Treatment FI ELD OF THE | NVENTI ON The present invention relates to a nethod
and device for nedical and/or cosnetic treatnent. In particular, one aspect
of the inwenviownossel ates to a method for reduci ng peri preraiB@asuiar
resistance in the blood circulation of a patient; other aspects of the

I nvention relate to nethods of treatnent of disorders characterised by

I ncreased peripheral vascul ar resistance. The invention also relates to a
device for inplenenting the met hod. 1iEgfmgal aspects of the invention relate
to other uses of the device. BACKGROUND OF THE | NVENTI ON A net hod and

devi ce forFiEeduorF PREANVENRDNENt of deep vein thronbosis (DVT) are
described in international patent application WX2006/ 0541 18. This device
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bones 10f tBECKeRODN® OF THEIR\EINTACIN, the device is suggested for use to
treat conditions other than DVT

A method and device for reduction or treatment of deep vein thrombosis
(DVT) are described in international patent application WO2006/054118. This
device includes electrodes which are secured to the leg of a patient and used
to provide electrical stimulation 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 blood circulation 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 stimulation is reduced or

avoided.

As described in W02006/054118, 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 vascular disease,

30 coronary heart disease, and hypertension. These disorders are considered to
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According to a first aspect of the present invention, there is provided a method
15 of reducing peripheral vascular resistance 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. 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
20  electrical stimuli to a plurality of leg muscles sufficient to cause isometric

contraction of the muscles.

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
25 particular, the invention also provides a method for treatment of disorders
characterised by increased peripheral vascular resistance. Such disorders
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
30 muscle bruising and micro tears; and sports injuries); and inflammation. The
invention provides methods for treatment of each of these disorders. The
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characterised by increased peripheral vascul ar resistance. Such disorders
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and adjusting the stimuli in response to variations in the monitored g-force (for

15 example, an increased g-force may result in an increased frequency of

stimulation). Other applications include maintaining blood flow in reduced

gravity, for example, during space travel; reducing the likelihood of blood

pooling during prolonged periods of standing (for example, among soldiers on

parade); or reducing or avoiding blackouts experienced on sudden standing.

20 The leg muscles are preferably the calf muscle, although in certain
embodiments of the invention, stimulation of the ankle and/or foot musculature
may instead or in addition be used. The leg muscles are preferably involved in

a musculovenous pump; for example, the calf, foot, and/or thigh pumps.

The stimuli may be applied directly to the muscles, or indirectly via stimulation
25  of a suitable nerve. For example, a favoured approach is to indirectly stimulate
the lower limb musculature by accessing nerve groups in the area of the
popliteal fossa, where the nerve groups are in general easily accessible in
individuals, regardless of body mass, and with minimum energy requirement.
Unless otherwise specified, it will be appreciated that all reference herein to
30  stimulation of a muscle is intended to encompass both direct stimulation and

indirect stimulation.



a muscul ovenous punp; for exanple, the calf, foot, and/or thigh punps. The
stinmuli may be applied directly to the nuscles, or indirectly via
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sonme extent, although e primary purpose of this second stinulationis to
prevent unwanted |inb novenent. Application of a stinulus only to a
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15 anterior. Preferably the second stimulus is applied simultaneously to the
stimulus applied to the calf muscles. Stimulation of the tibial muscle alone will
promote blood flow to some extent, although the primary purpose of this
second stimulation is to prevent unwanted limb movement. Application of a
stimulus only to a posterior calf muscle may have the unwanted side effect of

20  causing movement of the ankle joint. Application of a stimulus to the shin
muscle will counteract any movement of the ankle 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 limb 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 popliteal
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 involvement of the muscles in the sole of the foot,
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15 The method preferably comprises repeatedly administering an electrical

stimulus to the muscles.

A typical electrical stimulus may be at a current of between 0 to 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 pulsed DC waveform. The stimulus may have a
frequency of 0.01 to 100 Hz, preferably 0.1 to 80 Hz, more 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.



A typical electrical stinulus nmay be at a current of between 0 to 100 mA
preferably O to 50 mA, nore preferably 1 to 40 mA, and nost preferably
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the increase is gradual up to a peak; the stimulus may then either be
maintained at the peak; terminate at the peak; or decrease in a gradual
15 manner. Alternatively, where repeated stimuli are applied, characteristics of
the stimuli may vary between different stimuli. For example, successive stimuli
may be applied at increasing levels of current. Again, these successive stimuli
may increase up to a peak gradually, followed by maintenance at that peak, or
decrease from the peak. A cycle of increasing stimuli may be repeated a
20 number of times. In preferred embodiments, each stimulus is a single pulse,

rather than multiple 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 sequentially 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 one electrode, for example, a pair of positive and
negative electrodes, with a sufficiently small separation (for example, 1-3 cm,
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level at which this occurs may give some information as to the severity of the

15  condition.

The method may further comprise comparing the level of frequency and/or
current required to effect reduction or prevention of diastolic reversal of
arterial flow and/or reduction of peripheral vascular resistance with the levels
required in a healthy control patient. Again, this may help diagnose a condition
20  or give some indication as to the severity of the condition. The healthy control

patient may be selected so as to be otherwise comparable to the patient.

Also provided according to the present invention is a method for promoting
circulation in a patient having a heart condition, the method comprising
administering one or more electrical stimuli to a plurality of leg muscles
25 sufficient to cause isometric contraction of the muscles. As noted above,
electrical stimulation of the musculovenous pump promotes altered blood flow
patterns, which may be beneficial in patients having heart conditions. The
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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diastolic reversal of arterial flow and/or reduction of peripheral vascul ar
resi stance. The level at which this occurs may give sone information as to

the severity of the condition. The nethod fy further conprise conparing
the |evel dVige SRuRTNGrRY/ Hastupnerelectseds rfon admivstednd r iy RleFBiRabr

preventiongof, 0L 351 RhbEed RYERRRI o %Iéﬁij of PNEREHAY coRANELLRN O
oy e 43 coREEpiab R

peri pher al vascul ar ‘resrstance wth evél S requir in a

cont rol pahe&nectrdkgaland b hoomtrobyndeeispfod isajnatiey me:etad:imdertoczrdrgini&telsorre

i ndication as taq .t v ritt% tﬁf t he condi |on The hea contro] patient
t

may be sel¥tteieriyca gt &r MUsslesoR|sHEFRbE dot saw?e YmGREIes Ao
provi ded aof@idt W&)fﬁ@trfcaﬁ;{]p’fﬁé‘?ﬁ\t/erﬁtl?oYleQFsboﬂrdvﬁ:ie% He&lf“égnfp?l"sm? QOB iahg

circulation in a patient ‘havin heart condition, the neth conpri si ng
admi ni st erdaviceoimecanbimatien e\hﬂaoa detihiilladon. Mlermnatively, pheidaviceynay inciigenuscl es
suf ficient toﬂﬁﬂ@e i sometric contraction of the nuscles. As noted above,
el ectri cal® S¢¥ tfon of the nuscul ovenous punp pronotes altered bl ood
flow patterns, which may be beneficial in patients having heart conditions.

The heart mgfilrtagpeciapf the bmn@aﬁ\wmona@m@t’co tae&pemﬂeatmabﬂ cexical r est ,
arrhyt hm a, brachycardia, or angina, The al so be used as an

adj unct t dleed |f19W in danen Asn nptes b‘h%oggo@@ﬁd"é% H}er éﬁtho‘?\l‘gdsﬁ'ﬁﬁm%ed is a
devi cq f Ormpgag'g%mmlgﬁaﬁ hag b@erncgé&pﬁe % lplré}neteo kieaf %1%6;5 iy ARAERS

condi t'ion evi ce conprisin one electro or admni ster| ng an
el ectri calsisde digcosetenl, cm@odenhohe’gahwlseﬂees that hopatoxygenatiorpawdrbangpl y

st S LA LS SN, o LR R
couie (% oy eaeopite LRI et FUAATHYTOLD ot i
Al t er nat i iegatmentieofdbone edisaiglersdheldding osteoporosis. Thus, according to a
15 further aspect of the present invention there 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 isometric contraction of the muscles and enhance bone
20 perfusion. The bone disorder may be osteoporosis. Also provided is a kit for
treatment of bone disorders, 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 connectable 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) to tissues such as the
bones, tendons, ligaments, 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



a defibrillator. Further aspects of the present invention relate to the
nodi fication of cortical blood flowin bone. As noted in WOQ2006/ 0541 18,

t he met howoabiogasset ri ¢ nuscl e stinul ati on has been showmoTiGB2psXIFDLIS
cortical blood flow. W have since discovered, and denonstrate herein, that
bone oxygenati on and bone perfusion are increased by use of the nethod.
This allows nore effective deIiveL%dof phar maceut i cal agents to the bone,

