
prevention of .di st ol of arterial flow and/or reductl on of

|
peri pher al applcd o i tﬂgﬁé&gﬁgﬁw P HOPREN$ . uets 3P@R . & Uprio2008ahs hy
control patdwat duldidhd maPics (E4: HShR ﬁ'fséﬁs}:ﬁgﬁ@eﬁsiﬁd’%ﬂ thko%tglg%f glve sone

indication as to the severity of the condition Cont F ol pati ent
may be sel #étiRH Ydhainede padiocndntanded ipapeiceed duta‘t@npaualte:tﬁfroml o)

provi ded aq@%cy@@gﬂgo t t hod f pro i ng
circulation in a patiént aﬁfl?ﬁ%% ”Lear tyteggﬁ(?flt?sr %w@?%%%&?o%egg%ﬁri si ng
adni ni dter iengmpieeiram Zrﬁ)ptsetoeﬂﬁbgnm cal stimuli to a plurality of |eg nuscles
25 sufficient to cause isometric contraction of the nuscles. As noted

above, ele L I tion of the nmuscul ovenous rormt es altered
bl ood flow%taaﬁcg%rﬁszlcs i %ﬁ@q% BOh&PIYCPYE T Wepaptcﬁ’e Maw A rgndear t

condi t i onsstifhesheay lno@m i @m:reﬁﬁbﬁvérﬂﬁbltﬁﬁaﬁ‘cﬂ{ df 8 aMmhgsd. Pr‘éFé?Qfﬂngt ed
cardi ac ar [ est, arrhythm %!ﬁibrac ycardi a, or angina. The neth y al so be

Used as anSOMYEATR 1§ GIBGHAINR |'PAR RPN NEnBIDHEE BreYCthed sEhe best Al so
provi ded i mamtsig¥HCa Y pHER idAmM-RTRE i (R &% W%@Hé&%a%é‘ i é’gqtrég%ﬁ having a

heart condition, the device conprising ast one eléctro
adni ni 5 er MAgNan Alleseativedal whare rapersed OBUUprbloaI@d abalgedw@ermrcsttca opatient; a

power subPik SRMSRAAILS dwblR abrsh SRRy 0% AEa0! LRl IEANS FOr

activating the ectro mnirster an el
muscl es sumf*v@ﬁeﬂmilt’-‘@ at iwseasingeiensls of esrrent. Agatonhesciudcesdies siraah | y. The

i nvention ch a.device in conbination with
a defibri I'ﬁg?%cpé%ét‘gfﬁ |p§8 Wc{aﬁﬁy 38%@%9‘%@8[’%‘8@‘ gt akraak plator.
Furt herI asrpreaseofiotrhéheppealenh tyekenf iimiteaShgtRirk@i iy pRIbhiA8LIPN of
corti Cﬁ) number of times. In preferred embodiments, each stimulus ls_a single pulse,

rather than muitiple brief pulses.

Stimuli may be applied at a plurality of locations on the muscles. For example,
stimuli may be applied along the main (long) axis of the leg. Such stimuli may
be applied simultaneously, or preferably sequentiéify such that a ‘wave’ of
25 stimuli proceeds along the leg. Preferably, such a wave proceeds upward
toward the body of the patient. This wave effect serves to generate a
corresponding wave of muscle contraction which wave may help to promote
blood flow away from the leg. However, in preferred embodiments of the
invention a stimulus is applied at a single point on the leg, to stimulate the
30 lateral popliteal fossa nerve, as described above. “A single point” may include
stimulation by more than cne electrode, for example, a pair of positive and
negative electrodes, with a sufficiently small separation (for example, 1-3 cm,

6



bl ood flow in bone. As noted in W2006/ 054118, the nethod of isonetric 10
muscl e stinmulati on has been shown to pronote cortical blood flow. W have
si nce di scQuehRfmnand denonstrate herein, that bone oxy. ' bone
perfusion are increased by use of the nethod. This all o‘g\/\gﬂ%%%ﬂg&éﬁ?l ctive
delivery of pharmaceutical agents to the bone, particularly those intended
for treatnment of bone disorders including osteoporosis. Thus, according to
a 15 furt he¥ uRsifetemomuchéhairtes stimulativens Erperidrercd atsa poin bgeite aseret hod f or
i mproving admi.phstrati f i caments for treatnent of bone disorders,

t he net hod %&B#@bi%kgg?ﬂ‘%%{%%ﬂ ng said nmedi canent to a patient, and

adm ni stering one or nore electrical stinmuli to a plurality of leg nuscles
suf fi ci ent Algp qrageed sisnet methodnfor adiagoosing  toveditmse | @mradidri@nhayce bone

20 f usi b ' be . is. Al i ded i Ki
For "cr eat mNTHT tho e AT oPecliEt o Ter Setmpr 1168 ngme IRt CamAredor .~

treat nefit afinanierieg dnsardesreagidemcslesings a&%fét-ﬂe?giaﬁéybmf chFﬂ@?ta ectrode
ed nuscles of a

for adm'ni§teritn an electrical stjinulus to opposed. (
patient; a %%F%@pﬁﬁﬁ%%ﬁ@%aﬂ I8y PhzausPelsPrsdés canBaglionosft el neans
for activatiusgleB5ahe nedmieting dHodfed i M 1y toPRe@hRftd s!wﬁ%e%ia{%}ﬂ}}iﬂs to the

muscl es suffici ?nt to cause the nuscles to contract 1sonetrica | mpr oved
perfusi on MRYFSA Y BEerias dpw istigdureg oo araenied i aslyr perighenal eatcubagent s (f or
exanpl e f oreqiReh &AL bABELNY purposes) to tissues such as the bones,

tendons, |iganents, etc. An aspect of the invention therefore provides 30 a
met hod_for_jnproving delivery of contrast agents, the nethod conprising

admi ni &2 er THY nesthad domx fydter ppamriseorepepting & stiamdatignand steriongg one or
nore el ecLl td i I |1t I scles.sufficient to cause
i sometric %:%H%?Aatc?iéggwg f{%g% Pru&éﬁngédra%{ﬁpéenrtm%ﬁggal%tépgwmgortpeo &L agent. A
still furtheguenspectl/afcurieat ranwentitorfieel retiastidrooc pesvehiion bhekapyle As

denonstr at i of the t hod i.ncrease eri pheral bl ood

i rour at oveftal 8 Mot foblad R PRIIER & FRBSG VRS i cheiansa. Thso

i ncreases Iskelrattverigietidd uceurahesegive seomeinfdrimatisni 43CIeRs alver tgeo?@h@f fects
may be 5of benefit in the cosnetic treatnent of individuals. For exanple,

the efFect® PN ncl ude reduction of cellulite or collagen deposits,
i nprovenent of skin tone, or inprovenent of skin condition. Thus, the

i nvent i on Teowiadesd sayeiund@r fcomplife CmiRiring HeCRVEEBE fidbudndabh&Bl . the
nmet hod conpri s% ng ad%raunl stering an electrical stinulus to at" [east one |eg
nuscl e of EMGEEiTBRYIELP | HashiredBCcionuse RIREEHinscloé disgoloneyarsal of

| Somet i calreriel 6 @AIBEHGedneH SE el abe. 8P EHIE ] WAMEEMEL on of

cellulite or collagen deposits, inprovenen ne, or inprovenment of
ski n condi'efigred inaskeaihgaoatdl pafieat.ldgaif, dhisbeay byiptdiegregse, a toedifiont 15

conprisgi ng,a.Aevite. 1,Sd Leas Ieéro for adm nistering an
el ectrical _{i err% ntqu Irﬁ?&%%g?sse “ﬁ%g"%ﬁi‘@"g@%o?o di %’f?ﬁ?ﬁ Ee%{ﬁ‘ﬁ&%hoguppl y
connect ablpatient maebelsetectantiey amtwba otremivisel conpanablbas tas patkadti ng t he

el ectrode to adm nister an electrical stinmulus to the muscles sufficient to

cause the : iso ri.cal ly. 20 The device described in
V020061054 83%%8@3%‘2‘%3@?‘92‘?n“h§|‘%%%?’8&8"%%% Bu? é?‘?tgﬂé RPN be used.
V¢ denonstiratigtidrereian mieat Sfaoingng Bpeei ddrelithey sheehREAPdBnGRRINgIUr at i ons
whi ch are erceti ved as nore co%{ﬁ%rtaqlﬁl e, by users. The present invention

t her ef or eaﬁm}? §E49 L e JBOG A gSt‘ﬁBﬁ‘i {9 e Phtialit egfatgoy &1uscest r odes for
admi npst esifigienn t@lRekei itaincll sbhalids sOHRPRARRES &% ’Hg&% 8Bofd, 2
patient; a powe[ suppl.y connectable to the el ectrode; and a control means

for activaECHat HENYRERH PhHlesTHEClHeNRNGUS tReMmAraseles miteedd Wopdilbws to t he
nmuscl es sphfidrpl ehidhoneIUSE dehenBHs f ; - IS icalkly, wherein
one el ect rHode subs_t_an‘{ni%gl ?y encfiosigll ?ate’é@?ﬁgér%{ga%ah IR E 2 Th
heart condition may Include cardiac arrest, suspected cardiac arrest,
arrhythmia, brachycardia, or angina. The method may also be used as an
30 adjunct to defibrillation in the case of cardiac arrest. Also provided is a device

for use in promoting circulation in a patient having a heart condition, the
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By "substantially encloses" is neant that one el ectrode surrounds at | east
3066% preferably at |least 75% nore preferably at |east 85% nore

