| ONTOPHORETI C DRUG DELI VERY SYSTEM FI ELD OF THE | NVENTI ON

[ 0001] The present invention relates to the field of devices and
systens fowodedwozensd ng drugs to nedicate a patient, andanusz008/073292
particularly to an iontophoretic drug delivery system BACKGROUND OF

THE | NVENTI ON %@ﬁﬁ)ﬂ% ery system
| ont ophoresis is a nolgfk?ﬁd)g I've ne ﬁ?ép pr opﬁl 1 ng char ged

nol ecul es, normal ly nmedi cation or bioactive-agents, transdermally by
repul sive el ectronotive force. By applying a |l owlevel electrica
current to a simlarly charged drug solution, iontophoresis repels
the drug ions through the sldn to the underlying tissue. In contrast
t o passi VEIELInOFJGKINVENIEONdr ug del i very, iontophoresis is an
active (electrically driven) nmet hod t hat alloms t he delivery of

sol ubl e ionic are not ecti v t he

aki e Do0os) - AP Zus miteaPirFrliSh vk Gute oY AP REPRR SN, 1

Drug nol el é@mg \@nt%te t@n@cﬁ@dté aymeﬁham@@oﬁrmmtmamm irnibftoplmretidkdrog by an
anode and those ecul es vvith a negative charge are driven into the
skin by aleb¥yapem. [0004] There are a number of factors that

i nfl uence iontophoretic transport including skin pH drug

concentr oni ¢ conpetition, nolecular size,
current, ﬂ%gﬁﬂgggyUﬁﬁﬁgﬁfkﬁghfiﬁ gkln resi stance. Drugs typically
perneate the skin via appendageal pores, including hair follicles and

sweat gl ands [0002] Tontoph@8iSs aldawy dikesf/egitem hRatophioresipiss maMavdsiiges
over ot her dellvery nmet hods. The rjsk of jnfection is reduced

because |13@ﬂﬁ]ti oresiling phergrdrnglerples; Rpsmalky mec dication b BR&T S8 Hovi des a
relatively, aqybg% Sﬁt’sye%ctleﬁlo&@é fofdal %yvarragryﬁrgs 16:leiet el chnah! e
to recelve |nj skin tissues, “drug. sol utions may be

del i ver edo aismtatlyyha.*rgndtdmg foligimneniopliress pelhibadraghensdheoael hetshigds  of
| 0l ectl ong ﬁw%hts (i Bp R HRa Vet BRsadii R anrgncrtt&& Qi hforesis

nlnlnlze tTssu aumnma (el W t h
i ncreasedk zﬁf @fﬁ%l (e&cﬁ*fcﬂm @iveh)inethod that allows the delivery-of soluble ionic- chugs that

are not effectwely absorbed thlough the skin,

o [0003] An electrode_drives charged molecules into the skin. Drug molecules with a
positive charge are driven into the skin by an anode and those miolecules- with a negative

charge are driven into the- skin by a cathode.

I0004]' There are a number of factors that influence iontophoretic transport including
slﬁn pH, drug con'cent:ratio.n and characteristics, ionic cotnpetiti'on, molecular size, cﬁi'rent,
‘voltage, time applied and skin resistance. Drugs typically permeate the skin via

app endageal porés, including hair follicles and sweat glands.

[0005] Iontophoresié has numerous advantages over other drug delivery methods, .
The risk of infection is reduced because iontophoresis is non-invasive. Also, iontophoresis
provides a relatively pain-free option for patients who are reluctant or unable to receive
injections. For skin tissues, drug solutions may be delivered directly (o the treatment site
without the disadvantages of injections ororally administered drugs. Further, iontophoresis
minimizes the potential for further tissue trauma that can ocenr with increased pressure from

an injection.



SUMVARY OF THE | NVENTI ON [ 0006] An iontophoretic drug delivery
systemis disclosed. The iontophoretic drug delivery systemincl udes
el ect r odeswomnbtwmbized by a m croprocessor controller topchiseesmhaoged
nol ecul es through the skin into the tissues of a patient. The

i ont ophor et | r i em further includes a wirel ess signal
receiver g&rm(&%hﬁm cessor controller. The wreless
signal receiver allows for the programm ng of the mcroprocessor and
for the exchanggogf AR#ntRRbreticlitg dedRby §ysRal iBREo¢d! ahe tnidphereiBtiugn
bet ween the m Ccroprocessor and an external device. The m croprocessor
may be pr dgliemnesstemhinguds elepteodgs pentiodlad BY g masropracsssoy epntyglichtodiivg
delivery schedul e i ' :] [ y 8¢ d a
parti cul argﬁué‘f#nelﬁl?&génsgﬁrg%{l @gflf]%rﬂl% K‘géfrgﬁgg pgs%r\g]gti Fﬁggont i %% ghgfr%ed
drug nol eg@ulivesy ésrn fartker drclndena ivirelzss dignableceivirgontreted tethe mickeproTensor
operation of the electrodes, .freque duration,  and level of

VTt age. ABBHTANGE The i Spaer-Ry o Ak hirogaaRRe o B prgoessor
provi des poyRE tHeQxtifed FPaREHIIRS, iafid HEMINSRL related inforhIAO betWaen the

i ont ophoretic drag de%| very system may be optionally housed within a
thi n pol yestreprotdsianan® abexitreal dyriec.i BitiBisHoresesser MR Rresiapersd trpughem
is configyred | . ] Xl e kel gher es
to the skilphrds iSRRG i BB RBRKR sk KRR EIAELE NIRRT
edges of tddkddshgssidlagaypiatlahpatieyt aoé medivetiaie dA diugheserviir gbnteing khagdfedig e
to maintain the integrity.of .the.skin-patch baoundary,.. A lower tack
ndhesi ve. OlGsHEY LA GO SN DL AR B Sgs e Prstet el PR,
to make t hepuEpQsRiitd, AiERval veltagk BEplied] i§ Borftfolled by e usieroprBEssor. A
pai nful . The driag reservoirs can _be fornmed of a nenbrane or a gel pad
i n which bafteryegvidesipwsalo the jostopherstic fgvicet ed. [ 0008] The

i ont ophoretic drug delivery systemmy contain different various
nunbers of dru rvoi i i r t,.
Where & oi ngi oltgpTgiesSlsie R S 9 S B BE LY R LTEA

si ngl e dr tign pelgeter Girh netbanenThoetophaetis didg deliftarsystamtis eatfigared in the

requires two drugs that, have oppositely. charged.solutjo the system
my | nct uhes of SRy Mol 2eeh b PRERD 58S rel TR At e
el ect r odegyne MRJIEneR | thd dlz6s ﬁfth@ﬁeﬂilﬂy})ﬁtﬂh g be piRidedraith @ hagletatlsailiesive
they may be either mxed into a single drug reservoir_or placed in

mul tiple trognisthe nery ofdeaskapaeebungary e §dewe R adhesttais g vkiadi ng
the same glactyl i hipSsefil rdrilSyaBbORE pAEES
may vary %tﬁ%tﬁ#%Feg%?ﬁlgﬁ%f()tgfﬁgﬁalgpggggog I ng ﬁgbéﬁ teherstreangth %f t he
el ect ri cafromithe eswetlesspaidfat The dreg wsovcicewn ba fomdéef 3 menbiape otp gg) pad in
nol ecul es of ,vario Siz into.a patient's skin. [0010] In one
exenpl arngm}(gg?rﬁgﬁcﬁ?gpargﬁagﬁzg%we Ee@s and the nicroprocessor, battery
and antenna are attached on opposite sides of a flexible sheet. The
el ectrodes, M RHHEH LRSI hordhs Lh@raslivad s%*fﬁn@ﬂlﬁﬁccaﬁzm gifeednt vaeddsy

connected utilizing conductive silver 1nk. Through holes fornmed in
the fl exi blrabahefdrugtesavaiissapindingspae the perisuiar Beafperde IV liege ¢ Hasle drug is
M Croprocessor . t : ] ass Q?I batdeery
are attachéd® El%lv? %g’ tg‘%/é'tsg%qﬁ%ﬁlog co%ﬁﬁ@tg id\imécr (E:%P‘rr@%? jaeéhic of 8011] In
anot her eRheed Medatmert heuisssstve rrugitiut hovetopbosiyrchaged sdrtpos,ghe gystem

neasure parapeters such, as. patient .skin tenperatu mi sture at .the

et on poEkEMeIGE AR sPpE ATA Sk o oo isiED Shitts SepiesalhGapytit

rel ated p%@é”ﬁéﬁ{gﬁh? lsame Ch&l%@ atluséd, Resy 19 RGitEer nhieed Mtassingld dagpect s
W

of the invention _beconme apparent, fromthe foll ow ng detai] ed
descri pt i werveiher placed ipataliplegires wagTvess caglhliacke agpyperfileFlechafinmiaving
BRI EF DESERI JE=. DRAW NGS [ 0013] The novel features
that are %ﬁ%%%%%g%a acteristic of the invention are set forth
with particularity in the appended clains. The invention itself;