parti cul ardlgetfidk stimti drdadPlHERitt CededeRUSEes paficians bt #apseifematithg
ost eopor Osdo?‘ntr.agﬂgﬁ’of ﬁ?ecﬁfugbl'f%g drfd éﬁﬁéﬁc&{}%ﬁ&%ﬁ?\eﬁfsﬁ& .ag@ﬁt present 1nvention
ed a netho or a

there is provi | mprovi n mni strati 6n of nmedi canents for
treatnent of bone disorders, the nethod conprising adm nistering said
medi canentA t stila fpghereraspeahdofadime ninsertidmgetates oio mosmeticetherapyl Asti mul i

e e, A b BRRS o b e Tk D S RBR T et o ©f
ost eop@r odjgulafiorO irgbambd% ciréuldtih tin e skin SPhEPEthed aRiRcliases @RS, the

kit conprising a nmedicanent for treatnment of a bone disorder and a device
conpri si ndeaperaiase wheee giredlationés insreasedi Nhese effagtsanag becaflrenefit Kt i nul us

el ect T ode: g sy Fpafhed Aohpiual, PO B PERE te RAEELAL el et o1
an el ectrirgdlictsdr nofl vslidlice tdre colsgEre slepubits, CInepriovemend usfe skihe tanés coes to

contract isonetricall g | mproved perfusion nmay al so be useful for .inproving
del i very dmMPERYRIMERE ChgKiTt SOPHBPNexXaMSs dhe dAvertiginc BIovidRsgangeiiehdes) to
tissu S ; t 1.0 , i : t

[ nvenfii%on gﬁ%%aﬁﬁgr\??%s&;ﬁ%ﬁho@% g{rg%ﬁér%r%w%%&@%lﬁﬁ&%t% gcoa{ri:frast
agent s, t hdectethbstimolugriosatnigaationailsd enusule sdiadpatienttradiiciagetnt cawsea

atient, apd adm ni steri,ng. one or,. reelectrical, stimuli t It f
Ioeg nuscl égeéﬂﬁ(ﬂ%? gor.ﬂt{)agqmetinggﬁétﬁﬁe&%&?@@qtﬁrﬁnqﬁ%@ﬁ%@ﬁeﬂsI a%do
enhance p&fdHSEARcRN %@'cglllﬂﬂéA’Hrs-coﬁaééh ldepbuttd NRTprasaaeht of skiRGoh8vent i on

rel ates to cosnetic therapy.
improvement of skin condition. Also provided is a kit for beauty therapy, the kit

15 comprising a device comprising at least one electrode for administering an
electrical stimulus to opposed leg muscles of a patient; a power supply
connectable to the electrode; and a control means for activating the electrode
to administer an electrical stimulus to the muscles sufficient to cause the

muscles 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 electrical 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 electrode surrounds at least
30 66%, 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



denonstrated herein, use of the nethod increases peripheral blood
circulation, in particular circulation in the skin. The nethod al so

i ncr easesweknrv/i7essper at ure where circul ation i s increasedT/GHre®asefiBect s
may be of benefit in the cosnetic treatnent of individuals. For exanple,
the effects may include reduction of cellulite or collagen deposits,

i nprovenment of skin tone, or inprovenent of skin condition. Thus, the

i nvent i on gssentiaethahthaphe @lediodedagrentiely eaaloagaYohertpar iadtheudh e net hod
conprisinqsﬁﬂggpjatering an electrical stinmulus to at |east one | eg nuscle
of a patient Su Pcient to cause the nuscles to contract isonmetrically. The
cosnetic treatnent nmay be selected fromreduction of cellulite or collagen
deposi ts, It hps beenetdtemhinellithatt thisearrangempniefeeieotrodds eds todmgiavesh. Al so
provided is a kit for beauty therapy, the kit conprising a device
conprisind“ﬁ?eW%%k?P%ﬁ%C@Pﬁ%ﬁrode for administering an electrical stinulus
to opposed | eg nuscles of a patient; a power supply connectable to the

el ectrgde;papstaB|\COfher QPosiRaNSelkelrodst isvibtiantiallyechtIBEéS OdR: t Aegatiieni st er
an electrical sti'nulus to the nmuscles sufficient to cause the nuscles to

contract ialesieede.cally. The device described in WO2006/ 0541 18 i ncl udes
certain electrode configurations which may be used. W denonstrate herein

data showipg cif] ) c .0 i e rceived as
mor o cont N SBE sy HieeiERts FhE CIERRGIET KDl he PRAmiiat CorieRRe 67,
devi ce corgubstartillposondergrigndirolegat invetiedrectthedekectrodeadaieni gareralhy an

el ectrical stinulus to opposed |e scles of a patient; a r supply
connect abl ¥oRGAER Brefe@RYy Bﬁﬁ?raﬁ)‘l@%égg@ﬁ?r? ISUSB AfSrECRN AR QE&V\g@aﬁeﬁg
el ect rgde ft@'SﬂggF&i ster an electrical stimulus to the nuscles sufficient

to cause the nuscles to contract isonetrically, wherein one el ectrode

substantially encloses the other. By "substantially encl oses"” is neant that
one el ect rRwéersbly onmeakeciipde dasta BEIGr Peaftbamthe otier eteptiodespiefainbly

pref er abl y, at, | eas(, 85%. IR &, BLAIELAR Y.

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 initial pulse 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 stimulus to a nerve
innervating opposed leg muscles of a patient, so as to cause isometric
contraction of the muscles; a power supply connectable to the electrodes; and

control means for activating the electrodes.

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 continuous, or may include holes — for
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at | east 90% and nost preferably 100% of the perineter of the other. It is
not essential that the one el ectrode be entirely encl osed by the other,

al t hough wo 20m/quomsterred. It has been determ ned that trCS/GB20@ngerment of
el ectrodes | eads to i nproved perception of user confort. Preferably the
positive el ectrode substantially encl oses the negative el ectrode. In sone
enbodi nents the el ectrodes are in the formof concentric, or substantially
concent ri cgxagplel the elestrodaemay basdifaiectounas, o engeherialthg fermomia e,
preferably ggﬁerally qgquadril ateral, such as rectangul ar, or C-shaped or
U—shaped.'B ‘erably one electrode has a | arger area than the other

el ectrode; preferably the larger electrode is the positive el ectrode.

Pr ef er abl yintgreferastt emboditaamsts| thecdavice somgbrises adiaxitle tseibstratesh elhéatt ri cal

stinmulus. Preferably the waveformof the current is as tric;

conveni ent3¢ MRENIRS, i rlIRCHPEes dibe BAWPHSHPRIY. @BGstF‘?iQ%)%m%@%fThearge
magni t ude u I QR, I b e ' I i S I
magni t &de %rﬁgﬂggggrg%&oﬁ% 'Ifég éa@ﬁ@%’n?e??%e%ﬁ%é%ﬂét %gtl\?gv% {prﬁél ses
wi || be eclattrodes aseapprbpddateedihe pdwei supplal mpylteean ssleftriaalgesieridid y

Govice cormHeuPiey % e Terey BRBBR: gl SRR e YO AiRen 8Lk A an

el ectri calihat éBHro8ed @rackied @ breBRINYATHOREXePRAS Ethd @UbsHkate! RayObe &
patient, so as to cause isonetric contraction of the nuscles; a power

suppl y cortheonaplastic elast@mer.ect rodes; and control neans for activating the
el ectrodes. Preferably the positive and negative el ectrodes are separated

by 2030 de damLoNd BOULll HPROY RS e RBSEEIE ARG RS Bha)

stinulation. ectrodes” may ere Sl Zes;
positive epirtingodeedrs (for gemniglanpdderngaio peintih). sSpritaviydesndubligher
charge density at the notaor , ,
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 more insulative strips or regions arranged to separate
the conductive track 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.

In certain embodiments the device may be configured to be implantable in a
patient, for example, implantable 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 single
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



poi nt, and greater capacitance overall. The el ectrodes may be silver

el ectrodes. The el ectrodes may be continuous, or may include holes -

f or exanplwp 20fwen7edsect r odes may be solid el ectrodes, or may/ds2o0eansihe form
of a mesh. In preferred enbodi nents, the device conprises a flexible
substrate on which are nounted the el ectrodes, the power supply, and the
control mddesdevine wewt belaspeartedds fallowsorThedlgyibée salbpttatec o1 §ared to

ol ect 1 caPradfiet i alTe AL M PofaadiRy™ i EHERsE Yo ud & chabi o
- this redoagRairinhentr Tl edctidteseAmt toRdlagiverttaiks e aheh peiatddgntoFpe

exanpl e, the substrate nmay be a thernoplastic el astoner. The el ectrodes may
be direct Bybpirate: @mdotieorewar subrly raiick coplolcoeaantilased ippitheireg§es®ans (for

| _ hall: M . b
i neet ontls FrvBSiEcBhBL! Aptne SeBichl thndRBRLC The Felehay T BP0, ot
an el ongatkosetr fgr exarhpleg b, somi¢ weldinged eoveroibesea thegibvedrongppiynandt ri p.