pref erabl y va$ »d16#543,90% and nost preferably 100% of theg.p 2‘1;5@}0?{7 pf the
other. It is not essential that the one el ectrode be englre y enclosed by

the other, although it is preferred. It has been determ ned that this
arrangerrent of electrodes |eads to inproved perception of user confort.
5Pr ef er abl ydeYiee poxnprising altelsasbdees elestrad i far | gdremidteses arhelaste:gmll ve

| ect rode. ctrodes are in the
goﬁcent ric, é%é@%ﬁg?@ﬁ?%ﬁ@ @8%@% ﬁk gc,patigf'f@l gewer, ?1“%%8?%”6‘?%@@3? ect r odes
are gener al ihe ekcnod; @,ndpai ebeﬂralhhﬁammr@tlb?t:wg?ﬁ ele&tr@@?% faﬁgﬂilsiﬁﬁ
t I 0] a 100r shap era one el ectrode has a
v gor Car on®® PHRCTRA " BiHubS obe e GREEs: SHREHT o7 e eatfom s fode i s
the posigi vaarm‘aectrmd@no&?@eﬁelreammﬁm aReNbiQldedeaNg: LSmBRAKY %rcﬁda t 0
adm ni st er %g AC el ectrl cal stimulus. Preferably the waveform of

current is HRYFHETINRBINLRN K érﬁelﬂpf'“aﬁgr Aieradivelvothe gevies oey i@EﬁUfﬁGhl tial
(positive) pubsgirtor arge magnitude and short duration, followed by a
(negative) pulse of small magnitude and | ong duration. The area under the
curve of the two pulses wll be equal. In one enbodinent, the initial pulse

is of a gerFél”H]qf'ya@GEtér@ tﬁﬁ\%%ﬁﬂhm\ﬁefﬁ'@ﬂtrﬁ@ﬁe 4 fhee mastificetien of esdival
Lnvention Rigyd dew i B6HS.CRs GRARY i hG2B05054 Y, £ ARMACYAILHRy AL ect T odes

for adm nistering an electrical sti neérveé i nnervating opposed | eg
muscl estlof raugele |S§muiat@0 fs eercshsen s pnenoteccaricd! idedd Bowo¥ve ha/erruscl es;
nmeans

2 Fouer U SRARRRLA0kR Lariohgy pCPL ER S B TR
el ect rodes mﬁtsmparatmdmdwy 3B8eMf the method. This allows more effective
delivery of pharmaceutical agents to the bone, particularly those intended for
treatment of bone disorders including osteoporosis. Thus, according to a
15 further aspect of the present invention fhere is provided a method for
improving administration of medicaments for treatment of bone disorders, the
method comprising administering said medicament to a patient, and
administering one or more electrical stimuli to a plurality of leg muscles
sufficient to cause isomestric cohtraction bf the muscles and enhance bone
20 perfusion; The bone disorder may be osteoporosis. Also provided is a kit for
treatment of bone discrders, the kit comprising a medicament for treatment of
a bone disorder and a device comprising at least one electrode for
administering an electrical stimulus to opposed leg muscles of a patient; a
power supply connectabie to the electrode; and a control means for activating
25 the electrode to administer an electrical stimulus to the muscles sufficient to

cause the muscles to contract isometrically.

Improved perfusion may also be useful for improving delivery of contrast
agents (for example for medical imaging purposes) fo tissues such as the
bones, tendons, figaments, etc. An aspect of the invention therefore provides
30 a method for improving delivery of contrast agents, the method comprising
administering said contrast agent to a patient, and administering one or more



25we have found that this provides a preferred degree of stinulation. The
el ectrodes may be of different sizes; preferably the positive electrode is

| arger thagotdgpegati ve. This provides a higher chargepgﬁgﬁk(}oym%t’lst he
not or point, and greater capacitance overall. The el ectrodes may be€ silver

el ectrodes. The el ectrodes may be continuous, or may include holes - for
exanpl e, the el ectrodes may be solid electrodes, or may be in the formof a
mesh. | n prédriedidstentod® mentusality é ldevinveclenmpfiided @ tdwesd Bomedtibst r at e

means. The 2 RaRY e HETECRE A RES e e BeARNRD SRR et gured to

activate the el ectrodes as appropriate. The power supply may be an
el ectrical Aedtll, foiersagsat ave the iprefterabbiptdd dri bbametinitthempystAset chabl e

- this red S f the. electrodes, cracki ng or breaking. .Fo

exanpl e, t#‘ceé?‘i"uff%"’?t%%% eﬁeﬁ%w bgg% Pﬁe{hr?oﬂpﬁglpijc l%@ﬁ%f%??”%ﬁe bé‘?‘?é%t rodes

may be di r etligtipn; intpedicdraitthiaticn s iheadken. e @RMMRINiLS MredidsdNg Mmeans
(for exanple conductive tracks may al so

ad . .or tanpo.printing). Simlarly, S.
be pri nted t%rHB‘BrattH@ ‘@rlﬁr}gtcl”g't”@g?‘? 'Sg')égferaéﬁd- %T‘%Sy%%ﬂfﬁ%qw 3y gt brnafiin he form
of an el ongiad @osirketi® tRatrheMIsEIndMduaid, Hored e fiedes spaasthal anaiddhe strip.

Such an arrangenent mah/ require a 15 conductive track to be placed fromthe
pover suppF§digionnal cglyliieroreFeltagesdderppissiimprevasentt of sk iens, eor

el ectrode. ihBryHRflrRd kP BBRLon | RRuSCHC RvBRYG] WbAGL: SOMRIASS sgne of

nmore insulative strips or regions arranged to sep he cO ive track
fromthé neaswetielteertmede of isnpatiant, vbe sneithod maypaking administedad dne

arranged al -t he, S, O, ib to prevent current .| eaking 20 outside

the area of R':rt&ﬁﬁe(’lasflfé’ Fiﬁég%,bﬁot getrk%ggti @iﬂf% ngiﬁ %d%liﬁalﬁgﬂf, Sr}ﬁ@egﬁ{?s? e may

conpri se atiremessied tg ot Wotbtricalyi The aosaatu otbireertmi@kbaaylebrdl ocat ed;
the track fromthe el ectrode, In certain

t her eby setvin Q..Separat e, ,

enbodi ment o%%c@g\t}?:&@ ﬁﬁ@ﬁ'ﬁ%of‘,ﬁﬂlﬂqgﬁﬁr @?qud)t_sbé“ﬁ’rﬁﬁ?@ﬁf‘hﬁf 8KIpfoRe. it i ent,
for exanpl pnprioveh@ht adieh S4RELEANEIBINiIdetNs B MOMK BehErheBDehktiit N
25chronic indications where long termuse of the devicé is required. The

devi cel} ur CHBPIIEIBAPT 08¥6e LEBHEING Pl teags | ongvelerijpdr) femadminigeringas. The gel
i s preferaflayyi i ' VA h.eleactrode r e of
manaf act ur ooacab LA, f RipBeSed gy HRdes U hE St Boweh S4B *a
si ngl e pi ee@NrsfctaEe torihe ectisiad anbas edntorl nodrensbior lactiedingtthe ictactofiet he

i al d : : Kk [ ' h h
ol fvery 1 oararanesr o2 aibfice ShmyERL RN oA STtkRal i e BE H or ogel or

si |l i cone. mlscies to contract isometrically.

20 The device described in WO02006/054118 includes certain electrode
configurations which may be used. We demonstrate herein data showing
specific novel electrode configurations which are perceived as more
comfortable by users. The present invention therefore provides a device
comprising positive and negative electrodes for administering an electrical

25 stimulus to opposed leg muscles of a patient; a power supply connectable to
the electrode; and a control means for activating the electrodes to administer
an electricai stimulus to the muscles sufficient to cause the muscles to

contract isometrically, wherein one electrode substantially encloses the other.

By “substantially encloses” is meant that one elecirode surrounds at ieast
30 88%, preferably at least 75%, more preferably at least 85%, more preferably
at least 90%, and most preferably 100% of the perimeter of the other. It is not



The device may be assenbled as follows. The flexible substrate may be
produced as a generally flat elongate strip and a recess formng a

conpart nmen Th ctrodes and conductive tracks are then printed onto the
substrate,%g)an@ﬁgg%omer supply and control neans placegc?ﬁﬁﬁmPﬁé”Fécess.

5 This serves to connect all the electrical connections. The recess may
then be closed, for exanple, by sonic welding a cover to seal the power

supply and sgsnitial tHaeasohdbRclrbge hecafvely BRIk Y B8l othsr, RItAGSSh pver the
el ectrodes. The device may further conprise a locating mark to aid correct

pl acement % Rig®refoThe device may include a press button for activating or
deactivating the device. The control nmeans may be configured to provide a

plurality oft hagtievatdeddniREE S {95 LHAgEent ¥ sBclbdderant Sthpmelali on
characteristics); the press button nmay be used to cycle through these

nodes. The RRIGEEECHB\USSAEPIGEta di spl ay neans, such as a |ight or an LED,
to indicate the selected 15activation node. Preferably the device is for

reduci ngs di paddlabfy fheW JR¥RES JllectiddeC &lubdiRtSMPodhaBaLs {Hae daulice may be
di sposabl e; for exanple, after a single use. The device is i'ntended to
be sufficie®efyodsml | and light - for exanple, |ess 20than 10 cmin |ength,
and wei ghing | ess than 100 g, preferably less than 20 g - so as to be

hi ghly port@abkgme khibsnihe GRVELRHERYSs b@rgomerfﬁft% &g 0ofSohle@ngenper

little or no noticeable skin sensation or disconfort when activated to
stimul at e nibstantiednt eaentic. GRICE DESURIPTIION eRcTelfeDRAR NBser2tFi gures 1

3 sh il - in.t
subi ect s atod P e Bty e P el el Al P B oA e SR speed of
ski n blwod 4édldwhepesti nul ated and unstinulated linbs at different |evels of

stinmul ation.
Preferably one electrode has a larger area than the other electrode; preferably

the larger electrode is the positive electrode.