[0014] Figure | discloses an exploded isonetric view of a

I ont ophoretic drug delivery system [0015] Figure 2 discloses an

| sonetric wioanmufizean | ont ophoretic drug delivery systemcTus2008/07§016]
Figure 3 discloses an isonetric see- through Vi ew of an iontophoretic

drug delivery . I SS
of formng ci r@éﬁé]atﬂefs&e ogwee%ﬁqof%\ %Pﬂ m&t ?m;gloe&rgglg@s?p% hat

wher ei N ypon the {tRAH]of HeGlceRallkuant rﬁé\lede@beproauqnd inndridéigo dfive tirugui t ry
on a pri mar% conmponent side of a la Sygﬁlp [0019] Figure 5 depicts
a deposi t PEIFCHES of veriens sizes M katiens a primary conponent side of a
| ayer; [0020] Flgure 6 depicts a printing of circuitry on a secondary
conponent sid odes
on 5 Secondar y B}t B fodfm Rk Bl aRO o iR bR 2
deposi t i obatiefy alidehtenta dre attmbel anadppositeaidee chnlewibie dwnp dierdecgpdis, of a

| ayer;

microprocessor, battery and antenna are electrically connected utilizing conductive silver
ink, Through holes formed in the flexible sheet electrically connect the electrodes to the
microprocessor, battery and antenna. The microprocessor and battery are aitached to the

system using conductive cement.

[0011] In another embodiment, the system main contain various sensors to measure
parameters such as patient skin temperature, moisture at the system/patient skin interface, or

other patient or drug delivery related parameters.

[0012) Other objects, features and aspects of the invention will become apparent
from the following detailed description, the accompanying drawings, and the appended

claims.
BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The novel features that are considered characteristic of the invention are set
forth with particularity in the appended claims. The invention itself; however, both as to its
structure and operation together with the additional objects and advantages thereof are best
understood through the following description of the preferred embodiment of the present

invention when read in conjunction with the accompanying drawings, wherein:

[0014] Figure 1 discloses an exploded isometric view of a iontophoretic drug

delivery system,;

[0015] Figure 2 discloses an isometric view of an iontophoretic drug delivery

system,

[0016] Figure 3 discloses an isometric see-through view of an iontophoretic drug

delivery system;



[0023] Figure 9 depicts a filing of a through hole in a |ayer;

[ 0024] Figure 10 depicts the attachnent of |laser cut foamto a
secondary worpeaneatse si de of a | ayer; [ 0025] Fi gurreTits2¢Bprbs a
formati on of drug reservoirs on a secondary conponent side of a

| ayer; [ Fi gu | G Lt ks
cpoxy’ on a pri ROEg) SEeS ke ouPHE Gboesf pLRRRL Aoy EARMEIEY B
depi ct s adpliwees@nm, aheemmponents on a primary conponent side of a

| ayer; [0028] Figure 14 depicts a deposition of an encapsul ant
on a primary conponent side of a_ layer; [0029] Figure 15 illustrafes
a conpl et ed” pr [A9d$hFiseapdaridA denicd apringng ehpaeuitry oigauimareoymrogentgide
illustrat &9 %&orrpl et ed secondary conponent side of a |ayer; [0031]
Figure 177 dSirates a side view of an i ont ophoretic drug delivery
system [0032] Figure 18 illustrates an adhesive pattern on a
secondary conppoedtFigidd depicta aldeymition of dielectric material on a primary component

side of a layer;

[0020] Figure 6 depicts a printing of circuitry on a secondary component side of a

layer;

[0021] Figure 7 depicts formation of electrodes on a secondary component side of a

layer;

[0022] Figure 8 depicts a deposition of dielectric material on a secondary

component side of a layer;
[0023] Figure 9 depicts a filing of a through hole in a layer;

[0024] Figure 10 depicts the attachment of laser cut foam to a secondary component

side of a layer;

[0025] Figure 11 depicts a formation of drug reservoirs on a secondary component

side of a layer;

[0026] Figure 12 depicts a deposition of a conductive epoxy on a primary

component side of a layer;

[0027] Figure 13 depicts a placement of components on a primary component side

of a layer;

[0028] Figure 14 depicts a deposition of an encapsulant on a primary component

side of a layer;

[0029] Figure 15 illustrates a completed primary component side of a layer;



[0033] Figure 19 illustrates an iontophoretic drug delivery system
having three drug reservoirs; and [0034] Figure 20 illustrates
a side vi ewoahosazbisdt on for manual |y operating an i ont qmrseidso7dsig
delivery system DETAILED DESCRI PTI ON OF PREFERRED EMBODI MENTS

[0035] Wiile t vent as been shown and descri bed . w B
reference to aﬂaﬁ%{h Lé)q]é‘ﬁtff”g |WHP?6EG%€F?§?}H?W icf)mRPIFanﬁge %ﬁ?glgyeét ood
to those skilled in the art, that various changes in formand details
may be made t Ry rFlngé gpﬂ'l]hstga@&aarsﬁde%\; 6%151&1@;)11%%&0‘ cﬁ'ug'J‘Mv&% crfdf

t he invention. Figure 1 discloses an exploded |sonetr|c
view of an iontophoretic drug delivery system 10. System 10 provi des
a non-invasi ve0032] Fighro8 bluedslai ndhedarvg pattoom ae a secandansompfonantshiroged
substance, nornally medication or bioactive-agents, transdernally by
repul si vel®ect ronoti ve force. |ontophoretic drug delivery system 10
i ncludes a m croprocessor controller 12, a battery 14, an antenna 16,
printed fl exi ; ﬁ]']pﬁg ; ngée[

Drug reservoi ﬁgﬁfrﬁ e %%%BT%EBS%@F@Q% gggrsugggﬁl‘éeggsy%e%% | ect Irl%(é;gleu 20
and 22 arn(dsaﬂvqng,mdservoi rs 24 are contained in flexible | ayer 26 that
conf or ns to the patient's body in the area of application. Layer 26

and | ayer nded t her to seal otect .m croprocessor
control | er %M% eéﬁﬁtgofhew %ﬁtﬁ"%?‘?fﬁ?é‘trnr‘t GSTE ™t i ng 18
The constlgﬁg% @alcaj@ﬁig@@lhgﬂygygt@hl on shown i s an exanpl e and not
intended to be limting. [0037] Antenna 16 provides a wireless
capability for system 10 to comruni cate with other external devices.

In an excdPTAIVEDBRSGRBTIONOF SREFERREREMBOMMENTS ant enna, a
bl ue-tooth enabl ed device, an infra-red w rel ess device, or another

W rel ess sign I ena16 fu tio s. an -RFl D.ant enna
or can recei vibfg’isg&g ]§%i‘er r‘ilﬂ ﬂ%slptegrf {f@gsc{tﬁecﬁwglﬁreggs%&t?l ve _
coupl i Ng. paARRR BAbJAmeRRhedt STt Wel mﬂltimgwb@cb thosetshitled hegpe aﬂjtlmtn)dﬂﬁrisl ve

coils in order to receive signals froman, outside dg,é e

ce throu
i nduct i vecharaspin fygn and dctalls[fe%yéte]m © fhegmn piheut depaedng om phs Sé’mélag%ed on
an outer 86,26 and a | owtack adhesive 32 is placed within
t he |ntersgg% Jf’ﬁeealh%t" lhe skin contacting surface of |ayer 26.
Hi gh-tack adhesive 30 extends around the periphery of layer 26 and -
secures the oyooss] egge: lodisctysst emsxpddedisbinetris kiew affandopeplioestic.drug