Such an arrapgenent r equire a conductive track tg be p]aced fromthe
bt - supEPYTOgTERBS flbhE foesse FINIE 2 Gl Plagediast o SleRboREa er
el ectrode. I n such arrangenents, the device may further conprise one or

nore i nsuliglel ¥&isd A fRher @B ed4 IGHHRE %eré%oéiaaé&rédﬁ)lﬁ%?ﬁéﬁt jhve track
fromthe nearer el ectrode; insulative strips may al so or instead be

arranged a&keng the edges of the strip to prevent current |eaking outside
the area of the strip. Alternatively, or in addition, the substrate may

conprise reges.sed o] i t.hi i I tr | ocat ed;
Chereby sartr 5o wlhamtiid kebfbtChtRed BREAUE chBssBtad ey
enbodi mendgvicke Tey i eemtiskymbeens omblygbe edorfiyubed | plpactiadl & plaraitpadfi ent ,
for exanple, inplantable subcutanequsly. This would be of benefit in
chroni ¢ i A&iaoNoRYdRRelfer @@mpkeervmmg%e&ntt%nldav%é:hagaqi@réﬁncsédheThe

devi ce further GRIRTHhEEHRUSOIIHLHE 1ABLIgRMRELY I MGuddierial eeliadssy The

include a display means, such as a light or an LED, to indicate the selected

15 activation mode.
Preferably the device 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
— 50 as to be highly portable.

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

skin sensation or discomfort when activated to stimulate muscle contraction.
BRIEF DESCRIPTION OF THE DRAWINGS

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

subjects at different levels of stimulation.

Figure 4 compares the speed of skin blood flow in stimulated and

unstimulated limbs at different levels of stimulation.

12



gel is preferably in a single piece overlying both el ectrodes, for ease of
manuf acture as well as structural integrity. We have determ ned that a

si ngl e piwoeomio7gsk nmay be used, based on the bul k resi eCirgR290%05111Be

mat erial and geonetry, so that | eakage resistance is nuch greater than
delivery resistance. Exanples of gels which nmay be used include hydrogel or

silicone. The device nmay be assenbled as follows. The f]exjble suybstrate my
be. br oducdiOuS 5 CQMBATSS I ISTTPEPBHE D S GHYIRSCLARN ArPUEUEeT SR a
conpar t renfiferEREISERCS T ARG af conductive tracks are then printed onto the
substrate, and tLe power supply and control neans placed into the recess.

This serves to connect all the electrical connections. The recess nmay then
be cl osed,Figwe @shopiscoxyhenegivkinvevelsnyeasweddry irdrasedispentopenmr insuppl y

and contr ns into.the.recess. Finally a gel is placed over the

el ectrodegbegﬁ% %gmgtgtlrﬂﬁ@tlpﬁrcyﬁl%p conprise a locating mark to aid correct
pl acenment in use. The device may include a press button for activating or
deact i gat imigureh? shewsCthe ditengeoint debxyreansglobiy leeelsonf alppatehts aupingvi de a
plurality of activation nodes (for exanple, with different stinulation
char act er iS§iMWalion.t he press button may be used to cycle through these
nodes. The device may include a display neans, such as a |ight or an LED,

to indi cag:ig &r@? ?@&\??%@ﬁs@&ééiﬁé@tél@@tr@@éﬂgrraﬁgéﬁéﬁgﬁbl y the device is for

reduci ng st ow reversal. In certa odi nents the device may be
di sposabl e; for exanple, after a single use. The device is intended to be
suf fi ci entHigurerfabhown@ seoght desired edscirgsiecarrargamentan 10 cmin | ength, and
wei ghing less than 100 g , preferably less than 20 g - so as to be highly

noti ceabi & QU et SEH6%) TR eRER AR SRR eied e Lo St i mil ate muscl o

contraction.
10 Figure 11 shows asymmetric and symmetric waveforms tested.

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
WO02006/054118, 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 device.

20 In brief, though, one embodiment of the device as described in
WO02006/054118 includes a loop of elasticated material which, in use, may be
worn around a user’'s lower limb. On the interior surface of the elasticated
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

control processor, and an external LED.

13



BRI EF DESCRI PTI ON OF THE DRAW NGS Figures 1 to 3 show neasurenent of
arterial blood flowin three separate test subjects at different |evels of
sti mul at iwo.20frgosse 4 conpares the speed of skin bl ood PcewB200%tsiTEI at ed
and unstimulated linbs at different |evels of stinulation.Figure 5 conpares
skin tenperature in stinulated and unstinmulated linbs at different |evels

f sti I [ . Fi 6 sh h bi | by inf d
of ot U s Lon. Fhars B Rhate, sluhemmolobLn fevehs eeured by, Loy o
change in c%;e,@spaﬁamgl RBséL ¥RbWingNthR! £ralift bR S g B itFUhRoek: Fi gure

8 shows a first desired el ectrode~arrangenent. Figure 9 shows a second
desired elldet ewrtteol anoduigeameneradiel carnecatesmneing elesirial epelect sdrdaces

arrangements tested. Figure.1ll shows asy. tric ) ric vef or ms
Cesteq.  FTPe o505 (o BEdcd, ISR RRPE HeEef Bactali RS AR ont or ¢
testing. Rheff@antisddondelshteydes Bashd toRdutiveadiegent of a device according
to the present invention. DETAILED DESCRI PTI ON OF THE DRAW NGS A device for

electrically stinmulating | eg nmuscles is described in detail in WQR006/ 0541
18, and t W& eHEr! nrecessos in@edeoa dingr pagduiec atdada ste. a Pregnany st pti on
of the dey esent invention is primarily based on a nunber of
unexpect eciine(aﬁ? (Iaoﬁr(gugg'served fromuse of that and sim |l ar devices, although
we al so describe a particularly preferred enbodi nent of the device. In
brief, thdoglse, dhe devinedisneperatdd abdoltiavs. cEhenelaidisatedblodpiin Willp006/20541 18

i ncl udes a | gop of el asticated, majeri al ich, in use,. be.worn, around a
user's | O\}@erpﬁ%_er @?%t flec &pgmeoflrsiﬁﬁch\gge& in ﬁ%ntépta\git% (é%f MUSEIE al are
di spoggd f4theé réadofStBeqinsh, erRrtheosieona XeadRdislin cepfsbicliihvde anterior

muscle of the limb. When the control module is engaged with the cradle, the

device is automatically activated.

The program store is preloaded with an operating program arranged to
activate the electrodes each minute using a 40 Hz pulsed DC of 20 mA for 0.1
15 second. Both electrodes are activated simultaneously. The timer module
serves to 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 sti_mulated 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 ankle by counterbalancing the
contraction of the rear calf muscle. Simultaneously with each activation of the
electrodes, the LED on the outer surface of the control module is also

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 assembled from conventional
skin electrodes and a suitable electrical power supply. It is this form of test rig

which was used in the following experiments.

30 Experimental Design
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wires to a cradle which is integral wth the el asticated material. Munted
within the cradle is a control nodule, which includes a power cell, a
control pwocerwwn33zand an external LED. The control nodulPeTicB2o@nsvabl e from
the cradle, with a pair of detents and correspondi ng recesses allow ng the
cradle and control nodule to interlock. The control nodule and cradle carry

correspondj.n lL.ectrical, contact .surfaces which provide r electrical
Commun, catta Sl SEry BT ae FEeuhar amavel Fetod B eBbaRtng

el ect r odesowerdirh b IS IBIG A Meawhy Aglult VitupeBid. 0l processor includes a timer
nodul e, a data store, a programstore, and a logic unit. In use, the device

is operated as follows. The elasticated loop is worn on a user's | ower
linmb, sucPhjeddiveshe Tier irinearyc OPiRRIVE s Of nthionstidy  Wash tehevalapte Mhscl e at

t he rear : jJab, sand. .f he : 1S | a Lt h.fhe
anterior %ﬁg%{&ge'*oéfsg?r?é I[P(?pnlgg \ﬁ%ﬁﬂgﬂe%@mét@ﬁ?n@dﬁ@aﬁgm ngé\gétl %1 h the
cradl e5 t perfdsionc &Hes sacdratary iabjddtiveawhs \tat @dhludteewith afupdenr sitersdund

prel oaded wit n operatin rogram arranged to, activate the el ectrodes
Droh i muPBU PR SRIOgbY Heha e DO o S IO BreEaS Grges