Preferably the control means is configured to administer an AC electrical
stimulus. Preferably the waveform of the current is asymmetric; conveniently
15 the waveform provides an initial (positive) pulse of large magnitude and short
duration, followed by a (negative) pulse of small magnitude and long duration.
The area under the curve of the two pulses will be equal. In one embodiment,

the initiaf puise is of a generally square waveform,

A further aspect of the present invention provides a device comprising positive
20 and negative electrodes for administering an electrical stimuius fo a nerve
innervating opposed leg muscles of a patient, so as to cause isometric
contraction of the muscles; a power supply connectabie to the electrodes; and

contrci means for activating the slectrodes,

Preferably the positive and negative electrodes are separated by 20-30mm;
25  we have found that this provides a preferred degree of stimulation.

The electrodes may be of different sizes; preferably the positive electrode is
larger than the negative. This provides a higher charge density at the motor
point, and greater capacitance overall. The electrodes may be silver

electrodes. The electrodes may be confinuous, or may include holes —~ for

18



Figure 5 conpares skin tenperature in stinmlated and unstinmulated |inbs at
different levels of stinulation. Figure 6 shows oxyhenogl obin | evels

nmeasur ed i spectroscopy in the tibia during stinulation cycles.
5Fi gur e 7b?s(/t?02r\9vi5{{ﬂ?ﬁ%gchange i n deoxyhenogl obi n I evel s i n""aPEPFEPPERES during
stimulation, Figure 8 shows a first desired el ectrode arrangenent. Figure 9
shows a second desired el ectrode arrangenent. Figure 10 shows several

el ectrode astzangeneet slet@sdeROmayt beRdir SeddodtOWs a8y BEBL ML iRRYMet ric
waveforns tested. Figures 12 and 13 show results from el ectrode and

wavef orm cdRFdMt testing. Figures 14 to 17 show views of an enbodi nent of
a device according to the present invention. DETAI LED DESCRI PTI ON OF THE

DRAW NGS 15A teféred dbo@h@aty, iealibyics bhihiatd Rdick@le JUSHARS ohsyilgscr i bed
in detail in W?2006/ 054118, and the reader is referred to that publication

for a full HESEPHPEHJIAEsTeqiinsiegethecrowehaupplesand theneentrelomenss.pfherari |y
based on a JdUMIBEmOindNRAPeLt e, eé){?‘?ﬁéié, oty eé’orTﬁE;HfBu“%@ aoéﬁv%aféatthgnd
es ularl'y preferred

sim | ar devices, although we also cribe a parti _ _
enbodi nent §cttdsiesdes sppropgeien Thei pdwert hapgh Maneeembetticiat cell. Tihe devi ce

[ ' ok f el asticated terial
ahi ch 1 sl RO TR GRS Dol RiseRoids fe MR & o
surface of thhelettasisscatekngatreireakingr Eodiexpottd ther Sibsaatk ses0pd a

el ect rodes ,connect ed conductive wires to a cradle which is integral with
the el astié@?r&opﬁ%‘%@ﬁ%ﬁt‘?m%%unt ed within the cradle is a control nodul e,

whi ch includes a power cell, a control processor, and an external LED.
10 The electrodes may be directly printed onto the substrate, by conventional

printing means (for example pad or tampo printing). Similarly, conductive

tracks may also be printed onto the substrate if desired.

The substrate may be in the form of an elongate strip or tongue, with the
electrodes spaced along the strip. Such an arrangement may require a
15 conductive track to be placed from the power supply to the further electrode,
passing close to the nearer electrode. In such arrangements, the device may
further comprise one or mare insulative strips or regions arranged to separate
the conductive frack from the nearer electrode; insulative strips may also or
instead be arranged along the edges of the strip to prevent current leaking
20 outside the area of the strip. Alternatively, or in addition, the substrate may
comprise a recessed groove within which a conductive track may be located;

thereby serving to separate the track from the electrode.

i certain embodiments the device may be configured to be implantable in a
patient, for example, implantabie subcutaneously. This would be of benefit in

25 chronic indications where long term use of the device is required.

The device further comprises a conductive gel overlying the electrodes. The
gel is preferably in a single piece overlying both electrodes, for ease of
manufacture as well as structural integrity. We have determined that a singie
piece of gel may be used, based on the bulk resistivity of the material and
30 geometry, so that leakage resistance is much greater than delivery resistance.

Examples of gels which may be used include hydrogel! or silicone.
11



The control nodule is renovable fromthe cradle, with a pair of detents and
correspondi ng recesses allow ng the cradle and control nodule to interl ock.

The contro nd cradle carry corresponding electrical cont
sur f aces \M{%Vlor%%z&g%/‘%de for electrical conmunication bet REQHWW@"%‘SH rol

nodul e and 5the first and second el ectrodes via the conductive wires. The

control proggsgelickNghydss a@sézhﬂl'%ﬁ BOG8 Rys. aTHjéitﬂ%xﬂé)rsﬁ s@at@rvﬁ?ﬁ{éaﬁ@ store,

and a logic unit. In uSe, the device is operated as
el ast i cat ed"P@ged Sswor ngenerallyudiet %’Oh@a@r Stfmeandsu@hFEtCﬁa$ fohveirtg rast

el ectrode Idnh i GOia¢he WdctohBE af@ bk rackl AL ALORERE Rlo hhe | 1M,

and the secon elrsin con eri o
i mb. Wen subetratentand| theoshwes dwpe/n@agedntmit methe masd Bio trttereiﬁ@sce | s

automatlcal activa ted. The ore | oaded with erating
Pt oo amar rdied s agonuatial e YRRl Suieabh HiS s iR 1

pul sed DC afos2Q, rok éﬁm;ﬁ)elby $5mse/¢e§1mdg Beblereioesdd) OHe podee sapbll \aied

si mul t aneousl i mer, nodul e serves to generate appropriate timng

si gnal s, éokrﬁﬁam%ﬁ‘it%trlﬁfe?e%%(é:&ﬁ”é§ 39lds presgd avpotheraiectindsgr am store. As

the el ectrodes are activated, the user's nuscles are stinmulated to

contract. Coitddedd mmrthé}ecdrﬁmsecahcﬁcmg%ﬁrk @asig e@ridt %!@Serfnbhﬁh
el ectrode, serves to 20 punp blood out of 'the leg using the calf punp

t her eby reHﬁéing pool ing of the blood. Contraction of the anterior nuscle,
caused by the second electrode, is intended to reduce unwanted novenent of

the ankbe byecasntsrhal anaidg 4 ees%oaaﬁéﬁttfb%cﬁvaﬂ of Rbchlihgec! €.
Si rmltaneously wi_it h each activation of the el ectrodes, the LED on the out er

surface of deWee cdrer §P”W%'dm9émﬁsmébf5692%ﬁlgum ddl: Prchide pr pldralég of vi sual
confirmati gpeiah ﬁw?@ ﬂg\% %ﬁahgieoﬁﬁ( a&l'ff@ﬂ;nt-'étﬁﬁl@%kﬁggﬁdé}gct’eﬁst ?eﬁt%r' pti on

of one enbodi ment o devi c wever, a sul evi ce i mul ati ng
muscl es nmaprase ias‘.génb‘laefdbé et domyelst troniadh $thése alceietr dteSieaing a\agw tabl e

el ectrical r Lt is this formof t din the
Fo | owi ng. LR 3 il siiehpefidions 21 REbG g CepulR, P herSdeiay o
det er nihe bbwvatbhesdd.of a novel nmethod for enhancing | ower Ilnb bl ood fl ow
in Heal thy Adult VoI unt eers bj ectives: The primary objective of this

study was bPefgy%lly e t:iewce is for reducing diastolic flow reversal.

In certain embodiments the device may be disposable; for example, after a

single use.

The device is intended to be sufficiently small and light — for example, less
20 than 10 cm in length, and weighing less than 100 g, preferably less than 20 g
— 80 as to be highly portabie,

in use the device may be operated so as to engender little or no noticeable

skin sensation ar discomfort when activated to stimuiate muscle contraction.
BRIEF DESCRIPTION OF THE DRAWINGS

25 Figures 1 1o 3 show measurement of arterial blood flow in three separate test

subjects at different ievels of stimulation.

Figure 4 compares the speed of skin biood flow in stimulated and
unstimulated limbs at different levels of stimulation.
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effectiveness of topical electrical stinulation in enhancing lower linb 5
perfusion. The secondary objective was to evaluate with duplex ultrasound

and pl et hy techni ques the bl ood flow velocity and vol une changes
associ at ed%wi tgﬁﬁ)\?g%iu ng the intensity and | evel of el ectyEEFOUIIAR at i on.

St udy Design: One-centre, physiological response study in healthy
Vol unteers. 10Stinmulus Application: The effects of electrical stinulation on
| ower | i b Hitwed thowavesy skinrigeseiagabdd stimlieabtme vestnileresirthy kg a

4- hour peri l.o d si.tting. Each subject conpleted his or her study
sat in an In Jg{“r@(’%?&ﬁgﬁfﬁ‘a@f’m ine seat. The stinulator used custom

stinulation protocols. Superficial electrical stinulation was applied to
the | ateralFigopld sbaks meyhembglobivaiessi mesdigearnsaintbrddhepapktsgaln f osse.