Fr om poel REETEsien doare B moRARAR roRe BB rBafPelly '

adhesi ve c%ﬁcén&aﬂﬂn@@ﬁﬂcﬂaﬁgdd@ﬁbdta’hb@ﬁlﬂﬂﬁal@rr@@hdﬁfloxi aytoaclbe-bgents, i nward
with respect to tack adhesive 30) to nmintain contact

bet ween Sipssdermally Té’ﬁﬁplﬁﬁeﬂ gRqtrpmofive foecen é‘t’lit@ﬂ’toreﬁ?hléuﬁf?@v?w syge dck
adhesi ve ﬁ ?&@\Aﬁrﬁfﬁﬁ%ﬁé@% cgﬁtr clle? Ef Prhferl 2] r@ntahf'enﬁg 16 pahted rRAbLIAHEng

| ess painfu ’adhesi ve’ 30 provi dés stronger
bondi ng i, srhdeqieds phend ambietrt@ds 22 El'ugee@ewlrﬁﬁé arercouple@ipegiectiofgsi20ng

o ef or r odU gRCEBT I LR SRR R 2 Resp el MG 1 26 e
based adhgsfovfis fohad ?anamrsatmdgﬂnyﬂleufeedf arppmbatmn Ehprt26and bgardore bhaded

radi ati on. Preferab t he adhesive is n @Oﬁsent %)et ween he, drug
reservoi rtO@ﬂleéH—‘tFeﬁlh’é Protest macroprpgessog gonttoller o brtiprit erties

of -adhesi\e3Xel Rk 14! ¢ Eo%sthﬂﬁoﬁ Sl ERARgRhtidnNBoWh #hn RYSHRTh Hot
el i i nat &5 any I nteraction between die drug and adhesive matrix. In
an exenpliseydednbbeliimiing, t hese adhesi ves may have peel strengths of
8.5 or 9.3 Ibs/in. Adhesives wth stronger or weaker peel strengths

may be used w stem 10. . 0039 rel ease.la 34 .S, aced
over adhesive [@%iéﬂtze@y Ttlsgprﬁ‘flgtseac‘% %ﬁﬁk%ﬁ%]ﬁ%ﬁ 53(13531%%@{% %
renoved fyigiaderekRmalevicdst InhicRémploryReddiingns Metein IJSQni}LbeIdna{]ESEI n of
a patient. Layer 34 nmkes sufficient contact with adhesive 30 and 32
antenna, a blue-tooth enabled device, an infra-red wireless device, or another wireless signal

receiver. Antenna 16 may function as an RFID antenna or can receive signals from an

5



charged drug nol ecules are not able to readily be absorbed into a
patient's body wi thout the W) 2009/026139PCT/ US2008/ 073292

oper ati on w wbeetedes 20 and 22. I n one enbodi nent, drIguezes®rIL01 IS
24 are a conductive nediumto support the function of electrodes 20

and 22. By king dru eservoirs 24 also a.conductjve nmediym . system
10 can f uNEEISACTFT Heh R LR e AT AIRCR LR P TRPAEREL Rt gePe
battery 14¢|HifQivaReild iBdHE! RebdiR: HEMRHonPin SliideaviRWirobgH Bddtive
patient's skin, of which a high anobunt of current can cause

irritatiomsoupliggi cally, the solution is injected through a port into
drug reservoirs 24. Electrodes 20 and 22 drive the charged drug

nol ecul es out Qf..gdrudg. reservoirs 24 inta th in,of fent.. ere

the reservoir @23%%%{%%&5‘18@1‘{83{% Sepla?e(éé) 11iaﬁol %He%g%fogiaﬁg lrarﬁafilg{gea lﬁflwiv:ed

with the ggkffkivk 32 GUlRed Withkithemtannl ars sLMbkied comthaingherfae Sf tiyerlLs.

[0041] The basis of ion transfer lies in the %rin iple tha% i ke

pol es_ r ep&figh-arladiasiysd %@%a@%‘:}%ﬁnﬂh&?ﬁ?ﬂ &f %ém%aﬁﬁﬂrﬁq & OWies $sg

positive gf ﬂ@teﬂeﬁﬁB me%fc&f@@%%ﬁé}ﬁ.eﬂ{gmséﬂ Rbledivd 3 it B bRvEY ndfisture or
arge ectrode pl t. W d

i dentical che the elec aces over it. Wen a direct electric
current aphysicat foscedtosrpachugsyszm Kheff obthe gl efispatient Hevwstorkedhssive pdis

with a negative.charge, are..re .ed. i

o ect r odeb e ERUBedELad SIERRSE (b M RREOR b B (EROEAENC 20
from t he pogiihiatbecogtacitetvde systdre 1@ hetthe sldmbf the patéant. Thel use of lovrtack

t hrough the .. skin that woul d not be absorhed_passively. .T aptit
o one ¢ piesing 52 Fraks ool Byomd Dt e SR or  parp) Epna g et 1
current dgRsidcl 1808ivE 90 bR RIBEHzeYonliingBt thd Berfgheryaierd 1t el dirask ko

the solution. Current density is deteimned by the strength of

el ectric picedndlifiing of the cdgaeftsysiam 18ior expoping ayptqne i) ounpishye. ot PisigeR i s
inthe ra 4 P9k : : [ Q,ARd
22 surfacg’.%g?ﬁ%dgg%ﬁerrengﬁ é%%{gng VQ?’Q liég#%’rv?/%gg%%g? @Ieg@%?%%{si %‘[ﬁd%f u%la

t ypi cal hwithan platttearicam lof UM mdiatiod &e2@bhnthe 28heaive it mod psagelt betvichietheby

concentrating the. qurrent (or if. th urr i,S too hi i. y be
ot 6 uncotpe e 2 b h s b poaed Wi Bl R mhReih 8 bepeils T
sensed asgRforifiMichéthe release ofl MRl Esti [ @el@ningdids #ydnRracantbdtivess the e
printed wiring 18 are preferably nade from a flexigllie_ mat erjal that

can bend divgrnd adhesivomatriy. Ebir eepiplayy erabadiBent,Ihtse adhesiyRs WrBhasPethe
patient's Aar ' rd ' Lil e he
ok wi th SR oL o K Bl B el R o R
of sil verwithegteot ike ink within the range of 8 to 10 milliohns per
square is desirable in order to have sufficient current to drive

drugs into the atum cot heum. The Jjnk be. silver (A afr.
exa?rpl e, and Aﬁ@ig{;e‘&ﬁ%‘ﬁ? er?‘g‘].lﬁljﬂﬁiff %Vé?ag%%s%ﬁqﬁlﬁdﬁg t%%’f"g%"&%{]ﬁ“’e 30
rolling) gt®. Tayar42frembed &0 VRS | @fushprive & banding syittmdD te iedkiatofve
inks have a resistivity in the range of 14 to 18 m.l]ioh per
squar e, whpasient. Liayer3¢ regkes suibeienicontodwitisdbestys 39rand 82 m@q@ Hygis34 to

t hrough t to d
i1 vor bR S FOREN Rusk GEAIGIER B0 SIET8Ea i 7 TRIARS. 10or 34
el ect r odeis c@fedwih 2 gilitonehagedrelessa lcoating taugnsturedhat iean be pérdedodfdwijheitdr ug

nol ecul es_will typical h one charge. Thus, only one of
el ectrode%eg%%aydg‘?wc?ﬁh(yﬁ}% the charged drug nol ecul es into the

skin of the patient. The el ectrode that drives the charged drug

mol ecul es i nt qo§dig OdRtcb® Mg Inctbduls b coRIBLE WRin' BiEieb@foitsR4aWhRA faces
active el ectrode, "which is coupled with drug reservoir 24. A passive
el ect r odetht hattent’s skinthrengh ph egening ia lajeridp. rlamig peperveirp 44 wmepr e geload ke

circuit with the 4V, r ng: 3 i ving
ULl Mhble LR, DS AL Sk iy B ke 0t
t r eat mentigjectelleBg hptegeatisg e geltpad ni mgmbiaae wehl chargegl drog molebelss, they have

charged drug molecules are not able to readily be absorbed into a patient’s body without the