el ectrodeg MYRUSA IS i Y- | PR ves to
generate aﬁﬁ‘?@%ﬁ&a‘{"gﬁt ?i‘@gms% "dﬁ%@?%‘mi l?gaﬁglﬁg?ﬂgﬁmlﬁatgﬁgcut es the
program of the programstore. As the electrodes are activated, the user's
muscl es afdudyt Desigat ed t @rspoentset phgsisiegicali sespdnsehestudar incdidaltiiscl e,
caused by,t he tfi st electrode, serves to punp blood out of the |eg using
the calf SH‘H‘ ?‘ﬁrésreby reduci ng pooling of the blood. Contraction of the
anterior muscle, caused by the second electrode, is intended to reduce

unwanted Bivenesnpplication: ankl heyeffesintefrdlativioal simuagionant Iewdd kmbof the
rear calf muscle. Sinultaneously with each activation of the el ectrodes,
t he LED oRlqaskll@vtweresinveatigatad "in Hiealhuolintagsurering aaf-dounderiodidd: this

provides @ 4bsyel sRARY ESBT s0BebhBombReAFYE 6F Hef SRR 84t iR%n Industry
Standard airline seat. The stimulator used custom stimulation protocols.
Superficial electrical stimulation 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 carried 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 to 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 limb 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 specifically 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 belt to maintain a
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The foregoing is a description of one enbodi mrent of the device. However, a
suitabl e device for stinulating nuscles nay be assenbl ed from conventi onal
skin el ecwoades7essd a suitable electrical power supply. PC/GBROGINISS71BOr m of
test rig which was used in the follow ng experinments. Experinental
DesignStudy Title: A study to determne the effects of a noveI met hod for
enhancing lower [inmb blood flowin HeaLyt h%: Adul t Vol unteers. Obj ectives:

The pri nar%toﬁﬁ)j-‘ﬁg?rm@’ Bt Pesfute endAFINEY eralagehie rehanees PEEEERSss of

t opi cal bé tRbratdd B}”tl?& Vidiiienhanci ng lower |inb perfusion. The
secondary objective was to eva uate with duplex ultrasound and

pl et hysnogr aphy techni ques the bl ood flow velocity and vol une changes
associ at edPiwsiblagiealiAsgessrmentst ensi ty and level of electrical stinulation.
St udy Design: One-centre, physiological response study in healthy

Vol unt eer The e e I tion on
| ower rr;D %rﬁﬁé)gﬁ'ills uﬁ]vé%% “ﬁgw&‘?e %ﬁg ﬂ%ﬁ&—%@% {)%94 ev%feuck CZaérSZHé{%r* éoﬁlg a

4- hour sperwwv@ffe@eabmgedaﬁedéhai@esﬁiacbhbmmmecdrdeul eted his or her study
sat in an Industry Standard airline seat. The stinmul at or used custom

stinul ati on protocol]s. er eIectrl stinulati on was I|edto
The. | at or NGRS Folaviadive plesch e oIS ANAIGREd NS UGB PE SRt s a.

S | e Sizea; |

P! Sa orferes e, Sapdda pkplp R BPRITI SRR e 1o

carri ed out ui et ht T erature

and humi diplgtWemagmpred qrev =, pleﬂhasmgranhn)mtte;nsgotammm veydait et wer e

instructed to have i avoi djng fatty foods, tobacco and
caf fei ne alif ?do%ﬁ?éq epqegr@q gédjgt "tcl se fromthe previous evening

onwards. The volunteers were Ilghtly clad (in shorts), sat in a confortable
posi tij@n VEhdhderOsSn bedbdatiovhanknesisme 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 plantar flexions (10 toe
lifting movements - with the heel on the ground). This is the maximum

physiological response that can be obtained in the sitting position.

15 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.

20  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
development of significant thrombi. The study was performed on each subject
at two separate occasions which were then averaged to reduce experimental

bias.
25  Stimulator

The device produced a range of pre-set programmes corresponding to
different stimulation currents, and pulse frequencies. The waveform was
specifically designed for motor nerve stimulation, as opposed to direct muscle

stimulation. Pulse amplitudes ranged from 1mA to 40mA, with frequencies
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The effects of electrical stinulation on lower linb blood flow were
investigated in healthy Volunteers during a 4-hour period of prol onged
sitting. Wwaechiwuabisect conpleted his or her study sat i npram/dBrdessisii3
Standard airline seat, which has been specifically obtained for this

i nvestigation. The |leg cl ear ance di stance was be set at 34 inches, by
positioning of ,a.toe bj ect  was posit oned n _the eat

posi {1 on! dnBla2ubeens; BRch Sl Shiopne LoSuthensd dohahle: Se5h, e °

encour agePHyidtABRPY aRdPTENY Ep@todAd @ro@@gny tappﬂwesuu&@whew

Physi ol ogi cal Assessnents During this pha he anplitude and fredquency of
t he el ect higher a4rents apddieangscies)i ed and associ ated changes in bl ood flow
recorded. Changes in lower linb blood fl ow were eval uated using routine

o te o S, BhEhY MIRAEARRGN of S i Ent RIBKARIGH BYGITRRIAR Yo Sddif "
gauge pl et hysnogr aph alr plethysnograp aneous oxygen and
wher e pos siubjext chmingwhefctanmsempleaxh letmdya,mndj|ng3mcaraag2-$hmen$1boaldmbtw and
vol une in res e to thF rot ocol s re co eg bIood floy

vel oci ty (HaAGeLts: 8t KRt BPYy ARANGND FudePls detish dUrgion/al FR%er s ver e
be asked tBinpRsficH ?ré@ra%rﬁ@tﬁés fg] ﬁﬁmﬁ% dndL Qilt Be ﬂdu{m&vba VeARRhite W th

the heel on the g This 1s the maxi num physi ol ogi c response t hat
can be obtrec@‘eﬁfyminasaéoallowmgopkaas|re1ethbxmlqumrwrte tlmenexb@qa@nce eval uat e
acceptance and tolerability of electrical stinulation sequences by use of a
guesti onnay Vet tin res) and a scoring index (Visual Anal ogue
Scores). 3%@%&1‘%&’&%@%%%&%&%0 nor mal neasurenent of bl ood pressure,

measured on the upper armusing a standard sphygnonmanoneter cuff. Foll ow ng

the period of sitt)iPggramne fhoul dnMsitudé/aex s WridquedcyRtexam ned with
dupl ex ultrasound tp recheck theqstatus of tTheqdeep verns tlo excl ude the
devel opment of sigrgficant thromgr. The study|gas performed on each subj ect
3 1 5
4 5 1
5 5 3
6 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 contralateral limb.
15

Example 1 : Blood flow patterns

The patterns of venous blood flow in volunteers were monitored using

vascular ultrasound of the stimulated leg. Representative examples are shown
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at two separate occasions which were then averaged to reduce experi nental

bi as. Stimulator The device produced a range of pre-set programres

cor r esportongioioozsef f erent stimul ati on currents, and pulpse/dBe@usnuBes. The
wavef orm was specifically designed for notor nerve stimnulation, as opposed
to direct nuscle stinulation. Pulse anplitudes ranged from 1mA to 40MA,

wi th frequenci esr ed.froml Hz to.5 ., Which is a.siqgnifican eparture
' om t he PRSP GERaT oy ickiie Tresisns Stiauliton i Brst subisEL A POuply P

subst ant i \‘Fﬁ?l\(rem_ IWBEB rBAT 5 8t andMglireeURAR IRSItimEtiGRtiH 8% Za 8HE®ESSI on Of
15 different stimulation programmes to each subject during the course of

each st udysecabdosubiagt stmalatediatedqi oWl 3 ndzr Figwe Abphet seiveasdbjeetequency,

ot oo arpTRELG el SRR T FARRG, 26 B iR AL 'S ©
vascul ar rehoRgUa lthipd aUbpitt phtlergdiny sheurivh setiente3 HAaHigurk: 31t mul ati on

sequence Duri ng_rl each of the 1§HRr ogLiamjres, non-i nvasi ve bl ood fl ow and
vol une parBfiefdis figvie 3eatdPenras o ddaiesdd absveA, il Figke da@ o t he

| evel s 0b§ﬁAV§%£%hrrng@ WQ?%B@?% IF'er%g_ont raction, and with reference to

| evel s observed T'n the“con Exanple 1 : Blood flow patterns
The patterns of venous blood flow in volunteers were nonitored using
vascul ar uhtthessoaxamplesttherestvasnal fatietbld énpre&ep mesamiust hloed dpamE|edtyar e

ure la s a first sub t, at 20

showni n Fif%urﬁ,s 1-3. fi hows sti | ation | nf 'e[:
5 He: TG BRSCINE athale Was gispA SBRATCENE CEEARe 1 TSAURCY ST HoPhA Ash,
Fi gur ep2a (s tﬁe%‘é@?‘deﬁéﬂ% B1ebd FloW|tRlapRlicdtiordofhe slndifys. Fi gure 2b the

same subject inmediately after stinulation, and Figure 2c the subject at
rest. Figure 3a shows a third subject undergoing stinulation at 10 mA, 3
Hz; Fi gur &ley alodityin the seperficiplhfengcalaartery deubles @nd thegiaversiflaw 5 my, 1

Hz; Fi gur%oﬁ?pﬁen§s of the pulse wave arterial flow waveform are completely

abolished with application of the stimulus.