Sampl e Size; Vpl unt eers Envirpnnmental Conditions The exam nations were
carri ed outefh?ﬁg‘?\ cﬁﬁlpgts%n@adimnegyc aught free environnent, both tenperature

and humdity controlled (241C, relative 20 humdity 30-40% . Vol unteers

ver e i nstriiigled 7 ehdway eha chaghe ibdealastagleniaiigidlg if alltpatibaRdsuridgobacco
to abstain from vigorous exercise fromthe previous

and caffei \%ﬁ a%ﬁi.
eveni ng ondld&€"the vol unteers were lightly clad (in shorts), sat in a
confortable position with |l egs bent at the knees. The effects of electrical

stinmul at i offigume Bashervsl 4 filet beoind &lbevodesandiigshi gated 25 in heal thy
Vol unteers during a 4-hour period of prolonged sitting. Each subject

conpleted his or her study sat in an |Industry Standard airline seat, which
has been sﬁagiﬁr? :‘EQCSQIOW aoﬁ?%/ﬂr\qe%esfr@?' slante Prﬂ??%‘lgﬁ@ﬁﬁt-on. The | eg cl earance
di stance was be set at 34 inches, by positioning of a toe- bar. Each

subj ect wafiguosilOisboed senetdhelsstatic ByraagsnbatsytebRidt to maintain a close
uniformty of posture and actively encouraged to renmain as passive as can

be tol gpat E’%upey 1% @ﬁo%@%'syhgnue lrir': arl?cg g%ﬁ?ﬁ'@?ﬁé \(f:v%l./e orr%gstgggg.t_ S
Figures 12 and 13 show results from electrode and waveform comfort testing.

Figures 14 to 17 show views of an embodiment of a device according to the

present invention.
DETAILED DESCRIPTION OF THE DRAWINGS

15 A device for electrically stimulating leg muscles is described in detail in
WO2006/054118, and the reader is referred to that publication for a full
description of the device. The present invention is primarily based on a
number of unexpected effects observed from use of that and similar devices,
although we also describe a particularly preferred embodiment of the devics.

20 In Drief, though, one embodiment of the device as described in
WQO2006/054118 includes a loop of elasticated material which, in use, may be
worn around a user’s lower limb. On the interior surface of the slasticated
material are disposed first and second electrodes connected by conductive

wires to a cradle which is integral with the elasticated material.

25 Mounted within the cradle is a control module, which includes a power cell, a

controf processor, and an external LED.
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During this phase, the anplitude and frequency of the electrical
stimulation 5 was varied and associ ated changes in blood fl ow recorded.
Changes i n&@%\ﬁﬁ/(ﬁoi‘sﬂb bl ood fl ow were eval uated using rqutine non-invasive
pl et hysnographi ¢ t&chni ques (phot opl et hysnogr aphy, st r aitir [galige/ 01712

pl et hysnography and air plethysnography), transcutaneous oxygen and where
possi bl e, colour flow duplex ultrasound. 10 Changes in blood flow and

vol ume in réspaestiot mothie iprretoeeble fiem ehe argeie edith a phioaf dktamte and

vel ocity ch rm ned by, val unt ar scle action i.e. Volunteers were
be asked to8%@?%@%%“%0@6?3%%%"DFVYE@Qir%%?@}{a(% apgecqq%fqlir%d%\}%r@ﬁ#%‘;k: with
the heel onThéeogiroiunddule Bhtradie CAfy BBXESHPADINY Sichaei eahtabenpRRsSS t hat
can be obt ai ng in the si %%[i n%ﬁposi tion. 15Vol unteers were asked to

eval uate ac¥BfPaNCEAEHET eGcHIGbicPIUBsationeatveer) theGarohmasivies atiences by
use of a5 quERtfireId dRoh¥ellHlodBalidge ARSI etk Scoring index (Visual
Anal ogue Scores). Disconfort was related to nornmal neasurenent of bl ood

pressure, rT?asured on the upper armusing a standard sphygnmomanoneter cuff.
20Fol | owi ng ' PHECHEYRRCESEOS INClYdgs & WReutreues a iRt Staser & Pigaramdore,

re- exam nedaid hibgléiphiex ul trasound to recheck the status of the deep veins
to exclude the devel opnent of significant thronmbi. The study was perforned

on each subgnect at two, separate occasions which were then averaged to
reduce expelf ¥ashttB® d6vigs s mpsratas ast Blowhe! e glasicateddaer ds wormnge of

pre-set pr %@’ﬁﬂ@@eﬂ%ﬁ,%ﬁﬂqgéﬂﬂetﬁ%t@iééﬁ%@.@% irf&érg’a't':t%iit%e%rlfrrﬁu e and
he f y not or

pul se frequencies. The waveform was specifica esi gned for nerve
sti mul atd onat the regpydes limb, dnd dua senmc eesitddeuisan icontacPuits éhaapleribudes

ranged fro gﬁw it h f Ci . ranged fr 1 Hz to,5 Hz,
which is arﬂs?lésgﬂlgéftggenﬁrg Epaﬁr@tnuﬁg 405@#1?ng%%h§s%&%§gpa\ﬁ@7%dcr?g%st ot ocol s
(whi ch geneteadideyis opingatkoally baimtdatedl y hi gher currents and frequencies), W
applied a succession of 15 different stinulation programmes to each 5

subj ect dur4 0 f ch, study, _accordi.ng to a 2-di nmensipnal

matrix of atrp ipir%g&a%éosr%r%qageﬁ% ,edtaqu%haﬂnoﬁq{aiﬂgl%'Oﬁfarﬂ'h‘é”%lglegt %n of

each sti nulativete the efpcantes wash hinibulseyy add Hd blisbe Diobi zoved foy oa

10-m ngte recovgré B]ha?e to allow vascular re-equilibration prior to the
q aty®

next sequerrc&on Plecotes) &% gAY\l cHRE TBneRjishmEne: timetmadulgde/ ma

Frequency/ Henkslo generate appropriate timing signals, while the logic unit executes the
program of the program store.

As the electrodes are activated, the user's muscles are stimulated to contract,

Contraction of the rear calf muscle, caused by the first electrode, serves to
20 pump blood out of the leg using the calf pump thereby reducing pooling of the

blood. Contraction of the anterior muscle, caused by the second electrode, is

intended to reduce unwanted movement of the ankie by counterbalancing the

confraction of the rear calf muscle. Simultaneously with each activation of the

electrodes, the LED on the outer surface of the control module is aiso
25 activated; this provides a visual confirmation that the device is operating.

The foregoing is a description of one embodiment of the device. However, a
suitable device for stimulating muscles may be assembied from conventional
skin electrodes and a suitable electrical power supply. It is this form of test rig

which was used in the foliowing experiments.

30  Experimental Design
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WO 2010/076332 PCT/GB2009/051713

Study Title: A study to determine the effects of a novel method for énhancing

lower lirb biood flow in Healthy Adult Volunteers.

Objectives: The primary objective of this study was to evaluate the
effectiveness of topical electrical stimulation in enhancing lower limb
5  perfusion. The secondary objective was to evaluate with duplex ultrasound
and plethysmography technigues the blocd flow velocity and volume changes

asscciated with varying the intensity and level of electrical stimulation.

Study Design: One-centre, physiological response study in healthy
Volunteers.
10 Stimulus Application: The effects of electrical stimulation on lower limb

blood flow were investigated in healthy volunteers during a 4-hour period of
prolonged sitting. Each subject completed his or her study sat in an Industry
Standard airfine seat. The stimulator used custom stimulation protocols.
Superficial electrical stimuiation was applied to the lateral popliteal nerve

15 located in the area of the popliteal fossa.
Sample Size: 30 Volunteers

Environmental Conditions

The examinations were carred out in a quiet, stable, draught free
environment, both temperature and humidity controlled (24+1°C, relative
20 humidity 30-40%). Volunteers were instructed to have a light breakfast,
avoiding fatty foods, tobacco and caffeine and tc abstain from vigorous
exercise from the previous evening onwards. The volunteers were lightly clad

(in shorts), sat in a comfortable position with legs bent at the knees.

- The effects of electrical stimulation on lower fimb blood flow were investigated
25 in healthy Volunteers during a 4-hour period of prolonged sitting. Each subject
completed his or her study sat in an Industry Standard airline seat, which has

been specificaily obtained for this investigation.

The leg clearance distance was be set at 34 inches, by positioning of a toe-
bar. Each subject was positioned in the seat by a safety beit to maintain a

15
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close uniformity of posture and actively encouraged to remain as passive as

can be tolerated by the individual.

Physiological Assessments

During this phase, the amplitude and frequency of the electrical stimulation -

was varied and associated changes in blood flow recorded.

Changes in lower limb blood flow were evaluated using routine non-invasive
plethysmographic  techniques  {photoplethysmography, strain  gauge
plethysmography and air plethysmography), transcutaneous oxygen and

where possible, colour flow duplex ultrasound.

Changes in blood flow and volume in response to the protocols were
compared to blood flow and velocity changes determined by voluntary muscle
action i.e. Volunteers were be asked to perform 10 piantar flexions (10 foe
lifting movements - with the heel on the ground). This is the maximum

physiological response that can be obtained in the sitting position.

Volunteers were asked to evaluate acceptance and tolerability of electrical
stimulation sequences by use of a questionnaire (Verbal Rating Scores) and a
scoring index (Visual Analogue Scores). Discomfort was related to normal
measurement of blood pressure, measured on the upper arm using a

standard sphygmomanometer cuff.