[0044] In many drug treatnents, a single drug is used. However, it is
common for the efficacy of many drugs to be increased by conbining

t hei r del i weygoonz6130 ot her drugs Thus, system 10 may be Omnid868f¢8shot O
deliver nmultiple types of charged drug nol ecules. In the case where

thenul tiple drug | ecuyl have 1 he sape.charge, those ugs nmay he
conb ned 1 RSHER RSt 3 Rl S e GBPTOPR IR BPOD ALATE SaPTietve
reservoir 2l # Abef the AREEH BT YRR Ne ahd182. BY fnbbh £ dehictasroay 84 LRe
sanme charge, but need to be delivered to the patient at different
times or iarsonductiermedivapysiemtli0egn fungiion witla kvt ameuy of orapf, diereby

mul tiple I i 4 . I . : : I

fuo. d ugs O RESHHEL e at A e e 3 oF P AR RIS HE
and 22 ar evhshoMiigleanont bf cfrent cae sarse diitatioR 4T §pieallgiethe sedutiongs irjetad

respective druygs tq th atient. ln,. one, enhodioent r reservoirs
24 are f ofiees POWHﬁodgb%FSE(YO.“@.Zﬁ' %l%P%nggigf%‘{e)tge &%@ﬁﬁf'ﬁar
enbodi NNty &g odidF BFEQEdS0R4 24 1ffo HRIRBGS 8 PatibntTEWRER IR redieoiSie €

el ectrodes 20 and 22 will vary depending upon the size of the charaed

di ng nol edngluses haal, thedups i ienicriiom gay be paiwd withthe sel patiasyrechiosgheian
Thus, in i ltiple electrodes with nmultiple drug
chanbers %%@?%H%%&ewﬁéﬁé%es of the electrodes and drug chanbers
may vary, [ 0045] One or both el ectrodes 20 and 22 are nade of
Ag/ AgCl pri nt abjoe4gorn@uatis viioh Rknsterdics ipthe ftitile tdelkeld]anebelZnd uelike
covered by drug reservairs 24, whjch nmay be forned from hydroge hat
contai ns PP @%ﬁcﬁd@éﬁ: B?l%l_’%é%%‘ﬁ}déé:l"’ﬁ“éﬁ !36‘8%"?"9 ghaégpoarg 2‘%’5{1@%6{% th? ed
to the fl ey E&F% ﬂﬁhtk{gaf’gllai@ertﬁékgecja%d%fatbs%vgﬂiﬂ W enGoREICdche: dielediTer

in

Thick Film( : n a preferred enbodi ment, a |ead-free, silver
| oaded i settiveiss deeoderiZ and@2camenstin fhe sokyben, iMatvifrairaess chprge, are

el ectri cal LCa ) i j i - Oy .S our e
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drug reservoirs 24 may be used. In a case where there are two drugs having molecules of
opposite polarity, both electrodes 20 and 22 are provided with drug reservoirs 24 for
delivering their respective drugs to the patient. In one embodiment, drug reservoirs 24 are
formed of hydro-gel (i.e., a water-based gel). In another embodiment, drug reservoirs 24
are formed on a membrane. The size electrodes 20 and 22 will vary depending upon the
size of the charged drug molecule that they are trying to repel into the patient’s skin. Thus,
in embodiments where multiple electrodes with multiple drug chambers 24 are used, the

sizes of the electrodes and drug chambers may vary,

[0045] One or both electrodes 20 and 22 are made of Ag/AgCl printable conductive
ink coating. Electrodes 20 and 22 are covered by drug reservoirs 24, which may be formed
from hydrogel that contains the charged drug molecules. Electrodes 20 and 22 are printed
to the flexible printed wiring 18 with a highly conductive Polymer Thick Film (PTF) ink.



Cal ci um deposits Atropi ne sul phate + Hyperhidrosis Cal cium +
Myopat hy, nmyospasm Chl oride Sclerolytic, scar tissue
WO 2009/026139 PCT/US2008/073292

In a preferred embodiment, a lead-free, silver loaded isotropic conductive cement is used

that provides an electrical and mechanical connection having resistance to moisture and

thermal shock.

[0046] Battery 14 powers system 10. It is desirable-to make battery 14 as thin as
possible, along with the rest of system 10, in order to enhance the ability of system 10 to
adhere to a patient’s skin with minimal disruption to the patient. Battery cells on the order
of 0.7mm thickness can generate up to 3.0 volts of electricity and multiple arrays can
generate and control up to 9.0 volts of electricity. This amount of power allows for wireless
programming and data acquisition with microprocessor controller 12 through antemna 16.

The type and construction of the battery is not intended to be limiting.

[06047] Iontophoretic drug delivery system 10 may be used, in one exemplary
embodiment, as a method of local drug delivery in a variety of clinical settings. System 10
can administer a local anesthetic to prevent painful sensations during skin puncture
procedures, such as gaining venous access or injecting a drug intradernally or
subentaneously. System 10 can also deliver nonsteroidal anti-inflammatory drugs and

corticosteroids in patients with musculoskeletal inflammatory conditions.

[0048] The rate, timing and pattern of drug delivery wsing iontophoretic drug
delivery system 10 is controlled with microprocessor controller 12 by varying the electrical
current applied to electrodes 20 and 22, Microprocessor controller 12 can be programmed
to provide a variety of drug delivery profiles where the duration and frequency of drug
delivery is varied based upon the treatment parameters. The speed with which a drug
delivery system can provide efficacious blood levels of the target diug determines the onset
of therapeutic action. Iontophoretic drug delivery system 10 allows many drugs to pass
directly through the skin into underlying issue and the bloodstream at a rate that is
significantly more rapid than oral or passive fransdermal drug delivery methods.
Microprocessor controller 12 is programmed wirelessly through antenna 16. In one
exemplary embodiment, microprocessor controller 12 to configured accept programming
once and only once, thereby ensuring that system 10 could not be erroneously

reprogrammed or purposefully misprogrammed by various electronic devices.



Citrate - Rheumatoid arthritis Copper + Astringent Dexanethasone -
Tendinitis, bursitis dycopyrronium brom de +
WO 2009/026139 PCT/US2008/073292

[0049] As an option, microprocessor confroller 12 may also perform the function of
data acquisition of drug delivery information on the actual drug delivery performed by
system 10. Drug delivery information, for exarple, can include an electronic record of the
date, time and quantity of each dose delivered; providing information for determining
patient compliance. Electrodes 20 and 22 can be used to determine whether system 10 is in
contact with the patient’s skin by the operation of electrodes 20 and 22 and the resistivity of
the patient’s skin in the electrode-skin-electrode circuit formed when system 10 is in contact

with the patient’s skin.

[0050] As an option, system 10 also may include a manual button array 36 (shown
in Figure 20). Manual button array 36 is coupled to microprocessor controller 12. Manual
button array 36 allows a patient to manually operate system 10. System 10 is preferably
programmed with drug delivery information to automatically deliver drugs to the patient. A
patient can deviate from or override this program and manually operate system 10 to deliver
drugs with manual button array 36. Manual button array 36 can allow a patient to deviate
from the drug delivery information and provide either longer or shorter drug dosages more
or less often than instructed in the drug delivery information. A patient can also turn off
system 10 with manual button array 36, for example when they are feeling negative side

affects from the drug delivery.

[0051] Electrodes 20 and 22, flexible printed wiring 18, antenna 16 and other
circuitry components in system 10, in a preferred embodiment, are made from Polymer
Thick Film (PTF) flexible circuits that are rrianufactured using a technology that consists of
a low-cost polyester dielectric substrate and screen-printed thick film conductive inks.
These circuits are made with an additive process involving the high-speed screen printing of
conductive ink. Multi-layer circuits are manufactured using dielectric materials as an
insulating layer, and double-sided circuits using printed through-hole technologies. Figures
4-15 show an exemplary method of fabricating system 10. Both active and passive surface
mount components can be adhered to PTF flexible circuit assemblies with Conductive
Adhesives (CA's) or with Anisotropic Conductive Adhesives (ACA’s). In a preferred
embodiment, to ensure optimal performance when system 10 is flexed, all components are
encapsulated between layers 26 and 28, which are bonded together using a hydrophobic

UV-cured material developed specifically for medical applications.
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[0052] It is advantageous to utilize PTF flexible circuits because they are inherently
less costly than for example copper based circuits. PTF are formed on a dielectric substrate
that circuit traces are printed directly upon. In addition, PTF typically uses a PET substrate
which is significantly less expensive than the polyimide substrate which is commonly used
in copper circuitry. In addition, as PTF circuits are more environmentally friendly as they
are printed directly and do not require the removal of materials where chemicals are used to

selectively etch away the copper foil to leave behind a conductive pattern.