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

suggests a significant reduction in peripheral vascular resistance.

A fall in total peripheral resistance (consequent of the increase in vascular
pump activation by the device) may be illustrated 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 organs, distribution of organ blood

30 flow to the various organ tissues, partitioning of tissue blood flow between
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m\, 3 Hz; and Figure 3f the subject at rest. In these exanples there was a
four-fold increase in venous blood flow velocity from baseline. There was
al so a siwoi2biocand32i ncrease i n frequency of cephal ad (teearaB2oéesihmad)
venous bl ood flow with application of the stinmulus. Flow velocity in the
superficial fenoral artery doubles and the reverse flow conponents of the
pul se wave arl{?eri al fl o%/ wavef or m ar? corrgl etel.?/I abol i sh? .Wth a gl i cation
of the stifHGECSRAYL ALEHVSHOHR #HRSIANREPT ErRillae R¥HTSTEG BFsSS e que t o
hi gh resi drange Rétriblgoef blBBE TRw WRRIREhE catdleVedculf dyatamar Al bf @fich

t hroughout the cardiac cycle suggests a significant reduction in peripheral
vascul ar rassiupregidatedoy thel device at egriglardeftnedagettings. st ance (consequent of

the increase in vascular punp activation by the device) nay be illustrated
by the | asgr l.gr S ‘ﬁﬁ?e‘? I ow
i ncr eases.ﬁ %@%r{g%%gg@é&owﬁ%sﬂ?g& F E%% car é& %@‘%ﬁ?ﬁ?gf) @ﬁggg?%és

i ncrease. adéwbikviead| seashmnby oRpgen bensurmptiorirgirgpdsi. Tastfall icvassgai n t he
heart rate Tg.beats per mnute This may be denonstrated by the increase in

: oy
the arteri' 'Stﬁ%d'sf?%%'%%gy&_g Sh#VE HECTRASE 1B G dIRRIYP U NP t he
| nor eases dalidy HAhiEd sl BudMewHABLOUSSLBSAHERR librbBSe | iR9uBHiGoad and

proportionate, erefore there Is an I ncrease I n ow in all of

t he ti ssudencheniménaboxygeaalonsompbiboadnipared dmgxadjisecent ti ssue. Al l

ti ssues, skin, nuscle, bone etc have increased perfusion of blood.

Resi st anc f _hl flow can. influence arterial.,.pr ure, cardjac output,
i ot 1 bt B eareed) araPe iR oS BureS A BT BraBlEBE A fan

bl ood 15! owndreatde uiiBsatRIrSoOp@RIbUEISEESSd op%fsiirﬁé'Qﬁipﬁlmr)fbhetvi/@ff(g,ewh|dh0d_ flow
bet weencapill ari es and arteri ovenous anastonoses, capill a&i/ hydrostati c

pressure, basamenavailable feueraeehangeoling ledirchpt Hinis Agrealitineieased ar
system Altf&s@élp@f'f'ugfén%r?d YR B o e?igﬁ?ﬂaﬁf\(/&?ul% rSefith AL def i ned
parall'e e tofa

settings. i'S 1N exercise, er peri1pheral resistance
al so decreases
This is a novel and unique observation, which has significant impact on the

cardio-vascular system and vascular therapeutics.

15  Thus, application of the electrical stimulus can increase venous blood 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 diagnosticl
20  applications. For example, as the effect only occurs at certain settings, it is
likely 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, ulceration,

and so on.

Example 2
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as work | oad, neasure by oxygen consunption increases. The fall in vascular
resi stance is acconpanies by a progressive increase in cardiac output. The
devi ce mwoDes10dTd®2event w t hout a substantive i ncreasepcmorédsanisand
hence m ni mal oxygen consunption conpared to exercise. Increases in
nicrocirculatory bl ood fIOM/nay addi tionally be explained by an increased

utilisati io Io or 'restjn ca Iar net wor, k i ch
becom. avahses b Toxelult i dias Gead o feasats thergreaicotak Blaad

i ncreased fjgys IHE rB@tEIféJéﬂeOéhoWﬂjmaF%;UFé HeLD?fffLs&qspQQd I%?'b'ld&b?ﬁ@lnc\’@a%‘éa' ar
resistance. This I's a novel ue observation has si gnificant

i npact on upht cai@ﬁ%vaﬁlmldateslylsgmrmmeddscbamhne tmwdatbeuumsignulaftads
applicati n of e.electrical stinu se venous bl ood flow, and

can reduce® %rw%'PB\?@ﬁfNe&‘é@t'%ﬁ PElyfquﬁ(?Bé g{gﬁ%{,ﬁﬁ‘t he artery. Note that this

does not occur at all settings; Figure 3d shows no flow reversal when
stinmul atedExaimBle®, 1 Hz. This effect has the potential for a w de range of
t herapeutic an I agnostic applications. For exanple, as the effect only
occurs at certain settings, it is Ilkelty that the current and freguency at

which it a%ﬂ'éaiﬁénﬁ%a’i%%lW?%dﬁ?a%?ﬂe'ﬁt§ Lat% b tpstipp|aded degs: theei r
normal artggi @ ak% ﬁ%\ﬁn%% REr3 PR is s r58§é$ﬁ ﬁeraTgbsor ers |n .

used to diagnose e presen e and/ or severl C|rcu atory
patient. ﬁnmm@mﬁs mﬂhleystlnnthiataabldagfaoenpaedéoiLaistifﬂLdMeddelg rﬁeinpecbtpt@rl pher al

I be of bengefit. i t
condi t1 ondh el hgeheEnea Y AneEholr L 6Ba tds he fiRadmi and so
on. B{gnplifyt lared dieRp Ry stﬁhUPéﬂBﬁé Yhd &t |H@éaé§ﬁﬁsl€|ﬁ té?ﬁ?é#ﬁt@ret Beyrspeed of
skin blood flow, the results are shown in Figure : | ux (speed of

bl ood) is mdica@aé@rdlngfﬁasedbkmbﬂwnmssperfﬁtmaé r$ ebth@oﬁﬁmr ed to baseline
and the unstinulated | eg, which showed val ues only around baseline |evel.

Example 4

Therapy for Osteoporosis

Every year there are approximately 2 million osteoporotic fractures worldwide.
15 (in 1990 there were 1.66 million, and 6 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 remodelled according to
physical requirements. Osteoclast cells remove minerals from bone, allowing
20  collagen 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 deposits followed the patterns of stress in the bone. Frost's 1987
25 “mechanostat’ theory suggested that bone was maintained to maintain

uniform strain under habitual loads.

Models 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 to lower doses of the stresses and strains
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Exanpl e 3 Skin tenperature was neasured in stinulated and unsti nul ated

| egs; the results are shown in Figure 5. There is a slight increase in

t enper at uwe 2ato/@biz2st i nul ations in the stinulated | eg ceopayB2dI% 051713
unstinul ated | eg. Tenperature in the body is generated by netabolism and
bl ood flow. As the netabolismis not altered during the stimnulations the
slight increase in skin tenperature is an indicator for inc¢reased bl ood

) . S
flow in supaviredital signglebangmaintengres. Morgmscently, ThRWaYSS, ﬂtopaﬁgte@é‘por osi's

Every yearsu?pﬁéf%ggg\%t MQ§idT§£§é%%@cdﬁ1 bhmt tgn @gélérﬂoﬁ’cf e OLtaEhAsR

wor | dwi de. there were 1. m 11 on, on per’ year

forecast mpp2atd tacoocdli ny individhield widalimpa@edahosat perf)sion githei 3y gr oups

i nclude the elderly. popul.atjo and people wth spinal cord injuries. In

the heal t H§IHTRA PNBIGSFNeBB tsTbagg R pisd b, diSUPRYy Aerionelerass Etittitng o

physi cgl rRQMiK Bty vESIHOChASIMEIS! lofver CAmN Ry TEREIE 2usinedioBRodal | ow ng

collagen natrix to réesorb, while osfeoblasts |lay down new col |l agen matrix

and m ner aircuapioni (Sruetari dhe rdheof dhé¢ vagsselsdsl esteegenasisen) Podpokadt over

t he | ast nt t he nechani sm by which the body controls bone density.
i n a6 P8Ry

Vol ff, sed that bone deposits followed the patterns of stress
i n the bone. Frost's 1987 "nechanostat" theory suggested that bone was

mai nt ai nedrHeo preddht dhventitinf hasntisé rpdtentisndermhighid wakcllaadsk fhbided sorf or

expl ai ni ng why songe indjvidual s devel oped problens wi th maintaining bone
density i MSte@QrgsisobysiBaressng RaEESION P heneygdiniyy CRAIMRIP JD WO We¥Feasi ng
use of;nt hg; e @?ﬂén LRSS ty: : r al ired to
Si gnalloboﬁ_—e”%(a i ré ancﬂenfé Iebre rsg@gﬁ/tsIog{ar({?ms\s/e‘lﬁﬁ%ﬁlt%ﬁhggq}gz‘%nﬂldl}%gg@?ed t hat
there i s aausedubgrredocpdneerfusion.t IBecaptlypl phgymaCsutcs ointerventpedors to

oceur 1n Ioré égﬁodrggasscavr\q kt)et] dleH\Pearlecrien?ortéo&?ec?i%fy%gltﬁg ’bo%letbhyeirmpbrgving bone

perfusion.