Following the period of sitting for 4-hours Volunteers will be re-examined with
duplex ultrasound to recheck the status of the deep veins to exclude the
developrment of significant thrombi. The study was performed on each subject
at two separate occasions which were then averaged to reduce experimental

bias.
Stimulator

The device produced a range of pre-set programmes corresponding to
different stimulation currenis, and pulse frequencies. The waveform was
specifically designed for motor nerve stimulation, as opposed to direct muscle
stimulation. Pulse amplifudes ranged from 1mA to 40mA, with frequencies

16



40 14 40 3 15 40 5 During each of the 15 programmes, non-invasive bl ood
fl ow and vol une paraneters were neasured as specified above, vm'th ref erence

to the |evgly F;yed during voluntary nmuscle contraction, th
reference 10 1evel s observed in the contralateral Iinb. %%&ﬁﬁqﬂg/ﬂ-‘lﬂﬁ Bl ood
flow patterns The patterns of venous blood flow in volunteers were

noni t ored usi ng vascul ar ultrasound of the stinulated | eg. Representative
exanpl es ar'@ngg@wiiom ﬂnf'ﬁ duresHa- shidh gurae dignifbmvs deparmarkatroen tlneﬂ a first
subj ect at d Figure, lc with no
stinul ati on%élrgg%?% ‘Eoggwg Egoctggr)\cié %@Ctgeﬁer I&P@% SEPSBNRRY 3
Figure 2b tM@h@‘mre@ltﬂo@le:tfreqmnmatel y after stinulation; and Figure 2c the
subject at rest. Figure 3a 5 shows a third subject undergoi ng stinulation

at 10 mA, u e u .3C at 20 Hz; Figure

3d at 5 mafv?zﬂjz&,elgl éure %% Cgﬁn%d'@zrﬁﬁf %ﬁ a&'?ﬁuﬁ’@gfﬁm’f”ﬁ% @uﬁ?‘e‘bt at

rest. 5 |r$ub}e@$efueu@mtm esux’she:f@aﬁh&t@d)f mborfdmgitd aq@msvdhavw bl ood
i ncrease in

fl I bas t
on vel oo vy LANBSSEL 125, Th & YRRl Pops Sl S ot LI Sess

frequency o

applicati orstmfufatthﬂ silcgrathte. wid SMniekies idnd Wil %@%iﬁﬂ% B}/Ca! ab. L al

artery doubles and the reverse f| ow conponent s of se vvave arteri al
f1 ow wavef 8F5AVEPEPRRIROIOANEIK vassBler sareauiibration ppior tmthle()‘reXl)SeCuMCstl mul us.

Table 1: Stimulation sequence

Programme # Amplitude/mA Frequency/Hz
1 1 1
2 1 3
3 i 1 5
4 - 5 1
5 5 3
8 5 5
7 10 1
8 10 3
9 10 5
10 20 1
11 20 3
12 20 5
13 40 1
14 40 3
15 40 5
10
During each of the 15 programmes, non-invasive blood flow and volume
parameters were measured as specified above, with reference to the levels
observed during voluntary muscle contraction, and with reference to levels
observed in the confratateral limb.
15

Exampie 1. Blood flow patterps

The patterns of venous blood flow in volunteers were monitored using

vascular ultrasound of the stimulated leg. Representative examples are shown

17



Reverse flow in the superficial fenoral artery is due to high resistance of
the 15peripheral vessels; therefore forward flow throughout the cardiac

cycl e suggest sjignificant reduction in peripheral vascul ar resi stance. A
fall in to%%b@%{’ﬁﬁer al resistance (consequent of the PRECEZLETIIYascul ar

punp activation by the device) may be illustrated by the | aser Doppler and
vascul ar venous vessel ultrasound bl ood fl ow i ncreases. The consequence of
20 this is inhagureardBaico patshbendsimMudatiorcinensiest sVbjcrayezalsm, Shiywn t hat

there i i gni ficant i in the heart rate (beats per minute). Thi
my. be denonUrialedl B HE PRAFCEEHS A PHE Py RN GOdCLEHIONRE the |

change in téwonaveligen stipRiddaet 120 B Bnezessfiel 2b bhoaknhd %Wbié&tt he
various tissues i e 25 proportionate, and therefore there is an

the leg are ) . .
i ncrease i n'”lﬂ’%apem BUPT ﬁg@P{at'B’F? fne Riowsuds theanbiech@t restediiguraf3al ood
‘ . I ! ’ o | o
rom anys adjiagenk tﬁzk@?&%}rzgﬁ%ﬁdé@@%%ﬁmﬂldﬁ atnﬂﬁﬁoﬂg d3 ﬂi Rifh& 28

i ncreased perfusion o si stance of ow<can i nfluence

arterial predsadrdz fawgi Fcaldlt pat 5 distigineudd eh SohAc it &igwetdewt & o

system c Ofrﬂﬁ[@sz‘?!aﬁ&fﬁf %igﬁagheog%a?gcg%?{ Itvood 30flow to the various organ
tissues, partitioning O i ssue 00 ow between capillaries and

arteriovenous anastonoses, capillary hydrostatic pressure, and the
di stri buti di tgsebexasapies dwerainali snfouhéold anateasmipoudnans Sicidefaw ¥élbcibf  whi ch

are upregul : i | efined settings..A parallel is
T exer of sl aRdinnd R W€ o £RlabBlofpt B lg AR dn Fahaler BB %
wor k | déd, (twesdities byadiegens bioosUlopt with applioati@ses thelkendiak]l i n vascul ar
resi stance i s acconpani es by a progressive increase in cardiac output. The

device mm t.hi S..ev. W t hau ubstantive increa i n_wor kl oad and
hence ni ni rng ~ox§1%cétﬁ iﬁ&hgusﬁ%feﬁg#i?%&ﬁ%ﬁs' Sk C@ng{% §'£%I’Gr'16?\é9é§%§[°?”n

mi croci r culcatmpoyehtsoad fHeowunssy vadldi taremal | ovbewaxdbah ngd vnadete

i ncreased lééi L\i se& i @Q of%’%r,evi glﬁsg closed or 'resting' capill arygﬁetwor ks,
whi ch beco@CISNE9 Wil aPplisatiph ehinesiiiiivte. The effect of this is a greatly
i ncreased tissue perfusion and a further effect on peripheral vascul ar

resi st ance Relbise flow an tiey slpafidaliehtigl SRseny Aubad hiyhicdkibas sf gri ficant
i npact on t he cariji o-vascuLar system and_ vascul ar t herapeutics.
1 peripheral vessels; therefore forward flow throughout the cardiac cycle

suggests a significant reduction in peripheral vascuiar resistance.

A fall in total peripheral resistance (consequent of the increase in vascular
pump activation by the device) may be illuétrated by the laser Doppler and
vascular venous vessel ultrasound blood flow increases. The consequence of
20  this is that cardiac output tends to increase. We have also shown that there is
no significant increase in the heart rate (beats per minute). This may be
demonstrated by the increase in the arterial blood flow and the change in the

waveform.

Importantly the increases in blood flow in the various tissues in the leg are
25 proportionate, and therefore there is an increase in blood flow in all of the
tissues; hence no 'steal' of blood from any adjacent tissue. All tissues, skin,

muscle, bone etc have increased perfusion of blood.

Resistance of blood flow can influence arterial pressure, cardiac output,
distribution of cardiac output to systemic crgans, distribution of organ blcod

30 flow to the various organ tissues, partitioning of tissue biood flow between
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15Thus, application of the electrical stinulus can increase venous bl ood
flow, and can reduce or prevent diastolic flow reversal in the artery. Note

that this W§3sgccur at all settings; Figure 3d shows | ow reversal
when stinulate m\, 1 Hz. This effect has the pot eﬁ?T’QFZW?JPS%”\M de

range of therapeutic and diagnostic 20 applications. For exanple, as the
effect only occurs at certain settings, it is likely that the current and
frequency a@pillarien and apiedavendus analitoindeas, papillemt Bydfraytabe mhas@el eri stic

oF el 1 o ARl S RS IR st R e RN TS
di sorder s iate appadulant bth@dawe@tatc@té.y,,défm%d%ﬁgsed arteri al flow 25 and
reduced peripheral vascul ar resistance nmay be of benefit in treatment of a

range of coRdj including is rdiac vessel ease,

ul ceration, ﬂgJat&éigé;?soi ’%x%{ﬁ%lvghei %E%gg?ﬁﬁ{&%@é?f rﬁ?'ﬁ%?r%ﬁo(‘i?ﬂf?a% used to
measur e 5t heassm@"edo@d rskmurb|b@Qﬂy@ér@%néd?ﬁptF&§MbFe%s@§eT SO hAsEigure 4.
LDFqux(sgeed d up to - 1000%in stinulated | eg

conpar ed t SCHREEFF iR a&ﬁ‘?f%f’ﬂ@e%%g’{?e%fﬂe%?%‘@ difrears dheainmeautpal dée only
around baseleiiae hevpk. thk BY8RPWRhSutSKI éhﬁs‘%éﬂ&%ﬂd&%}s‘@% %ﬁé{z‘%aﬁ?aeddg Ther e

stinul ated and unstinulated | egs; the results are own in
is a sli ghthei"'%ﬂ'é%‘w‘|°Hy@%h%}3am'énéz@”@|8ﬁ“ec$tq exdraistons in the stinulated
l eg conpared to unstinulated |eg. Tenperature in the body is generated by

Tetabol | SMidideddOpmid ool ModP IBROhLY HdufiohNPbe b fith B0 L he

stinmulations the slight increase in s erature s indredlor for
i ncreadd HcRAPEM iliSeiors abeieviotply civsabor' reﬁtlmheamkang neBxanip) whithTher apy

for Osteop r m|lion osteoporotic
fractures %?%é %%ﬁé%§¥§% %f%ﬁ?ﬁér eﬁp\/\e? r%éﬁ'% '$ B GRADLITETRESER [ on per
year for ecéssuehyerdeho ane arfiiiey cffechin bdrideaht VasQuganésabhen) , H gh-ri sk
groups include the elderly popul ation, and people with spinal cord

injuries. t bone i s consta tI _ bei ng renodel | ed

accor di ng tHIS 8% hgﬁé’s%dal’ﬁ‘ﬁ%&%g%ﬁ‘éﬁ?g W&cﬁe%%ﬁ S RCE 'E"Ha@grﬁ{?et PRi neral s

f rom bone, caidicevasiyl2GysEht agenagmidrithetapetBsNr b, while osteobl asts |ay
@

down new col | agen nmatri x and

15 Thus, application of the electrical stimuius can increase venous blocd flow,
and can reduce or prevent diastolic flow reversal in the artery. Note that this
does not occur at all settings; Figure 3d shows no flow reversal when
stimulated at 5 mA, 1 Hz.