[0053] The charged drug molecules vary in size for different drug compounds.
Larger drug molecules require stronger electromagnetic forces to drive them into the skin of
apatient. Smaller drug molecules require lesser electromagnetic forces to drive them into
the skin of a patient. Thus, it is desirable to vary the size of electrodes 20 and 22 based
upon the size of the drug compounds in order to deliver an optimal amount of
electromagnetic force to drive the drug molecules into the patient’s skin. System 10 is
therefore preferably manufactured for a specific drug molecule size by having a tailored size

for each electrode 20 and 22.

[0054] The table shown below provides an exemplary list of diugs, the charge of the

drug molecules and solution, and the purpose/condition for which the drugs are used.

Drug Charge of Purpose/Condition
Solution/Drug
Molecules
Acetic acid - Calcium deposits
Atropine sulphate + Hyperhidrosis
Calcinm + Myopathy, myospasm
Chloride - Sclerolytic, scar tissue
Cifrate - Rheumatoid arthritis
Copper + Astringent
Dexamethasone - Tendinitis, bursitis
Glycopyrronium bromide + Hyperhidrosis

11




D iinal anesthesia Magnesium + Muscle relaxant Penicillin - Infected
burn wounds Pol di ne net hyl sulfate - Hyperhidrosis Potassiumi odi de

WO 2009/026139 PCT/US2008/073292
Iodine - Sclerolytic, scar tissue
Lidocaine + Dermal anesthesia
Magnesium + Muscle relaxant
Penicillin - Infected burn wounds
Poldine methyi sulfate - Hyperhidrosis
Potassiwn iodide - Scar Tissue
Salicylate - Analgesic, plantar warts
Sodium chloride - Scar tissue
Silver + Chronic osteomyelitis
Zinc + Antiseptic, wound healing

[0055] In various embodiments, the flux of charged drug molecules from drug,
reservoirs 24 into the patient’s skin can be increased through the use of a skin permeation
enhancer. A permeation enhancer is any chemical or compound that, when used in
conjunction with the charged drug molecule, increases the flux of charged drug molecules
from drug reservoir 24 into the skin of the patient. That is, skin permeation enhancers is a
substance that enhances the ability of the charged drug molecule transfer from the dr_ug

reservoir and permeate into the patient’s skin.

[0056] Such use of a permeation enhancers is advantageous because it reduces the
amount of electrical power required to transfer the drug from a reservoir 24 and into the
patient’s skin, This means that less current can be used, which in furn reduces the potential

for skin irritation. And it also means less power is drawn, meaning the battery can be made

sinaller and/or last longer.

[0057] The enhancer may be an excipient, i.e., a medicinally inactive agent,
included in the reservoir 24 with the charged drug molecule. Preferably, where a gel is used
in the reservoir to carry the drug, the permeation enhancer and the drug are soluble in the
gel but not chemically bonded to the gel network, thus enabling them to more easily transfer
from the gel to the skin. In some embodiments, the enhancer may be a molecule with a

charge similar to the associated drug molecule.
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[0058] For example, oleic acid has an synergistic effect on the ability of
iontophoresis to promote skin permeation of insulin. The use of propylene glycol further
increased this effect. One exemplary incipient that can enhance the flux of charged drug
molecules from system 10 into a patient by means of iontophoresis is a fatty acid having
from 1-9 carbon atoms. Preferably, the incipient contains at least one C,-Cy fatty acid. By
means of an example, the fatty acid may be selected from the group of propionic acid,
valeric acid, 2-methylbutanoic acid, 3~-methylbutanoic acid, and combinations thereof. In

one example, the fatty acid is a mixture of propionic acid and valeric acid.

[0059] The permeation enhancer need not be in the reservoir 24 with the drug, and
could be applied to the skin contacting surface of the reservoir 24. This could help create an

interface between the reservoir 24 and the skin for enhancing permeation of the drug.

[0660] Figure 2 discloses an isometric view of an iontophoretic drug delivery
system 10. Battery 14, antenna 16, and flexible printed wiring 18 are shown adhered to
layer 26 with layer 28 partially pealed away. Figure 2 demonstrates the flexibility of system
10 that enables system 10 to conform to the contours of a patient’s body and be able to
deform during normal activity and movement of the patient’s body. In addition, this figure
shows how system 10, when assembled, is a thin patch that intrudes minimally upon the

patient’s daily functions.

[0061] Figure 3 discloses an isometric see-through view of an iontophoretic drug
delivery system 10. Microprocessor controller 12, battery 14, antenna 16, printed flexible
witing 18, electrodes 20 and 22, and drug reservoirs 24 are shown sandwiched between
layers 26 and 28. Manual button array 36 allows a patient to manually operate system 10.
An indicator light 84 provides a visual indication of the status of system 10. Indicator light
84 is preferably a multi-colored LED, which may for example show green when operating
normally, flash orange in a low power state, or flash red when a system failure occurs, as a
non-limiting example. System 10 can include a variety of sensors 37 to monitor various
parameters in the patient/system 10 environment. These parameters can include, by means
of a non-limiting example, moisture, temperature, system 10/patient physical contact, and
various patient parameters such as skin temperature, heart rate, etc. Information from
sensors 37 can be used to provide positive feedback to system 10. For instance, if sensors
37 deteét moisture at the system 10/patient skin interface, that may indicate that the patient

is sweating. With this information, system 10 may be progranuxed to either increase the
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perception. Thus, in addition to varying electrode size to alter the amount of electricity
delivered by electrodes 20 and 22 to accommodate drug molecules of varying sizes, the
materials used to form electrodes 20 and 22 may also be varied to affect these parameters as

well.

[0066] The larger of the two electrodes 22 would contain the positivity or negatively
charged drug molecule. The smaller of the two electrodes 20 would be the return and would
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E 20 20
8 sctrodes 20 82,88 LB g10 95,7 prflbyeq””

enmbodi menbmpvhdnt SGS4NSE by 26.aChidybigre epegy 61 m\ﬂemsltemmnheelbmmmdm iR0
and 22. E ectrodes 20 and 22 may be_made from a terial
resisti vitigue é%@rsef%ﬁnwwﬁ@%ora@weblﬂ&&d b@%@f&ég%%}@rla&f a% 4@8@

amount Ofth&ta%&hédn‘éh@ln%Qleé‘tnl?ﬁtcbﬁi%tm%\ﬁllﬂi ArchfiAtag. s j ust bel ow a
patient's senso y per ception in addition to varying el ectrode

size to al ter ﬁl &; aa{mfsl z:%ézh&ittolfcéﬁﬂdn%ﬁwﬁaﬁ)d’l@érﬁﬁhh ages 20

and 22 to acc da rug cul es of varying sizes materi al s
used to fconupmwlnteszderﬁhdslam%nhh@@rﬂ@ysoaﬂ%@n theest 14eate attrched todayer Aese

over the positions where conductive epoxy 60 (shown in Figure 12) was deposited. The
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-[0068] Figure 8 depicts a deposition of dielectric material 52 on
secondary conponent side 46 of layer 26. Dielectric material 52 is
deposi t ed wo 20ovmes13M ri ngs 50. The dielectric material pex/umb08/073292
deposited on el ectrodes 20 or 22. [0069] Figure 9 depicts a

filing of through ho 4 | gr 2 h hol e J,1 | ed
with a coﬁﬂ@@?‘?ﬁgg %&@W the Ebf)[ o T iodsp BE ’Epfflnws %Baﬁ‘lig" 'ﬁnb Ags 50
to circui thyacl&s, a}ihﬂfe RISk IMIes1HBYIET TFe ard fesitoef er abl y printed
silver ink. [ 0070] Figure 10 depicts the attachnent of |aser or
die cut foam Sfygq) ﬁ%&@nd@epic@@raemﬁfah oShrighcdiunit hawed 26%n prigary 56
is cut to have openings Openi'ngs 58 ar e@pr ovided for the

f or mati on cgmp@mugsld@g)ecrfmer 26. 2Encam§@m mgsrig 2 coventihg elogirical qopgections
position gf  el.ect i 24
e or med BEREANEE 128 Bl i O Qo) S8 BABAIEE Skl &, €

| ayer 26. ubgd tapﬂjtémeﬂleelebmdalmenme,ctmslﬂm adersprocesemd 2 addhbatievel4 Hrmsath i n

pl ace of fpam?5 depi ct s a onnat.i gn f.