A study carried out under the supervision of the inventors has demonstrated
15 that 1) Blood 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 results for 12 subjects summated, showing the mean and
standard deviation reduction of deoxyhaemoglobin relative to baseline. The
25  device (labelled NMS) on the chart shows a significant reduction when active.
As an idea of scale, this is compared with the reduction achieved by
augmenting blood supply using the tilt-table method. This is a known
hydrostatic step-change, which consists of the subject lying supine on a tilt
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
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reduced angi ogenesis (itself aggravated by disuse), atherosclerosis
restricting flowin existing vessels, or sinply |ower activity |evels
causi ng lwe=otwass2ci rcul ation. (Trueta J . The rol e of pCliaB2e®#sI A3 N
osteogenesis. J Bone Joint Surg Br. 1993). The present invention has the
potential to mtigate vascular risk factors for osteoporosis, by increasing

perfusion of bone. This can help in two . Firstly, augnenting bl ood
suppl y ovéﬁb@ﬁ%@dﬁﬁﬁﬁPH?PSHU%ﬂOHﬁﬁﬁp%ﬁﬁbﬁﬁfﬁ@3530§ﬁﬂgHvﬁ¥gﬁh@@ﬁmgépfusion
Secondly, rpéed. utical interventions for osteoporosis can be delivered
nore effectively to the bone by inproving bone perfusion. A study carried
out under the supervision of the inventors has denonstrated that 1) Bl ood
flowin the tibia and femur are enhanced when the device is active; and 2)
Perfusion indices indicate that the bone is | ess hypoxic when the device is

active. Fiqgur , i vel . r infrar

spect roscc-)lg& ﬁ;gg%lBS%%Q%W%ggb%%aﬁv&?%glrﬁ%h?& fh%x' é gc%%gstoon, 100
seconds ofdddredohel dihieaftagatseThedd Prludene) drops during stimlation,
indicating that the calf punp aids evacuation, and that oxyhaenogl obin

| evel s rise during stinulation, indicatjn etter_oxygenation (reduced
hypoxi a) . Fi’gl}roé"ef|'§W\tb€ll§e'f'?1|@'$%%§ﬂTEef'BL‘e%i%ﬁ%?L@F@agﬁmmt ed, showi ng the
mean and standard devi ation reduction of deoxyhaenogl obin relative to
basel i ne. The i ( 1 rhlb@g : hart shows a significant
reducti on Megﬁiﬁgg.lb\&gﬁgﬁas%ea ot#&gi:%@ét his is conpared with the
reduction achi eved by augnenting bl ood supply using the tilt-table nethod.
This is a krokearndiagr@seagdasc st ep- change, which consists of the subject

l ying supine on a tilt table, and while strapped to the table they are
tilted i nto.aﬁg%q g upright position, providing a very large hydrostatic

vascul ar stinmul Uus. is chart maybe consi dered anal ogous to conparing DVT
paranmeters with the device to
10 « Enhancement of bone marrow perfusion — for example the management

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

» Enhancement of endothelial-derived nitric oxide and prostacyclin

release.
20
Example 5
Discomfort
Neuromuscular stimulation is commonly used to elicit muscle activity for

several different applications. These include exercise, rehabilitation and
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foot flexion. The foregoing exanples indicate that the device and nethod
may be used to address new clinical targets. These include: Lower |inb
arterial woessg0332Peri pheral Arterial D sease EnhancedPcogB2009050713

| ynphati c drai nage. Cardi ac di seases Fractures Enhancenent of bone narrow
perfusion - for exanple the managenent of sickle cell crises, ischaemc
bone marrow, stemcell and bone marrow harvest procedures - as well as

i pr ovi ng "epteset@mt Obf ftehielr degy depi Jerti rginalales) t 8nd hehasenederaRtow.
ooty | Sbttaloflorbiod AUty LMD g SELR IR gt 1 ore

(Wttmack- Ekbom s syndrone) Enhancenent of endothelial-derived nitric
oxi de and MMes thasy chmmordly ebeen Beainplrevisudy stoonfestarabienr omigoatioar in

stinmulatian is ¢o nl sed tg elicit scle activity for, .severa

di T erent GpPITASIORGUak, gavih P il calb Y el Mskguisers sdipgamion or
andr esor gidiRRs8bcibtEiCwit thd SSmArABnfi®Abt ah igdueat or) and nore recently
augnent ati on of blood supply using the sol eus punp for various purposes.

NVMS has conmonly been used previously for restoration of function in
i nsensat e INntiievBansdte, usgy, iawevepi Aiscopded ompainy during tHisydatigrers an
di scont or tie O, BRI ARSARE LA RadiBEICHETU Al bt etk ue- I the
sensat e user, 'however, drsSconfort or palh during stimilati'on Ts an issue,
and sonetinmes a limting factor in the |evel of stinulation applied.

In NMS, an electrical stimulus is used to cause contraction of a system of

skeletal muscles. Unfortunately, efferent (motor) and afferent (sensory) nerves
10 are typically bundled together in the same nerve conduit, and additional
sensory nerves are present in the skin. This means that, as well as stimulating
motor nerves, NMS causes some stimulation of sensory nerves. If sensation
signals arrive at the brain in large numbers and rapid succession, they may be

perceived as pain in some individuals.

15 Relationships have been found between electrode size and stimulatory
response. It has also been found that stimulation quality 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
popliteal, 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 follows.

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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In NV5S, an electrical stinmulus is used to cause contraction of a system of
skel etal nuscles. Unfortunately, efferent (notor) and afferent (sensory)
nerves arwotzypiwedsky bundl ed toget her in the sane nervepPcomgB2oay/05amd
addi ti onal sensory nerves are present in the skin. This neans that, as well
as stinulating notor nerves, NVS causes some stinulation of sensory nerves.
If sensation signals arrive at the brain in | arge nunbers and rapid

successi orgachhed efni‘? ayeiheherdiciieditdshgygerflqws gﬁﬁﬁgh Be isgugs grom one
Rel at i O”Shﬁlc?&h §1 gth%?lé%tr%gﬁs"‘iﬁeé‘ RIS rd?qﬁdl%&%ﬁf%@ %lﬁgéfbl%tﬂ’f

response. een oun at "stinulation tol erance are
sensitive dhargd mkasmjwudmspattm imtheTisssie thah at tl*cmmmrﬁapertmtweanwlemme

t ted furthe t [ .
ypot hes 1Sk Ba s EHEo TR Bie SrugerdRnstvb at d SoRSHEEE br PEoTdPat od.
since theypy Ib%r%ﬁth‘ir?tﬁeat"&%b 8R6 4k BELyCitBn I QT 198 nbRR, per oneal | at eral

popliteal, w thout unnecessary stinulation of surrounding areas of skin
receptors. This was not found to be reliably the case in our experinents.
Thi s fi ndifxpetimyense weieicondutteddvitls varpusoargangripeeistof edeciiadesite allowal | y

cont ract G Er SRR AR B e Ble fefan S 417 efpbe Rt ©

exci t ati orgesireti Aingliixtoh pointent, a snaller el ectrode provides increased

current density at the skin. However, this does not necessarily transl ate

to maxi mal current densi ;%wat t he poi n% of exci {atlon eI ectrodes are
o)

nﬁcessari I?@ﬁa@@@ﬁfPBﬂ‘é aptagsousotonigve %pec&opgﬁlq %{3 $IEBws
t hrougfy ”@ %gééﬁétléﬁ Wtﬂ@%&#ﬁ%r%ﬁe g(ﬂ;ﬂid"ﬁfsngg{;ﬁﬁé e |(Whith

pluralltyo rect routes ere rge takes a wder path in
the ti ssuendrhmﬁyahaﬂ; hae poditbref axda*abeliuvlaercharwtamﬂ@ aegatike rnntrwceltulalhe
and

effect tha e density i s at, its hi I n the ski owe
W thin ¢ nereragUE s B sstin seateRicrtidi Mt tsER R s o S on s

ver e condugdigf pétbRtiMaltii® surtf fAPE HRBhtagebus 6 PosRidAsa bMall dadiode in

the precise region to be stimulated, and a larger anode at a site somewhat

15  removed, allowing high current density at the stimulation site only, and low

current density (below action potential) generally.