This effect has the potential for a wide range of therapeutic and diagnostic'
20 applications. For exampie, as the effect only occurs at certain settings, it is
fikely that the current and frequency at which it appears in individual patients
may be characteristic of their normal arterial flow and/or peripheral vascular
resistance. This may be used to diagnose the presence and/or severity of
circulatory disorders in a patient, Therapeutically, the modified arterial flow
25 and reduced peripheral vascular resistance may be of benefit in treatment of a
range of conditions, including ischaemia, cardiac vessel disease, uiceration,

and sc on.

Example 2

19



m neral deposits. Various theoretical nodels have been proposed over the
| ast century for the nmechani sm by which the body controls bone density.

Wl ff, in osed that bone deposits followed th r of stress
W%mnpﬁaﬁg E{:g%%%@gfﬁsslg

in the bone. Frost™s 1987 25 "nechanostat" theory sugge Bne was
mai ntained to maintain uniformstrain under habitual |oads. Mdels for
expl ai ni ng why sone individual s devel oped problens wth maintaining bone
densi ty i ni tas@riBofotridedneiy (ilkiswas Lsed temageurgthiendieet diakin ead easi ng

f th to | . f tre d strain equi red
;J zesiognal eb@%q%ﬁgﬂgﬁa‘%@gg%r“gﬁgﬁ%%t F??efwgﬂ/@{?éﬁgg%f gBI‘?QZ 'SH@‘:%rﬁES’§ ggglt ed
that there ust@~v&00%h an stonpoee g tempiredaeti=¥=00¥ andstheapefi®sisteppear s

to occur i n i nd%.vh%gal s wWithii ml)ai red L%one, per fusi on, either by reduced
angi ogenesi §9( VRISESNCHEH MAHSSATNHY O4NE F8e5!INedeMelr oscl erosis restricting
flowin existing vessels, or sinply lower activity levels causing |ess

bl ood ciy cubadmee.3 (Trueta J. The role of the vessels in osteogenesis. J

Bone Joint Surg Br. 1993). The present invention has the potential to
per fusi on of

mtigate vagcular risk factors for osteoporosjis, by increasi |

bone. Thi s S HAEITHS WESwaFasIregonFIEYElEd 2gnbRtidebrobEsS 5ol v
over comes |reBiltsahisoshdvin hoRgurPgeThérads Gaglpae ifyedRAMCRMpRRAT S HOMN!
Secondl vy, pharqaceutlcal interventions for osteogporosis can be delivered

mor e ef f ectYWRIGIGS i be 58NS lagrupargd o Naspatiaied 9. TAMPetRiyrecarri ed
out under thenSHBeY 1 shilaRl S CLARELONS D1BS dBIPIN higkedandint Rt 1)

Blood flowin the tiblra and femur are enhance _ evice Is active,
and 2) Ier gt piereidrittirpedhe stingiations ta slidhé insogrss is skinstentpepaixiciswnen t he
device is ] I; |_ohin.Jevel asured by infrared
spectrosco(|?)h;9/&‘{3é{ntsgf;c}g“?‘ﬁl%%%‘?afg1 %ggﬁa\%é{?ﬁﬁﬁgﬁg’%b@fc etﬁe(s%o seconds on, 100

seconds off%. Total 20 blood content (top line) drops during stinulation,
i ndi cating l#Be cal f punp ai ds evacuation, and that oxyhaenogl obin

| evel s rise during stinulation, indicating better oxygenation (reduced

hypoxi a) . Fir@uis, fr SRS oGS resul ts for 12 subjects summated, show ng the
mean and

Every year there are approximately 2 million ostecporotic fractures warldwide.
15 (in 1990 there were 1.66 million, and & million per year forecast by 2050
according to World Health Organisation), High-risk groups include the elderly

population, and people with spinal cord injuries.

In the healthy individual, bone is constantly being remodelied according to
physical requirements. Osteoclast cells remove minerals from bone, allowing
20 coilagen matrix to resorb, while osteoblasts lay down new collagen matrix and

mineral deposits.

Various theoretical models have been proposed over the last century for the
mechanism by which the body controls bone density. Wolff, in 1892, proposed
that bone deposifs foliowed the patterns of stress in the bone. Frost's 1987
25 ‘“"mechanostat” theory suggested that bone was maintained to maintain

uniform strain under habitual joads,

Modeis for explaining why some individuals developed problems with
maintaining bone density initially focused on disuse. In the ageing individual,

decreasing use of the bone leads fo lower doses of the stresses and strains

20



standard devi ation reduction of deoxyhaenoglobin relative to baseline. The
25 device (labelled NM5) on the chart shows a significant reduction when

active. As ' f scale, this is conpared with the reducti on achi eved
by augnent?%&“()g%%&égsuppl y using the tilt-tabl e nethod. PFTHFEXP¥0H ¥nown

hydrostatic step-change, which consists of the subject Iying supine on a
tilt table, and while strapped to the table they are tilted into a standing

upri ght 30peguitédre siyrey ivdhegmaint@ianckanise gdeast aldwieveask Har bedd mul us.
This chart rra)é be tﬁogi‘ﬁi dered anal ogous to conparing DVT ﬁar aneters with
the devi ce HHIFBEL PREWEEN'S @ vasCHRECoBPRRRITI tE?;%?gP@@Y-i 8iSCRPESEShat t he
devi ce and dppeBrf 15BYcdp MSRRINQRSANHESHpARMY ChoHH rfu%%rn?eéf&eﬂaﬁse
include: Lower linb arterial disease - Peripheral Arterial D sease
Enhanced | d®e¥ced afgipgenssi (teelipagmagied byClisdsaic atliesespirrssisFestoetinges 10 ‘
Enhancerent ; ARr er | r : - f sickle
cell cr iggesf },O‘{Mlc ls’ﬁ%gg’% %%%\%iehgfr( W%P&Pg&ﬁ?]wﬁ% %gugnﬁgﬁggvgﬁbgéovugst
procedur es circaigtion] (Tragtai hpflevicig of eatveesdls ¢f ostergenssiby J didrievdsining dr ugs

to the bon 4.0 Soft tissue injury of the lower linb - skin and muscle
brui si ng agl%d‘ﬁﬁig{:rrxcf)\@%%t ears. Sports training and rehabilitation. Restless

Leg Syndronme (W ttnaack- Ekbom's syndrone) Enhancenent of
endot hel i alThgepiesedt mveniian bes dbe gndeptiad 46 awilightenvaseueasek factors for

osteoporosis, by increasing perfusion of bone. This can help in two ways,
10 Firstly, augmenting blood supply overcomes limitation of bone modelling
caused by reduced perfusion. Secondly, pharmaceutical interventions for
osteoporosis can be delivered more effectively to the bone by improving bone

perfusion.

A study carried out under the supervision of the inventors has demonsirated
15 that 1) Bloed flow in the tibia and femur are enhanced when the device is
active; and 2) Perfusion indices indicate that the bone is less hypoxic when

the device is active.

Figure 6 shows Oxyhaemoglobin level measured by infrared spectroscopy in
the tibia, during stimulation cycles (100 seconds on, 100 seconds off). Total
20 blood content (top line) drops during stimulation, indicating that the calf pump
aids evacuation, and that oxyhaemoglobin levels rise during stimulation,

indicating better oxygenation (reduced hypoxia).