r eser voi r§1r%tr36§8 @%‘E‘(ﬁiﬁ’&%ﬁrg@ﬁ ﬁf’r éﬁ?ﬁé‘fc’ﬁ affBFaPsEantma W#équ
exenpl ary o5IBRHHBPEmb dHirdéht) rleaQnﬁ'@vmet g@we&am@ eﬁsaplsuﬂart@mphmdp@lyﬁeﬂ
that is deposited w thin openin foam 56 over el ectrodes 20

and 22.  designedbrEpurElquupeiiesue lm@t devirep 3 flexahle sybsEaiiduct i ve
epoxy 60 on primary conponent side 40 of |ayer 26. Conductive epoxy
60 i s deposit el@0VH Figae philtusiraicssheomplates mringary ecmponent sidectfrof layer 26.

m Cr opr ocessor contr t e
those. conBBROREE e gncties {7 pRiireSishhtiuich QTR 18 RlioRh Mgkl
[0073] Fi @W@nﬂ&tﬂ&phﬁh@pﬁcq@kc&&eﬂﬁﬂh o witlompxinpe 8 sTﬂﬁungﬂolésdfsz{on
primary conponent side 40 of r.26, Mecr QGESS 12 and battery
14 are’ at {EHIASH FIFgEALolY vt Sty b SieBRLs ol 2L 22 A B cEr e poxy
60 (shown cér%pdlzlbﬂlﬂcﬁ 452F 198 REitySd inchitRs 2 SRTEIRNLREGlalor bR SfocMiEd

t he | abel are di odes, the conponents | abeled wmth "C' are

capaci t or somppagnts maw@bwd}hém@umaﬁ@ ipgeagpd pleetyoal gptaut esi st or s.

[0074] Figure 14 depicts deposition of an encapsul ant._materi al

on primary conf§87f8figuse él@ﬂ]lll@tl‘ftﬁs 1 ywletgiseomdansempaRat fiae 46 phpy® @5
covers NG SalVdisoh sRIPEG B Sedhldits 20168 9P ﬁ&@gga&m&ae@swfo%tt%ﬁ y

14 form WI clrcul ncapsul ant nater I's used to
t he el ect §6.cEie antan né@e bbsesortdagt componapside ¢6 almrcowleze@wdh bgﬁltteqigadllelsnfeor m

wth circ 38 fro rom noi s ure r ot he nt am pant s.
Encapsul a# %%’F‘?%\Po@?n Of%%%ﬁéfye%}?ﬁ?%‘& $g %?d’oﬁ?arﬁ{ W%F‘%ovétacﬁ Adnedive.
Ul tra- Vi otygfindsY¥)comistfdlctro@R0RRsd hatd itediatap aliyoBiocdes ogneslier 02 by
secure low profile surface nount devices to a flexible substrate.
[0075] Fi tauehhsles §4.ustrates a conpleted prinmary conponent side 40 of
| ayer 26. M croprocessor controller 12 and battery are nounted tq

| ayer |2|6 Ant AR Feewrs 1% J@ﬂ?ﬁ@éﬂsé’rﬁﬂied’éﬂh‘éf&@aph%e%dé‘r‘&)‘i@ﬁhdélé@i’ﬁ?m 19.
i cr ocont L 28 s o ovBitRe shiropt QRPN T il £F SRUGRE R 16

secondar yMigogrocesstl caittddedi, bittelrgayémdztﬁtenﬁa teare titach8Btoi primhany ecsnlapnent

swi t chi ng .requl at or SsOcCi ted conpone we s. a, char

punp for ?1%%%§§%V§r%$e B FieS55on ﬁ%’ Gefportent st e%(fg%f H ﬁf? go%é%m%zz
illustratgsg ﬁnt@@ﬂ@la@&x% FREQPEAE MiaCITNO NRA 1afdrd6, idGvindh dray eltandfers 2 ug
reservoirs 54 are forned over electrodes 20 and 22 and are_surrounded

by foam t@rpém@ed Aplesiygs 3 andfgese placed o Sty HHpERERY S PGS Ao vt I8
covered wg EE‘ h tack adhesive 30. The central portion of secondary
conponent ge 46 is covered with |owtack adhesive. Wrings 50
connect el ectrodes 20 and 22 to battery 14 and m croprocessor
control | er 12 [b§78] iguuglB iflostensesBd adhesive pattern on secondary component side 46 of

layer 26. The peripheral portion of secondary component side 46 is covered with high tack

adhesive 30. The dashed inner portion of secondary component side 46 is covered with low
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[0077] Figure 17 illustrates a side view of iontophoretic drag
delivery system 10. Layer 28 is shown covering m croprocessor
control | erwb2oodmatizery 14, and antenna 16. M cr opr ocessErT/godsioosher
12, battery 14 and antenna 16 are attached to primary conponent side

40 of layer 2. On_fhe secondar omponent side,46 of | ayer, 26,

el ect r oded2%d _H’eéé_ Jeghrosies 2‘?@%‘1 %%ﬁ'@&%berﬁ%é‘fﬁ I’?%Cq%re_gt“flgﬁqu to
f oam | ayerqRRive ko thahthe BdndEivg dsR aobRtcsfcAvied Be frdsiRehce AbIRSIed@sn30 and
32 are placed on the bottomsurface of layer 56 (as shown in Figure

18) . ey Tpmgigchambers 24 date fedstighiSsdBesi ve pattern on
secondary conponent side 46 of |ayer 26. The peripheral portion of
secondary conp t-.si.d I.S.CQV, M | > I 30.
The dashed i nn@ilb%;)op;lg? r8§9 éﬁlsﬁsr%(e:soann E{equg%gn%%ﬁ@r#& é?ggg&lﬁtgbq’?%%%@lgr ed
with | ow delieeksystdhelDl \BgstaR .10 Bhohndes adiess dQ resaioR 38 dmithed rongn eleainduier 6o,

24 are not covered with, any adhesiye so_th t he adhesi ve does_not
interfere “WFOEJHS toraeqd ?l’aﬁ’fg’feélrcélﬁﬁléggf gﬁﬁﬁ? b@’c’]‘%lﬂ?fga %"r&?@ﬁ%@“ﬂ“ﬁ%mﬁr ug
chanbers 2 lAbRat BEctRAL 66 Rhish = fbithed on printed SRAR 68FisgsteR 109150 includes a
illustrates an alternative enbodi ment for iontophoretic drug delivery

syst em 10 hiSydsugeserepit Hefornessonseledtiode 72 mbiehrie Bumod o pryged gfgiEd4on an
el ectrode460. ;which. i sof j |

Pnct udes Bosed Ao e a8 7P o ABuBl oo el Wikindt 30 aARLET Houh,
i s fornmedheiss P iBléctddes 0¢68, and 30 aBystded thQemrdoteimmblsdEmi@ogrheassbrdr ag
reservoir 70 fornmed_. on el ectrode 72, jch is formed on printe
circuit 74ontisfler?and arecperated pe%%n%“%”e?& %{ﬁf‘é bY SHASRTOSEFSH RN Afed
Wi rings S@idfdes k&8 2h@76 b QUG QLR ScRMingHoqkd VRHRS if Qize 6Fihe AR gD

are coupled to separate termnals of mcroprocessor controller 12 and
are oper athag nj ehdbeledtipdest60e ¢ AndTthEive BRfO Aivelidlp s SBssor control | er

12. Electrodes 60, 66 and 70 are varied in size according to the

and 70 ari ve | BT gkt PENASERG AP SRk R SRR, o

a si de Vi gyér@ingan aripabrelitifiing Aekverpyysim 0o Mamaliaitioy angpe hathiseyemplary
i ontophoreti¢ drug delivery system 10. Manual button .an-ay,..in_ thi
exenpl ar yn?ib]ﬁmtli‘lﬁle’ing?é}mé‘ﬁb% é?‘%‘?ﬁt"?o?"sorf%qrﬁﬂ ¥ mBﬁE’ﬂﬁl} a‘ﬁ‘i‘}%‘éheﬁ 3 Py pﬁ@ﬁe

swi t ch asggpbliifs aafmplalig-done switch assenblies 36. [ 0081]
VWil e the I nvention has been shown and described wth reference to a
particul ar enbodi nent thereof, it wll be understood to those skilled

in the art, tHa081 avhitathe imMentipadas bech shawresand ddesribed withesfengecertade
therein without d rti from irit .an C t b NV, |on.
Qa1 e REReb Bertd B DRIl s AR GRRR k16 GRLERS
drug nol egishgs it fin@.add HétSRULay Eamptel théreig without departing from the spirit and

