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[ 0001] This application clainms priority to U S. Provisional Application
Seri al Nowo@dioliz2692819 filed May 8, 2009, U. S. Provisi onaCTABSpéiooat13DN
Serial No. 61/304,013, filed February 12, 2010, and U. S. Provi sional
Application Serial No. 61/302,658 filed February 9, 2010, the entirety of
each of which is incorporated herein by reference. Field of the Invention
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of the InvenTion [UU03] Tontophoretic devices are known in the art. They
are placed on a patient's skin and use charged el ectrodes to drive charged

drug ions f$85£@A%?Hgﬁ&pservoir and into the patient's skin tissue. [0004]
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Two maj or shortcom ngs of current iontophoretic technology are (1) passive
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i nvention Q) %gﬁélan j.ont ophoretic drug delivery device with an enhanced

nventio . . .
el ectrode comRStrtctioh-The device conprises a base and a drug reservoir

cont ai ni ng ppl v, of charged drug ions. A.dri.ving electrode is positioned
above the d@ggﬂresg?% ?%?9%3@8ﬂﬁ 8$%FE%€Q%D£OFECS%%FPioned bel ow t he drug
reservoi r opgsiotusd dthise Wventiong el ect rode. [0007] A control circuit includes
a power source. The control unit is coupled to the driving el ectrode and

t he count er@bejt r ottetophodtic deviqeen@lkhewn i the aht.i Vhaygramsbed bonr patpl’yi ng a

potential to.the drivin | ectrode. of, th ane larity as the charge of
Phe- char gec it 1g snira afafilst B SenspRoen B gt ol e
count er el ecintoabkepsontasskintisdid. ve t he charged drug ions towards the tissue of

t he wearer. : : . .
[0004] Two major shortcomings of current iontophoretic technology are (1)

passive transfer of drug ions from the drug reservoir into the patient’s skin tissue
when the device is inactive, and (2) irritation to the patient’s skin tissue because its
impedance is used as an element of the circuit between two oppositely charged
electrodes of the device.

[0005] The present invention seeks to provide a solution for one or both of these
shortcomings.

Summary of the Invention

[0006] One aspect of the present invention provides an iontophoretic drug
delivery device with an enhanced electrode construction. The device comprises a
base and a drug reservoir containing a supply of charged drug ions. A driving
clectrode is positioned above the drug reservoir. A counterelectrode is positioned
below the drug reservoir opposite the driving electrode.

[0007] A control circuit includes a power source. The control unit is coupled to
the driving electrode and the counterelectrode, and is operable in a driving mode for
applying a potential to the driving electrode of the same polarity as the charge of the
charged drug ions and a potential of opposite polarity to the counterelectrode so as to
drive the charged drug ions towards the tissue of the wearer.

[0008] Another aspect of the invention provides a method of using such a device.



[ 0008] Anot her aspect of the invention provides a nmethod of using such a
devi ce. The net hod conprises operating the device in a driving node by
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[00010]  Other objects, features, and advantages of the present application will
become apparent from the following detailed description, the accompanying
drawings, and the appended claims.

Brief Description of the Drawings

[00011]  Figure 1 is an exploded cross-sectional view of a device constructed in
accordance with the present invention, with top and bottom views also included;
[00012]  Figure 2 is a cross-sectional view showing the electrodes and drug
reservoir in isolation;

[00013]  Figure 3 is an exaggerated cross-section of an alternative embodiment;
[00014]  Figure 4 is an example of a control circuit for the embodiment of Figure 3.
[00015]  Figure 5 is another example of a control circuit for the embodiment of Fig.
3; and

[00016]  Figure 6 shows an iontophoretic device being used in a central I'V line
procedure.

Detailed Description of the Ilustrated Embodiment(s) of the Invention

[00017]  The Figures illustrate a non-limiting embodiment of an iontophoretic drug



procedure. Detailed Description of the Illustrated Enbodi nents) of the

I nvention [00017] The Figures illustrate a non-limting enbodi nent of an
i ont ophorwoi2e10dizeepdel i very device 10 constructed i n accectarse@oms4ib2 t he
present invention. The device 10 is constructed to deliver drugs into the
tissue of a wearer. The basic principles of iontophoretic devices are

wel | -known, and reference may be nade to U. S. Patent Publication No.
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regard, the entirety of which are incorporated herein. [O The devi ce
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enbodi ment erv ses a ge uch a hydrogel. The drug may
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the gel, angnstpRAoodoRGguritRonPaldyieEillugfaesienibbdiken@n dottilendtbas ged drug i ons
are stored iin the gel. For exanple, a salt of the drug may be dissolved in
the sol uti dfMEus providing drug ions with nobility within the ionically
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formed are known and need not be detail herei n. For exanple, the drug
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structure, RHERFAMoRCHEY Edrﬁ;&l%@‘i‘oﬂs‘%ﬁ@ﬁé{&'Jfa\ﬁ\deﬁlhy%ndeﬂtg{f‘cfuﬁ%k‘ menbrane for
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agent such as pnar ceutd ¢ tre nts, e‘ enents, etc. and
is not |iminebargel jpuis formedes \dth}@sp@mmplef@t the gelr aguipan @rrylgalpﬁarvocbﬁaetr. As such,

the term dr&&sﬁﬁ?%ﬁ tﬁcecﬂ-afgeg rdlequl%CLr@‘S%ng ﬂﬂh@gelaﬁgr example, a salt of the

drug may be dissolved in the solution, thus providing drug ions with mobility within
the ionically conductive solution/gel. The methods by which such drug reservoirs are
formed are known and need not be detailed herein. For example, the drug reservoir
16 may simply be the gel as shown, or it may have a more complex structure, such as
a partitioned reservoir with an internal membrane for separating and managing ion
mobility. The drug reservoir may have any construction or configuration, and the
illustrated embodiment is not intended to be limiting.