A refinement to this technique is to provide anodes either side of the cathode,
giving a much wider spread of (accordingly lower) charge density at the
anodes. Two possible embodiments of electrodes include three parallel strips
20 (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
25  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 to a standard sensation, which
was taken to be the existing electrode configuration and waveform used in the

30 previous studies.
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smaller differentials between current density at the skin interface and at
the desired stinmulation point. It has been found advantageous to have two
el ect r odewoabiodi7hizer ent size. Since excitation of the necvaBe0%siiieved by
depol arising the nerve (which normally has a positive extracellular charge
and a negative intracellular charge) it is the negative el ectrode (cathode)
that causes the nerve to achieve action potential. Et i%gfound to be

advant agedu8oipalies disepmipredre was Hudrdenvadior sagpicontigeiption hasese

stimul at edy, ﬁ@%c?r'{zlof\f]é?!%rist Beflech tﬁbt\?A§‘?<5'r'etM@(§dor[f§rl§Pé(tﬁﬁv ard /A8 hi gh
current density a e stinulation site only, an W current density

(bel ow actfoorthgosantaal )cogpdigaradiony . THus, e&i pesibve sawré hwgl tiredibateqlessi s t o
provi de anodes .ejther side 631‘ t he cat P.oﬁe, %i Vi n% a r’rHc@ wi der spread of
(accor di n@¥PE apf & RIAVASCOyE Wl PAISaLE Bipse CoRiBTAEsi bl e enbodi nent s
of electrodes include three parallel strips (centre negative) - see Figure
8 - ang t angel {PUF) tes¥faegrlddeode 866fiduratis®s $sedlhe target variant may
have a cl osed or open outer circle, and may be oval. The el ectrode
structures were tested experinentally. Ten normal healthy subjects were
used, rangiwR WaveigiEnpaaieaisetly sypmetic andjasymmelisl sgedigkee ds Weasur ed
by aski ng ] &ct r n i t,

repr esent ibﬁgﬁ\%ﬁggg’ ﬁ%ecl)\?é)rg@ﬁgg’{qaeorf?é\g@ﬂg%@fée%aﬁgg%ﬁé%ﬁ%l)ﬁg%ﬁ@ﬁﬁ (far
left) to exkateneisgmissidéar right). A systemwas adopted for nornmalising

t hese scores relative to a standard sensation, which was taken to be the

exi sting trode configuration and, waveform used in the previous

st udi es.Aellr?g)ﬁ:‘Frélg“é%?jﬁm otﬁfath?tel%‘%@d@/‘()ﬁgefpﬂ'@ﬁo '?sttfﬁe%each
configuration based on the horizontal distance between the VAS for this
confi gyr atighpe and the VAS for the standard configuration. Thus, a positive

score will indicate |less confortable, and a negative score will indicate
nore confortable.
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Figure 12 shows each stimulation 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.
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Figure 10 (A-F) describes the electrode configurations used. Two wavef or s
were used, symetric and asymetric (see Figure 11). In both cases, the
overal | oNergm/i7e3sdal anced (area A is equal), so no gal vamiaB200%(S1ABI on i S
possi ble. Table 2 gives the key to the el ectrode/ wavef orm conbi nati ons
used. Table 2 Figure 12 shows each stinulation configuration as a nunber on
the x axis. For each, the nedian nornalised VAS is shown as a bl ue bar,

\l/Jvith the fagige bashews therrarmaliged WA ratings farepchhawhicesasai sgarate 1t can
t | et |
oxtont 8, QU 8P TR EpReda AR S ndtioviond i&iefatefios fo00T )

shows a sche aspinnfetrivalevaveforase by definition. Figure 13 shows the

normal i sed VAS ratings for each subject as a separate coloured line. This
representation makes. still nopre, obvi ous the preference for the asymetri cal
wavef or m ARl COgRRTEHAt Porbs SYENGyHALEFERtal T AIGsEe s  SPGRIEN:
negati ye el &atddRdf iHe iR Sk BosiBlE IRQeH tHAUPnbgataRy. wa@éfonﬁqmwr}qe-
Waveform findings iIndicate that asynmetrical but™charge-bal anced (1arge
posi tive spiikatef that a@awhnstrisaldiuteshabge-batanged (Hugatnosiivaeyake falow@dr ent) is

hvent | on W aRtsarP b EREGnEdREE R Bl TS CRBTECS "2 1P end bl e,

non-stretchabl e thernoplastic el astomer substrate 12 which includes an

el ongat e topgsferred ehbetpné@itdef ardbvicaraotsiathg &C €8s ilentibntifaholnein. On t he
tongue 14 are printed positive 18 and negative 20 el ectrodes, The positive
i s slightIjoyrgsgdd thah’t HBendguicevd0 eapwrispacar Bendblenchepreletehableduct i ve

t k {22, L0 f 140 | pnt 26,
26| 048t ed E AR RECERRA S A 12UMIER IiISGRPES Elofafe ikl PPaf 2
strip arr angeshdedntseae mdlidedposiessVI® 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 16 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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track 22 and the negative electrode 20, and simlar strips at the edges of
the tongue, to prevent unwanted | eakage of current. Wthin the recess 16
are pl acesoanioal7esseri cal cell (not shown), and a PCB ( necTaimresyyosimiaél udi ng
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
pl astic cover is then sonically wel ded over the recess 16 to seal the

conponent fctidatestierdeyficgydihg %p‘?ﬂ%fﬁ ) 6@@@3’&?& LERevhipb irdicries sdhetber t hi s

provi des | r I act with a user's Iinb and hel ps keep the device
adher ed tgﬂgﬂggg%lg%ﬁemﬂﬂﬁfnay be protected in transit by a peel able

backi ng |l ayer. The outer surface of the recess 16 is fornmed with an

i ntegral diaphragm button 30 and an aperture 32 for displaying an LED. The
button 30 is arranged to contact a corresponding button on the battery
housi ng or PCB toactivate the device. The aperture 32 displays an LED which
i ndi cates whet her the device is operating. CLAIMS 1. A device conprising
positive and negative el ectrodes for adm nistering an electrical stimulus
to a nerve innervating opposed |l eg nuscles of a patient, so as to cause
isonetric contraction of the nuscles; a power supply connectable to the

el ectrodes; and control neans for activating the el ectrodes, wherein the
device conprises a flexible substrate on which are nounted the el ectrodes,

t he power supply, and the control nmeans. 2. The device of claim1 wherein
the positive and negative el ectrodes are separated by 20-30nm 3 The device
of claim1 or 2 wherein the positive electrode is |arger than the negative.
4 . The device of claiml1l to 3 wherein the electrodes are directly printed
onto the substrate. 5 . The device of any of clains 1 to 4 wherein the
substrate is in the formof an
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el ongate strip or tongue, with the el ectrodes spaced along the strip. 6 .
The device of any of clains 1 to 5 further conprising a conductive gel

over | yi ngvoheloal7estr odes. 7. The device of any precedi ngcriGB2m%sansed for
subcut aneous inplant in a patient. 8. A nmethod of reducing peripheral
vascul ar resistance in a leg of a patient, the nethod conprising
adm ni stering one or nore electrical stinmuli to a plurality of |eg nuscles
suf fi ci entClAIMRAuse i sonetric contraction of the nuscles. 9. A nethod of
reduci ng or preventing diastolic flowreversal in an artery in a leg of a

patient, Uhe, BBYRE%AAPIING pRGIREMETY RbGAtVADeRAROES R LRl RALARGEn StI MUl
to a plurality of leg nusctes sufficient to cause Isonetric conttaction of
t he nuscl ededtOcalstimutlbetb Borerve datareatingodpphi ol ldgmsusdies at agatiset! soy

i ncreased peripheral vascul ar, resistance, the nethod conprisin form ng
the. et hod®dP CEUEPaMBH CFStACIO P e T YSEIRS: AP AT il SR necteblery o

met hodsof ghigd Bekrodwbesd Bohthsl rHEaRARS dctivaghS tHecdletirones, amesrelr e
arterial disease (peripheral arterial disease); inpaired |lower i

| ynphat i ¢ dévigenegaprises @i Bexibliessidstrate oaswhishsaneegostatt theeelectrodes,

(Wttmack; d ' Lssue injury of the lower |inb

(i ncl udi nghgglgwgéﬁaamséﬁm% ﬁ?&%}ld%%%@sm cro tears; and sports injury);
and inflammuation. 12. The nmethod of any of clains 8 to 11 wherein an

el ectri cal2. sSThandeviel sf thirmat atheremdthenipssitive darid nebeativel etdatodes3areThe

met hod of any of clai 8 to 12 wherein the stinmulus is adm nistered to the
| at er al p@ﬁpﬁfﬂﬁﬁ%ﬂe%qr;gqmm. The nmethod of any of clains 8 to 13 wherein a
stinmulus is admnistered to a single point on the patient. 15. The net hod

of anygof cirpé Mevitd & ddinthesed Widiginsthepbditved 8ledBHEISIREEF than the

negative.