scope of the invention.
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a flexible body configured to conformto a portion of a patient's
body that includes the tissue, the flexible body including a top
surface, a bottom surface, and at |east one through-hole; a drug
reservoir hol ding the charged drug nol ecul es; an iontophoretic
el ectrode configured to iontophoretically deliver the charged drug
nol ecul es fromthe drug reservoir into the tissue, the el ectrode
being formed of an el ectroconductive material printed on the bottom
surface of the flexible body, wherein the drug reservoir is |ocated
adj acent to Ehe i ont ophorefic el ectrode such that the iontophoretic
el ectrode i £18@Syeen the drug reservoir and the flexible body;

a mcroprocessor controller configured to control iontophoretic

delivery of the char gﬁed drug nol ecul es fromthe drug reservoir into
the tissue by tHioBiPHRIRSESIYEdelivert systam fareving cheged €S or | ocat ed

adj acent t ombRRulclmts Ws3G€ Bmgidfhgt | €xi bl e body; | circuitry
that couples the m croprocessor to the iontophoretic el ectrode, the

circuitry being & i bedy condigimddosicatormde emeitian ofé patieat’s bodyor i nt ed
on the top gy i"@ﬁl@effhettps‘%ué,ltﬁéEQJ(iBIe%glg;Encludri]%c%a?dg; r@%r%BMCt' ve
at t et coup e Clr

material in the east one through-h es t cuitry
to the iont¥pfaseeanctatdeastonederouginbolei n t he el ectroconductive

terial fills t ol . c €
basst ng. 1 om ¢ nd Hyb PeRelt HBa TS Cher 8 0B rhbieq > P1 E T PO 6h

ace urface Via the through
hol e when at | eastiontopleretioelectodeneprifigtitedrio santdpdoectically deliveethe

adj acent to i X C ed to th

m cropr oces%héarpg?ecot)#llﬁgg'f qlggqle%%rﬁg%esgr{lﬁg@%erg@gEukooglgélgglﬁe,ira%glg&r?%er is
pr ogr ammed hpngiognal sf ar electrbcandgbtivehaatenaigprinded omth@-bottom surfaca
battery coupled.ta the m croprocessor controller, | ocated,ahove the
Prexi bl e ay e nbfoib Bl B IGE BRI reF oo o Peeq ATREFH S RE” G g
reservoir donpphaitigelecgede nath.that the iont@hofdtie evdtodgivbetatean thel,

wher el 0t he, 0 yef GSSL VL EQRLGg, N0 @ memor ane.

a microprocessor controller configured to control iontophoretic delivery
of the charged drug molecules from the drug reservoir into the tissue by the
iontopharetic electrode, the microprocessor located adjacent to the top
surface of the flexible body;

circuitry that couples the microprocessor to the iontophoretic electrode,
the circuitry being formed of flexible electroconductive material printed on the
top surface of the fiexible body;

an electroconductive material in the at least one through-hole that
couples the circuitry to the lontophoretic electrode, wherein the
electroconductive material fills the through-hole such that moisture is -
prevg_rﬁed from passing from the bottom surface to the top surface via the
through hole when at least a portion of the bottom surface is located adjacent
to the tissue;

an antenna coupled to the microprocessor controlier, whereby the
microprocessor controller is programmed by signals sent through the

antenna; and-
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4. The system of claim2, wherein the charged drug nol ecul es are
carried within the gel pad. 5. The systemof claim3, wherein
the charged drug nol ecules are carried within the nenbrane. 6.
The drug delivery system of any one of clains 1-5, wherein the
flexible el ectroconductive material of the circuitry printed on the
top surface of the flexible layer is made of silver or silver

chl ori de. 7. The drug delivery system of any one of clains
1-6, wherein the electroconductive material in the | east one

t hrough-hole is ap el ectroconductive cenent. 8. A druq

del i very syst em AB8HRYCAEPIED foaﬁ? reR©PHcessy;gepiraller logatad ahayerthe
flexible el gefipiadaeductive material of the el ectrode is made of
silver or silver chloride. 9. A drug delivery system accordi ng
to any one of clainms 1-8, wherein the wireless signal receiver is

forimed of 11 exi bie ehpGlhaGRNIGIIVE WS ol B AfbiP it £X1 DI ©

| ayer. 10. A dru el 1very system accor to any on
clains 1-9, g&lth@dei n pol yer thick filmink is the flexible

el ectroconductive material of one or nore of the circuitry, the
el ectrode, or the wirel ess signal receiver. 11. An

i ont ophoretic drdig ddhesgstgmsyfiainm idmiheraig thehdrig eebedvaitgcamprising s

into a ti ss%%mbgé}[g-)ri si ng:

4. The system of claim 2, wherein the charged drug molecules are
carried within the gel pad.

5. The system of claim 3, wherein the charged drug molecules are
carried within the membrane.

6. The drug delivery system of any one of claims 1-5, wherein the
flexible electroconductive material of the circuitry printed on the top surface of
the flexible layer is made of silver or silver chioride.

7. The drug delivery system of any one of claims 1-6, wherein the
electroconductive material in the least one through-hole is an

electroconductive cement.

8. A drug delivery system according to any one of claims 1-7,
wherein the flexible electroconductive material of the electrode is made of

silver or silver chloride.
9. A drug delivery system according to any one of claims 1-8,

wherein the wireless signal receiver is formed of flexible electroconductive
material printed on the flexible layer.
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a flexible body configured to conformto a portion of a patient's
body that includes the tissue, the flexible body including a top
surface, a bottom surface, and at |east one through-hole; a drug
reservoir that holds the charged drug nol ecul es; an

i ont ophoretic electrode configured to iontophoretically deliver the
charged drug nol ecules fromthe drug reservoir into the tissue, the
el ectrode being fornmed of an el ectroconductive material printed on
the bottom surface of the flexible body, wherein the drug reservoir
is located adjacent to the iontophoretic el ectrode such that the

i ont ophoretic electrode is between the drug reservoir and the

flexible body; 10, @eﬂ@r?@?sﬁérﬂracﬁ@r@fr{ﬁtﬂa@ﬁ/ dﬁ@'bffbﬂwﬁﬁ'-gt 0
cont rol |ontophoret|c del'i ver t he charged nol ecul es fromthe

drug reser vwhﬁreimwmmwk filss [ ipthetfigibiepleerrondusive spalerial ofiene ohe
M Cr opr OCesgRfe bﬂﬁ@bﬁ&lﬁ?ltﬁ@@%&ré&b fop%et\QPeléégé reifene flexible

body; circuitry th coupl es the m croproCessor to the
i ont ophoretic el ectrode, the C|rCU|try bei ng forned of flexible

el ect roconducti v. _mh%ribﬁéﬂﬁr%%&gng?ép?ga}? ?QQmSchv C egi dtcﬂﬁ flexible

body; an el ectrocon n the a
t hr ough- hol @oteletlies ¢do gl tissue.leemprrisiogi t ry to the i ont ophor et| c

el ectrode, wher %ﬁ%@%bﬁ%ﬁ%ﬁfﬁﬁ%%‘%h%ﬁn %E%Phﬁjl df'a Sda%ﬁttbf body |

t hr ough- hol e suc e 1s prevente rompa
bot t om sur f thetintlodehthettispus,uné ﬁe:eblelbady eludingoal tip é.nmfaee vmlmttmm | east

227N ol B AURLRTEEoa! o0 s acent Lo the tissue,
bottom surface Ga‘drugeeédmmi tblandmiweahdr@dldwg travtdculedhesi ve placed in
2 oot e o e BB TS A58 PRl e RS sty eaved o
m cr opr ocesd@rgazodrug ehdlesulesihen ﬂm/dmbeesar@cmpmwm@mgne gengleetrddy s
R T e L I T S
i cr opr ocesgalic feMitile bl wherein the drfig réfé’&v@mtl@éat@d adjhédrintd the Wﬂer ein
the drug r %gﬁggﬁérretlg glnBtrl.'tlac?el snu%h th§ t#\e :ontophoretlc electrode is between the
drug reservoir and the flexible body;
a microprocessor controller configured to control iontophoretic delivery
of the charged drug molecules from the drug reservoir into the tissue by the
iontophoretic electrode, the microprocessor located adjacent to the top
surface of the flexible body;
" cireuitry that couples the microprocessor to the iontophoretic electrode,
the circuitry being formed of flexible electroconductive material printed on the
top surface of the flexible body;
an electroconductive material in the at least one through-hole that
couples the circuitry to the iontopharetic electrode, wherein the
electroconductive material fills the through-hole such that moisture is
prevented from passing from the bottom surface to the top surface via the
through hole when at least a portion of the bottom surface is located adjacent

to the tissue; and
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15. The system of claim 11, wherein the drug reservoir conprising a

menbr ane. 16. The system of claim 14, wherein the charged drug
nol ecul es are carried within the gel pad. 17. The system of
claim15, wherein the charged drug nol ecules are carried within the
menbr ane. 18. The drug delivery systemof claim 11, wherein
the flexible electroconductive material of the circuitry is nmade of
silver or silver chloride. 19. The drug delivery system of

claim11l, further conprising a noisture sensor detecting a |level of
noi sture at an interface petween said systemand a patient's skin.
20. An iont ophor%@'?é‘tﬁ%@q@é‘l"??%cﬁg%"grﬁ”f‘Hw‘te'b‘?qgﬁ dhebeligied drug
mol ecul es | 8irface df HeSHsible BORY arsd & Hw-tack adhedivd plasédinta 8417 of the
configured to conformto a portion of a patient's body that includes

pC
the tissue, Potn pyrisgemfdhe,fRxible Redlyidi ng a top surface, a bottom
surface, and at |east one through-hol e;