Figure 7 shows the resulis for 12 subjects summated, showing the mean and
standard deviation reduction of deoxyhaemoglobin relative to baseline, The
25 device (labetled NMS) on the chart shows a significant reduction when active.
As an idea of scale, this is compared with the reduction achieved by
augmenting bicod supply using the tilt-table method. This is a known
hydrostatic step-change, which consists of the subject lying supine on a filt
table, and while strapped to the table they are tilted into a standing upright
30 position, providing a very large hydrostatic vascular stimulus. This chart may

21



20 Exanple 5 Disconfort Neuronuscular stinmulation is commonly used to
elicit muscle activity for several different applications. These i ncI ude

exerci se, ?033)/1)’}(}532“ on and restoration of function (eE drog
sti rmul at or) nore recently augnentation of bl ood suppFy ‘t"?@s‘t’fﬁ% sol eus
punp for various purposes. NMS has commonly been used previously for

restoration of function in insensate individuals, eg with spinal cord
injury. |n bdhesesidssssanaogemiocbmparibPaivir assackaredvit iz §b8cstd mul ation

is not an | gﬁ In the sensate user, however, disconfort or pain during
sti mul at i onoPE"EAC Tssue, and sonetimes a limting factor in the |evel of
stinulation applied. In NV5, an electrical stinmulus is used to cause

contraction of a system of skeletal nuscles. Unfortunately, efferent
(nmotor) and afferent (sensory) nerves 10 are typi cally bundl ed together in
t he sane negve,conduit g onal__rﬂfens rve'ﬁ 3 resent in the
skin. This eaﬁ%re%‘a? exggtp\ﬁgl naigatesindiede i ethef &Y PaIVESE SRises sone
stinmul atsi oradifreseneRIYnibgIrtdeRts. MheseNsAidoN Si gnal s arrive at the brain in
| arge numbers and rapid succession, they may be perceived as pain in some

i ndi vi dual s. 1 Rel at| nshr have been fou bet ween el ectrode size and
stimul atory rter disgPE—i&diRhe &Rabs88s%ul ati on quality and

t ol erance are sensi t| ve to el ectrode position. These rel ati onshi ps have now
been i nvest i gatfthdnaed hﬂverth%til?mphﬁﬂ@ﬁta?rﬁ@e.i n a series of experinents. One
hypot hesi s tested was that smaller el ectrodes would be better tolerated,

20 since they % aw to target accurately the region of the peroneal

| at eral popli “t efl" '% HWEGES unnecessary stimulation of surroundi ng areas of
skin receptors. This was not found to be reliably the case in our
experinments. «Thiractlirazdi ng may be rationalised as foll ows. Current

density is usually maxi mal at the skin/electrode interface, whereas the

2omal iy Of MESHeRCSRBM ATdndnaRol PN rlelnbiS e Flhadhent ¥ 2 1N

of sickle cell crises, ischaemic bone marrow, stem cell and bone marrow
harvest procedures — as well as improving treatment of cancers by

delivering drugs to the bone marrow.

. Soft tissue injury of the lower limb — skin and muscle bruising and micro
15 tears.

« Sports training and rehabilitation.
« Restless Leg Syndrome (Wittmaack-Ekbom's syndrome)

« Enhancement of endothelial-derived nitric oxide and prostacyclin
release, |

20

Example 5

Biscomfort

Neuromuscular stimulation is commonly used to elicit muscle activity for

several different applications. These inciude exercise, rehabilitation and

22



of excitation. For a given current, a smaller electrode provides increased
current density at the skin. However, this does not necessarily translate

to maxi mal 8urre0nt density at the point of excitation. The el ectrodes are
necessari | Y UsPHCeE 3 rom each other to avoid short circEFVCBIAYERETE ons

t hrough the tissues fromone electrode to the other electrode in a
plurality of indirect routes. Therefore the charge takes a wider path in

the tissue rebrratiin t 6 fURERI agg Reb¥eesLtel @Gt lods aat}gﬁesflﬁbfb mgt;ﬂy he

effect that the charge density I's at its highest I'n the skin, | ower
wi t hi n t he d4oEegdatiofhefl klpod pebrdw EsingtheAclees wumys for Haripus maposder i nent s
were conducted with various arrangenents of electrodes to allow snaller

di f ferenti aligsbatweesmeiohieBbed eRtid Yrdlioldlf Bk BsioMif %F%Rﬁ%na‘%q \tNge

desired stinulation point.” It has been found advantageous to have
el ect r odes @¥ensipfg gddnguals Ag with gpBiaheerdeixitiry.aini ibasetis¢mediseowéort sr achi eved

by depolsar i;siingsd 18 R8LHE tgg\@i;gﬁniag?ﬁ r?%h!)tya{'@?%&, positive extracellular

charge and 'a negative intracellu char ge is the negative el ectrode
(cathode) that causes the nerve to achieve action potential. It is found to
be advant adedlis s&sgésiusebrnevaenl Hiscartfiotieri prit hduringestirselatiegiismart o be

stinul at ed,; d I - [ t. 15renove al | owi ng hi gh
current derllss%’%i/{ﬂg%j s?h%%é}afé% a’ttlﬁérﬁ&g?';@%%%}%\{@ﬁ 'W@@ﬁ%??@ “density
(bel ow action potential) generally. Arefinenent to this technique is to

provi de anddé¥Mei taheelestridel siimuine isatshdde, cayisel oantenctione lofvi dgstespoead of

(accordi ngl ar Lty .at t nodes. . Two .possi bl.e enbodi nents
of electro )e(%fe%%s gé}'t' k%%g%rg%%?eAY’le er%‘i’fr(eﬁb‘) Or?fﬁa(aéfgﬁqrﬁZs%@&pir\%ges_ see
Figurel8 - asmdypiaafjetoubbiedl togretive inegat isume nedee cbh@uf el alidgichar get

vari ant maéfahave a cl ose

d or gpen outer_circle, and may be oval . The
el ectrode PE%WJP&%GWP&?%%”?%R&%@P-i TsMmaang thateas wel el stiradating
subj ects weidouRehles! RIVE BSuddd &9Re REMBARNZS &MloRPnedes. If sensation

signals arrive at the brain in large numbers and rapid succession, they may be

perceived as pain in some individuais.

15 Relaticnships have been found between slectrode size and stimulatory
response. It has also been found that stimulation quaiity and tolerance are
sensitive to electrode position. These relationships have now been

investigated further by the inventors, in a series of experiments.

One hypothesis tested was that smaller electrodes would be better tolerated,

20 since they allow us to target accurately the region of the peroneal lateral
popiiteal, without unnecessary stimulation of surrounding areas of skin
receptors. This was not found to be reliably the case in our experiments. This
finding may be rationalised as foflows.

Current density is usually maximal at the skin/electrode interface, whereas the
25 quality of muscle contraction is determined by the current density at the point

of excitation.

For a given current, a smaller electrode provides increased current density at
the skin. However, this does not necessarily translate to maximal current

density at the point of excitation. The electrodes are necessarily spaced from
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25 Vi sual

on a standard 10cm | i ne segnent,

om‘ort (far left) to extreme pain (far ght)_
8@ BYsEhsat i on,

a scale fr
was adopte

nor rral i sing these scores relative to a §F5’iﬁ5’§

Anal og Score was neasured by asking each subject to draw a mark
representing where their sensation vvas on

A system

whi ch was taken to be the existing electrode configuration and waveform

used in the 30previous studies.

A normalised disconfort score was then

derived foregachbtteanbi guwidkhemn cbﬁ@te@h@lﬁgé Rewbanictontiak tdsséanes Baéween the

VAS for this, configuration and t VAS for. the standard confi guration.
Thus, a posF"PPU@d%g Q%t’ ?Ré’

the w ef SigedPea R 2 Rv@!ityoof iprres)rautesn dhere

gdbeve score

W Il i ndi catRargBt8kd=oaiedd-al f@m REHEMILINER dt rdintdlene 55?\%@:1'1 BRcBLREt rode

configurations used. Two waveforns were used, symetric and asymmetric (see
Fi gure 11).2ane skist wvl@ag@seﬁqqﬁéhaweﬁanher&aqdewyu '§ ddisangbest(lartba sin, s

equal ). 50 Bd ARleraflirtn id 4dsBk! Al LEnBAEAR point of ind BOKR, 2 91 Ves Lhe key

to the el ectrode/ wavef orm conbi nati ons use

configuration vvaveform A Asym2 A Sym3 B

10

15

20

25

Experiments were conducted with various arrangements of electrodes to allow
smailer differentials between current density at the skin interface and at the

desired stimulation point.

It has been found advantagecus to have two electrodes of different size.
Since excitation of the nerve is achieved by depolarising the nerve (which
normally has a positive extraceilular charge and a negative intracellular
charge) it is the negative electrode (cathode) that causes the nerve to achieve
action potential. it is found to be advantageous to position a small cathode in
the precise region io be stimulated, and a larger anode at a site somewhat
removed, allowing high current density at the stimulation site only, and low

current density (below action potential) generaily.

A refinerment to this technique is to provide anodes either side of the cathode,
giving a much wider spread of (accordingly lower} charge density at the
ancdes. Two possible embodiments of electrodes include three paralle! strips
(centre negative) — see Figure 8 — and target (bull's-eye negative) — see
Figure 9. The target variant may-have a closed or open outer circle, and may

be oval.

The electrode structures were tested experimentally.

Ten normal healthy subjects were used, ranging in age between 24 and 50, A

Visual Analog Score was measured by asking each subject to draw a mark on
a standard 10cm line segment, representing where their sensation was on a

scale from no discomfort (far left} to extreme pain (far right). A system was

adopted for normalising these scores relative fo a standard sensation, which

was taken to be the existing electrode configuration and waveform used in the

previous sfudies.

24
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Asym4 B Sym5 C Asym C Sym7 D Asym8 D Symi E

WO 2019470332 PCT/GB2009/031713

A normalised discomfort score was then derived for each configuration based
on the horizontal distance between the VAS for this configuration and the VAS
for the standard configuration. Thus, a positive score will indicate less

comfortable, and a negative score will indicate more comfortable.
5  Figure 10 (A-F) describes the electrode configurations u.sed.

Two waveforms were used, symmetric and asymmetric (see Figure 11). In
both cases, the overall charge is balanced (area A is equal), so no gaivanic

irritation ‘is possible.
Table 2 gives the key to the electrodefwaveform combinations used.