4. The device of claim 1 to 3 wherein the electrodes are directly printed onto

the subsfrate.

5. The device of any of claims 1 to 4 wherein the substrate is in the form of an

15 elongate strip or tongue, with the electrodes spaced along the strip.

6. The device of any of claims 1 to 5 further comprising a conductive gel

overlying the electrodes.

7. The device of any preceding claim adapted for subcutaneous implant in a

patient.

20 8. A method of reducing peripheral vascular resistance 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.

9. A method of reducing or preventing diastolic flow reversal in an artery in a
25 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.
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at 20 mA, at a frequency of 5 Hz; or at 30 mA at 3 Hz; or at 28 mA at 1 Hz.
16. The nmethod of any of clains 8 to 15 wherein the stinmulus has an
asymet riwowawaf7assm 17. A nethod for preventing or avoirdirgp2®9313t he
met hod conprising admnistering one or nore electrical stimuli to a
plurality of leg nuscles sufficient to cause isonetric contraction of the
nmuscles. 18. The nmethod of claim 17 further conprising nonitoring g force

exper i enceld. ¥y metses frdreatment gfipisorders ahreadierisre by increasgsbagrprhasal
t diti
o oL oMo BRAOr 8 ki Bomblind TR B HBAIPRL BN e

conpri si ngoragiaimb sineal patierdrie needrtbereoél ectrical stinmuli at a first
frequency and/or current to a plurality of Ieg nuscles sufficient to cause

i tri t I d t df I
o det erm Te WorHEoUPh el D Bver b ey SaRte ] sPeplslreD Bhejorted -
and/ or spergd iR aisdawl WaHpHersl §ﬁ§r"'éled|béa§e€)dli't%§g:re3%\~ér A Qe Ratic
pronoting circulation in a patient having a heart condition, the nmethod

conpri si nglraih@igs; scadiaty disrasss, nissdess elegr isyadraoe mMMittrnaack- Ekbqamra ty of

The mot hod GRS s b hAuh LGy e ol RED @5 Bact AREHURGE A
conpri si Ngrajsirly @6y nfiercCleBry; Iaswur%aoatts |h@a@t apdenfRire@ktiede for adm nistering
an electrical stimulus to opposed | eg nuscles of a patient; a power supply

connectable to the el ectrode; and a control neans for acti vat| ng the
el ect rode 1o Hiimebedrofagnkiof daimsap o il huvherein aphelestisal s§malis ici ent t o

I1y; db defibrillator. 23. A
cause for@Prrpr(;%f%ng a&%F&FfoﬂhéQﬂEéél?é{a y; and b) a defibrillator

nmet ho m ni strati on of nedi caments for treatnent of

13. The method of any of claims 8 to 12 wherein the stimulus is administered

to the lateral popliteal nerve.

14. The method of any of claims 8 to 13 wherein a stimulus is administered to

a single point on the patient.

15 15. The method of any of claims 8 to 14 wherein the stimulus is administered
at 20 mA, at a frequency of 5 Hz; or at 30 mA at 3 Hz; or at 28 mA at 1 Hz.

16. The method of any of claims 8 to 15 wherein the stimulus has an

asymmetric waveform.

17. A method for preventing or avoiding G-LOC, the method comprising
20  administering one or more electrical stimuli to a plurality of leg muscles

sufficient to cause isometric contraction of the muscles.

18. The method of claim 17 further comprising monitoring g-force experienced
by a subject, and adjusting the stimuli in response to variations in the

monitored g-force.

25 19. 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
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bone di sorders, the nethod conprising adm nistering said nmedicanent to a
patient, and adm nistering one or nore electrical stimuli to a plurality of
| eg nmusclwe 28ufd7d332ent to cause isonetric contraction ofpcrleB2000305iES and
enhance bone perfusion. 24. A kit for treatnent of bone disorders, the kit
conprising a nedicanent for treatnment of a bone disorder and a device
conpri si ngl at | east one electrode for admnistering an electrical stinulus

to opposedaednntheciess t%fd%{eﬁﬁmﬁemh?trﬁ?rpGWéFO|i§uf?dP§S%o‘hfn@&eaﬁl é’o’t"’o_'sc he
el ectr Odefpréogn@.d%/épt%eﬁmﬁ?él Ja%%tj%?tréé’l heg id PRyuRkget rode to administer

an electrical stinmulus to the nuscles sufficrent to cause the nuscles to

contract isonetrically. 25. A nethod for inproving delivery of contrast

agent s, tHD.mMetrheiioddop iprenatingdircuiatioerin rgpatignt aving asheart ennditiona

patient, sterirgsq one or .nore electrical stinmuli tg arquuraI ity of
Mills

i
Peg musel dBesONeY ARG RAUTIISIRIRG (@ Sthe FREs | JROBPaL § & and

enhancg pedliikgityorofofeds #his e Huffifient® tHeEARE i@SmERRMbhatidpldfetHe Of a
patient, the method conprising adm nistering an electrical stinulus to at
| east one MegClediscl e of a patient sufficient to cause the nmuscles to
contract isonetrically. 27. A device conprising positive and negative

el ectrodes, { %he%@%&é@éléiﬂ?Z@@vl%neﬁlﬁ é?%gsﬂtdhdﬂ&?&r%sﬁjggg&?oﬁwed | eg nuscles

of a patient; a power supp connec e elec and a contro
means for activating the electrodes to admnister an electrical stinulus to
t he muscl €. Alkit icompnisingo cause the nuscles to contract isonetrically,
wherein one el ectrode substantially encloses the other. 28. The devi ce of

| ai m 27 in th iti | ectrod bst antii al | 1cl t h ti
ol ectr ade Db ey SuBBEhG R BRI PHS Te RN AR s NG BBt shBalr o n
the faqpm cy‘tins;magwopro@ge@negs HRECRIE bed Intie AN GEPoWEE suSply ToffectdBle the

devi ce of claim 27 8 wherein the electrodes are generally

the electrode; and a control means for activating the electrode to administer
an electrical stimulus to the muscles sufficient to cause the muscles to

contract isometrically; and
b) a defibrillator.

15  23. 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 isometric contraction of the muscles and enhance

bone perfusion.

20  24. A kit for treatment of bone disorders, 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 connectable to the electrode; and a control means for activating
the electrode to administer an electrical stimulus to the muscles sufficient to

25  cause the muscles to contract isometrically.

25. A method for improving delivery of contrast agents, the method comprising
administering said contrast 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 perfusion of said agent.
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el ongate, preferably generally quadrilateral, such as rectangular, or
C-shaped or U-shaped. 3 1. The device of any of clains 27 to 30 wherein the
posi ti ve wbeotwwas2has a | arger area than the negative eceadBoadasiA2. The
device of any of clainms 28 to 3 1 wherein the control nmeans is configured
to adm nister an asymmetric AC el ectrical stinulus.

26. A method for cosmetic treatment of a patient, the method comprising
administering an electrical stimulus to at least one leg muscle of a patient

sufficient to cause the muscles to contract isometrically.

27. A device comprising positive and negative electrodes for administering an
5 electrical 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 electrical stimulus to the muscles sufficient to
cause the muscles to contract isometrically, wherein one electrode

substantially encloses the other.

10 28. The device of claim 27 wherein the positive electrode substantially

encloses the negative electrode.

29. The device of claim 27 or 28 wherein the electrodes are in the form of

concentric, or substantially concentric, circles.

30. The device of claim 27 or 28 wherein the electrodes are generally
15 elongate, preferably generally quadrilateral, such as rectangular, or C-shaped

or U-shaped.

31. The device of any of claims 27 to 30 wherein the positive electrode has a

larger area than the negative electrode.

32. The device of any of claims 28 to 31 wherein the control means is

20  configured to administer an asymmetric AC electrical stimulus.
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