12.  The system of claim 11, further comprising an antenna coupled
to the microprocessor controller, whereby the microprocessor controller is

programmed by signals sent through the antenna.

13.  The system of claim 11, further comprising a battery coupled to

the microprocessor controller.

14.  The system of claim 11, wherein the drug reservoir comprising a

gel pad.

15.  The system of claim 11, wherein the drug reservoir comprising a

membrane.

16.  The system of claim 14, wherein the charged drug molecules
are carried within the gel pad.

17.  The system of claim 15, wherein the charged drug molecules
are carried within the membrane.

18.  The drug delivery system of claim 11, wherein the fiexible
electroconductive material of the circuitry is made of silver or silver chloride.

19.  The drug delivery system of claim 11, further comprising a

moisture sensor detecting a level of molsture at an interface between said

system and a patient's skin.
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a drug reservoir that holds the charged drug nol ecul es; a

ti ssue perneation enhancer configured to enhance perneation of the
drug nolecule into the tissue; an i ontophoretic el ectrode
configured to iontophoretically deliver the charged drug nol ecul e
fromthe drug reservoir into the tissue, the el ectrode being forned
of an el ectroconductive material printed on the bottom surface of the
fl exi bl e body, wherein the drug reservoir is |ocated adjacent to the
i ont ophoretic el ectrode such that the iontophoretic electrode is

bet ween the dru es I voi nd .t xi bl e bo

M cr opr ocessor ‘QP{OESW?"QBP'@()AG?BGW SHEED) ‘%f %‘f‘%ﬁ'&?"@??j grug
delivery of nfola;u;aga,ﬁ@%dngguggcdﬁqirw es fromthe drug reservoir into
the tissue by the_iontophoretic el ectrode, the mcroprocessor |ocated

adj acent to the 3B ﬁrbf’glﬁéo'?ﬂguf%tofqoég@inﬁlt% amodien of a patients pedy t ry
that coupl egat fpeIUAES E@E&Géstﬁ@ﬂeklﬁletﬁ'ﬂ)%y'lrﬁ,'fﬁcﬁ’rﬁﬁ‘é’fcﬁi s§fRECS boRAR, the

circuitry being forned of exi bl e el ectroconductive materral printed
on the top 8Wfacacanbet lead °F1Pél51"|059‘é'h§l@dy an el ectroconductive

material in the @amé%ﬁrﬁﬁgﬁgh&mﬁm g}%}%? ?nﬁﬂéﬁdle‘é the circuitry

to the iontophoreti erein ect roconducti ve
material fills téissuppeugeation enhanedr configures fsenhance pepnestiontad the r om

passing fro rf to the top surface via the through
hol e when a(gﬁlbgﬁqg?&gé% otnsgﬁ"fg the bottom surface is | ocated

adj acent to the ani relstaahorah@ electrode cortfigttedrty ianbapbiceeticaty tfd!léfer the
m cropr Oces%%?gé\nomb%dlgﬁulé ﬁ:&q{[tﬁg dﬁ% r%ggrj%w n?o %f%etlssﬂg al i c(t:rfj of the

fl exible bo I'very em accordin 8ecl aim
20, wher ei rbeumgafqnmaedeﬁan e?ectmd:ra*ruimrehva rsaﬁenaltmmtedf mrgtheetxmomudace

22 A 9 SR NBIOPUBLIRAER T8 e B SBEEIAS, ¢ g
del i very syishtephdretic dietirodegsudhathgiettie tontigphordtieciba®diens betvebh sdle,
conprisi ng:drug reservoir and the flexible body;

a microprocessor controller configured to control iontophoretic delivery
of the charged drug moelecules from the drug reservoir into the tissue by the
iontophoretic electrode, the microprocessor located adjacent to the top
surface of the flexible body;

circuitry that couples the microprocessor to the iontophoretic electrode,
the circuitry being formed of flexible electroconductive material printed on the
top surface of the flexible body;

an electroconductive material in the at least one through-hole that
couples the circuitry to the iontophoretic electrode, wherein the
electroconductive material fills the through-hole such that moisture is
prevented from passing from the bottom surface to the top surface via the
through hole when at least a portion of the bottom surface is located adjacent
to the tissue; and

a battery coupled to the microprocessor controller located adjacent to
the top surface of the flexible body.
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a flexible body configured to conformto a portion of a patient's
body that includes the tissue, the flexible body including a top
surface, a bottom surface, and at |east one through-hole; a drug
reservoir that holds the charged drug nol ecul es; an

i ont ophoretic electrode configured to iontophoretically deliver the
charged drug nolecule fromthe drug reservoir into the tissue, the
el ectrode being fornmed of an el ectroconductive material printed on
the bottom surface of the flexible body, wherein the drug reservoir

is located adjacent to,the jontophoretic electrode such that the
i ont ophoretic el%ct r Sydupge ﬁ%@%&emﬁécafﬂu& ip g\ A9, Y"%SF‘FHM e

f 1 exi bl e bogyrmeatibaehRinter RGAtIRSIIRGIrasadsir,t 0 the top surface of the
fl exi bl e body; circuitry that couples the iontophoretic

el ectrode to the battery, the circuitry being forned of flexible

el ectroconduct i v maixedihgdeMfdrnbRdedhokRingdB oiithfACRnefeid g f1 exible
body; and an el ectroconductive materiral 1nthe at |east one

t hr ough- hol ReFNeafior sRRANSST iste @xciRientiry to the iontophoretic

el ectrode, wherein the el ectroconductive material fills the

t hr ough- hol e such that noisture is prevented from passing fromthe
bottom surface t&3.t héntigpogharetizdrugideliver systemdghdivingchetigsd diugl east
a portion f 1S, ocated adjacent to the tissue.
24. The dr ug;‘ﬂng@\‘?g%‘r’ gg%?%gm"gﬁé'@?m 23, wherein the iontophoretic
el ectrode is el edtexitdabody cwdigiteed to confoem é¢ 8 portivoard dueticntss aatyer i al

\t;i)gyfi ! engttﬁaﬂﬁcl%ég A4 tggli;é]ttﬁéjﬂ@)@blyﬁ%dp %cfu%mgsau{og%%%agé, é[ Qgttofnll exible

surface, and at least one through-hole;

a drug reservoir that holds the charged drug molecules;

an ientophoretic electrode configured to iontophoretically deliver the
charged drug molecule from the drug reservoir into the tissue, the electrode
being formed of an electroconductive material printed on the bottom surface
of the flexible body, wherein the drug reservoir is located adjacent to the
fontophoretic electrode such that the iontophoretic electrode is between the
drug reservoir and the flexible body;

a battery located adjacent to the top surface of the flexible body;

circuitry that couples the iontophoretic electrode to the battery, the
circuitry being formed of flexible electroconductive material printed on the top
surface of the flexible body; and

an electroconductive material in the at least one through-hole that
couples the circuitry to the iontophoretic electrode, wherein the
electroconductive material fills the through-hole such that moisture is
prevented from passing from the bottom surface to the top surface via the
through hole when at least a portion of the bottom surface is located adjacent
to the tissue.
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24.  The drug delivery system of claim 23, wherein the iontophoretic
electrode is electrically coupled to the electroconductive material via a length
of wiring printed on the bottom surface of the flexible body.
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