10 Tabie 2

Config | Electrode configuration waveform
Asym
Sym
Asym
Sym
Asym
Sym
Asym
Sym
Asym
Sym
Asym
Sym

IR0~ | U Ao P s

|mmimimio|o|o|o| o> >

Figure 12 shows each stimuiation configuration as a number on the x axis. For
each, the median normalised VAS is shown as a blue bar, with the range

between first and third quartiles shown as whiskers.

15 it can be seen that the most preferred combinations are C, D, and to a lesser

extent B, all with the asymmetrical waveform.

Note that configuration 1 shows a score of 0 in every case by definition.



Asym 10 E Sym 11 F Asym 12 F Sym Figure 12 shows each stinulation
configuration as a nunber on the x axis. For each, the nmedian nornmalised

VAS i s sho ue bar, with the range between first _and third
guartiles %O%OI@gg%i skers. 15It can be seen that the %E’F‘Bﬁ’r“%?séﬁped _
conmbi nations are C, D, and to a |esser extent B, all with the asymetri cal

waveform Note that configuration 1 shows a score of O in every case by

def i ni ti on.Figiiegt® ehdds showerrhhieaovABI rhSefh MAS oAt dutgisct fRra eagdratlibj ect as
ntation nakes still nore obvious the

a separate coloured |ine. This repres ,
pr ef gr ence FoHured ﬁ*ﬁ@- J&@%ﬁ@???%@f'%\ﬁ\?@%@ﬁ“ mgseicpaiousdhe iPiRieRcenioi s t he
symret ri calthé akg@imafiéANGSERM, Negative

Optimal configuration is the symmetrical/ftarget arrangement, negative
5 electrode in the middle, and positive larger than negative. Waveform findings
indicate that asymmetrical but charge-balanced (large positive spike followed

by smaller but longer duration negative current) is optimal for comfort.

A preferred embodiment of a device according to the invention is shown in
Figures 14 to 17. The device 10 comprises a flexible, non-stretchabie
10 thermoplastic elastomer substrate 12 which includes an elongate tongue 14 at

one end, and a moulded recess 16 at the other,

On the tongue 14 are printed positive 18 and negative 20 electrodes. The
positive is slightly larger than the negative. Each electrode includes a
conductive track 22, 24 leading from the electrode to a respectiVe contact

15 point 26, 28 located in the recess 16.

Not shown in the figures are an insulative strip arranged between the positive
track 22 and the negative electrode 20, and similar strips at the edges of the

tongue, to prevent unwanted leakage of current.

Within the recess 16 are placed an electrical cell (not shown), and a PCB (not
20 shown) including suitable circuitry to control the electrodes. Together with the
conductive tracks 22, 24 and contact points 26, 28, this forms a complete
circuit. A plastic cover is then sonically welded over the recess 16 to seal the
components, A layer of gel is then placed over the whole device 10; this
provides an electrical contact with a user's limb and helps keep the device
25 adhered to a user. The gel may be protected in transit by a peelable backing

layer.

The outer surface of the recess 18 is formed with an integral diaphragm
button 30 and an aperture 32 for displaying an LED. The button 30 is
arranged to contact a corresponding button on the battery housing or PCB to
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5 electrode in the mddle, and positive |arger than negative. Waveform
findings indicate that asymmetrical but charge-bal anced (|l arge positive

spi ke foll |l er but |onger duration negative current) is optinal

f or conforﬁ%ﬁﬂygﬁgég?red embodi nent of a devi ce accor di hAg"EHF¥NEHvent i on
is shown in Figures 14 to 17, The device 10 conprises a flexible,
non-stretchabl e 10 thernopl astic el astoner substrate 12 which includes an
el ongat e t acnguatelihealeviore TraGpeR0e 32 HRYIGE Gnr IGEB SehidPindtcatdiewgider . On the
tongue 14 Ee Erinted o§itive 18 and negative 20 el ectrodes. The positive
is slightlj ? JFYSF 't ARF2IRS negative. Each el ectrode includes a conductive
track 22, 24 leading fromthe electrode to a respective contact 15poi nt 26,
28 located in the recess 16. Not shown in the figures are an insulative
strip arranged between the positive track 22 and the negative el ectrode 20,
and simlar strips at the edges of the tongue, to prevent unwanted | eakage
of current. Wthin the recess 16 are placed an electrical cell (not shown),
and a PCB (not 20 shown) including suitable circuitry to control the

el ectrodes. Together with the conductive tracks 22, 24 and contact points
26, 28, this forns a conplete circuit. A plastic cover is then sonically
wel ded over the recess 16 to seal the conponents. A layer of gel is then

pl aced over the whole device 10; this provides an electrical contact with a
user's |inb and hel ps keep the device 25adhered to a user. The gel my be
protected in transit by a peel able backing | ayer. The outer surface of the
recess 16 is forned with an integral diaphragmbutton 30 and an aperture 32
for displaying an LED. The button 30 is arranged to contact a correspondi ng
button on the battery housing or PCB to activate the device. The aperture
32 displays an LED whi ch indicates whether the device is operating.
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CLAIMS 1. A device conprising positive and negative el ectrodes for
adm nistering an electrical stimulus to a nerve innervating opposed | eg
muscl es of a patient, so as to cause isometric contraction of tg_}@gr{uﬁcl es;
a power supply connectable to the electrodes; and control neans for”
activating the el ectrodes; wherein the device conprises an el ongate
fl exi bl e subgilrAdi& on which are nounted the el ectrodes, the power supply,
and the control neans, with the positive el ectrode spaced | ongitudinally
al ong the sut?strqate fromthe neg_ative el ectrode. 2. The device of claim1
wherein the podi 954%¢ EPERIFEUROFE VS Angchieaaiing alerirategdoi semirBsteifig adevi ce
of claiml, ikefecowabimnadiughy Wi irdghidahy! 4., Use of the device of
claim1 in a method of reduciﬁrﬁv%gﬁi%f)\}kég?gldp\?/’ggéweagrmr“é%'?%to ARFEUEAL §01 eg of
a patient, ofSd& CREFUEPHGIY CPliaeEnn ohipednastiok] @ pbivensiisie csahadiibian
artery in a ke i QNpL.I Sin dm ni stering one or
more el ectri caﬁeg‘?%ﬁ?gt%%ac%ﬁtﬂg ﬁﬁéqglf 89%“99%%@%@9@%Jd’i”%ﬁi@!nttbe cause
i sonetric cofieYigRCoawrises whecinngateetieximptdusahie/ owhasish kb hﬁo&%&&"%ﬁei s for
a

treat ment of ,gdi ers.characterised by increased peripheral vascular
resi st ance. e%%:{?%%, u@g g&”’%ﬁ:aﬁ H‘PE’: %ﬁ%rﬂlé’? PARe! dngansewits thel positde f r om
lower |inb aeleetrddd shissedsorgiiedinaher abngr ey i @lpsdhse ol i red | ower
linb | ynphat | i nage; cardiac di sease%; restl gss%l 25“%5%’4 %aﬁve

t%gt e

(Wttmack- ‘'syndrone); soft tissue injury of the l[ower linb
(i ncluding skin and nuscle bruising and mcro tears; and sports injury);

and inflammel.idme devide diselami 1 dedanihe SsitiledbBedold i@ léﬁgegfg%{“%ﬁ
a

di agnosi ng cond%tions characterised by increased peri pher
resi st ance, 98t hod conprising adm nistering one or nore electrical
stimuli at a first frequency and/or current to a plurality of |eg nuscles

suf fici ent t® ToaukwidesTTRIM T i§ 0BfnbREkibe Wief l'es; and nonitoring
blood flowin the leg to determ ne . l\/CSLLIé v%%%ﬁoerwg@?'astol ic reversal of
arterial flag LiJsSé ${§vec§1t ed agd or peripheral vascular resistance is
reduced. 7. Useof YHe"UERA EeCEM I B mmethad pf redadg freriphenat oxsagar
adnmi ni str at iresisehcaetli:CREEDE & halerd ! §ALIE disorders, ot of
contrast agents, the maﬁ%_d coérpri Si ng ad%l&ur??{sq @fi’bﬁ‘a"e&i‘m fﬁé%i?t&%ﬁl@m or
sai d agent t8'&{SYdR AEAENaiNg eefa BalEantiheonethod coipisiehenfihgringt | mul i
to a pluraligh¥ #fmbeOsiBUsickEeS: j Ci 10 .cause isonmetric contracCtion of
the nuscl es and enhance ‘to%?'p@ﬂ ﬂdsgc?ﬁ&gm& ofteg muscles sufficient to cause
Isometric contraction of the muscles, optionally wherein the method is for

freatment of disorders characterised by increased peripheral vascular
resistance.

5. The use of claim 4, wherein the disease is selected from iower limb arterial
disease (peripheral arierial disease); impaired lower limb lymphatic drainage;
cardiac diseases; restiess leg syndrome (Wittmaack-Ekbom’s syndrome); soft
tissue injury of the lower fimb (including skin and muscie bruising and micro
tears; and sporis injury}; and inflammation.

6j Use of the device of claim 1 in a method for diagnosing conditions
characterised by increased peripheral vascular resistance, the method
comprising administering one or more electrical stimuli at a first frequency
and/or current to a plurality of leg muscles sufficient to cause isometric
contraction of the muscles; and monitoring blood flow in the leg to determine
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whether diastolic reversal of arerial flow is prevented and/or peripheral
vascular resistance is reduced,

7. Use of the device of claim 1 in a method for improving administration of
medicaments for treatment of bone disorders, or of contrast agents, the
method comprising administering said medicament or sajd agent to a patient,
and administering one or more electrical stimuli to a plurality of leg muscles
sufficient to cause isometric contraction of the muscles and enhance bone
perfusion.
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