[00020] The term drug may include any bioactive agent, such as pharmaceuticals,
vitamins, treatments, elements, etc., and is not limited to just those drugs subject to
regulatory approval. As such, the term drug should be interpreted as meaning any
agent having a biological effect on the wearer that is transdermally delivered by the
device.

[00021] A barrier layer 18 is positioned below the drug reservoir so as to be
positioned between the drug reservoir and the tissue of the wearer. The barrier layer
has the same configuration as or is larger than the drug reservoir 16 and its opening 14

in terms of area. That is, the barrier layer 18 covers the entire drug reservoir 16, thus



agent having a biological effect on the wearer that is transdermally
delivered by the device. [00021] A barrier layer 18 is positioned below the
drug resewoanro/ee2as to be positioned between the drug resdarse@ion3and the
tissue of the wearer. The barrier |ayer has the sane configuration as or is
| arger than the drug reservoir 16 and its opening 14 in ternms of area. That
is, the barrier layer 18 covers the entire drug reservoir 16,

thusmai nt ai miﬁginiiﬂ%sts%@hsﬁ Bw BB HNEEN: tREVOE UG akBRELNALPs kéh. and the wearer’s
skin. The barrier layer 18 is configured to prevent essentially prevent
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layer 20. [BES4g IR RHEST AVEMTYEY Yy be coated about the peri pheral
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for firmy bonding the device. 10 ainst the patient' kin. By extending
the adhesi vléyecrgOPng@e_B%‘fl?epWeWg}C%_é%fglgerS? 0&%@6@@@9%@5 e Riprhsitee 10, the
adhesi ve sesRshabko 11 HEOMI@0 i hdt hbdGaBl n8eltnb@s@fy bhiemedgssriaf the device
10, thus maintaining it securely fastened to the skin. Oher suitable

at t achnent Hﬁ%ﬁ%aﬁﬁvt%%h%%@a290 secure the device to a patient, such as
tape, strap@ooRc. AhQARZRL 1ARr SPhhPHAdoalcBl6RR ﬁlelﬂeﬂﬁ{erﬁédwﬁ{eﬁa}&e entirety
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covers bot 20 Hdwadimsiy layerig peefrialiny high sask edivesive fndirabebengding tlite dr ug
B A I T
mat eri al , sefdhe wiinsi 2Q vuvevige 1Qvdbe adbesivetseryantolsescperegodeftiog ér neglindgdose t he
adhesive | ANE Edg%gofatﬂg dé\Jf'c% l%f s maintaining it securely fastened to the skin. Other

suitable attachment means may be used to secure the device to a patient, such as tape,

straps, etc.

[00025]  An optional release liner 24 covers the entirety of the bottom surface of

the device 10. That is, the release liner 24 covers both the adhesive 28 and may also

cover the area of the drug reservoir 16. The release liner 24 may be paper, plastic or

another material, and the upper side of the release liner 24 has a release material, such

as silicone or wax, so it can be peeled off to expose the adhesive layer 28 and the drug

reservoir 16. The release liner 24 is omitted in the bottom view of Fig. 1 so the drug

reservoir area can be seen.

[00026]  Turning to the portions of the device 10 above the base 12 and the drug

reservoir 16, the device 10 further comprises a circuit layer 30. The circuit layer is

preferably formed of a dielectric (i.e., electrically insulative) substrate 32, such as a

flexible non-conductive polymer substrate that can flex to conform to various parts of

the patient’s body. The upper surface of the substrate 32 includes circuitry, formed

preferably as a printed circuitry deposited by polymer thick film coating. That

coating technique is disclosed in the above-referenced US Patent Publication



reservoir 16. The release liner 24 is omtted in the bottomview of Fig. 1
so the drug reservoir area can be seen. [00026] Turning to the portions of
t he devi cwo2010a29028 t he base 12 and the drug reservoir PET/Ush@odasdze 10
further conprises a circuit layer 30. The circuit layer is preferably
formed of a dielectric (i.e., electrically insulative) substrate 32, such
as a flexible non-conductive polyner substrate that can flex to conformto
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i ncludes circuitry, forned Pre erab as a printed circuitry deposited by
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sour ce nmay Xeankiedoupidid dreapratessbpovds siwcedbsantrolling dd deliverhel upper
surface of th%.apbstrate 32, and is coupled to the circuitry and power

source for Ton Co@9|ng t he dellvery of electrical power. [00028]
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[00029] An 9Rio@nahr £BN&le Johahls ﬁfére‘t& iRfudineRehctil x%rﬂﬁor%ﬁl%ﬁtr Ate 32 to cover
and protect the conponeéents £FOVI on substrate 32. The cover layer 33 is

partial |y SHEWMPrecAssPhategsge ¢1@wtbﬁndv-‘orgewnyhmer@th@wrwté relationship to the
conponents, | om]tywn%g%ﬁél EQNELFerRBlis $H1E &8%%6%&%% 32&99@%%5“9 device 10

my i ncl ude one or e activation SWItC es cou to the control ci I’CUIt
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typically covers all the components.

[00030] The device 10 may include one or more activation switches coupled to the
control circuit, such as shown at 27. For example, there may be two switches: an on
switch for activating the driving mode (as discussed below), and an off switch for
stopping the driving mode or activating a forced inactive mode (as discussed below).
The switches may be of any type, including membrane switches, button switches,
contact switches, piezoelectric, or any other type.

[00031] A through-hole (not shown) is formed through the substrate 32 and
enables the circuitry on the upper surface of the substrate 32 to be connected to a
driving electrode 36 provided on the bottom surface of the substrate 32. The driving
electrode 36 is also referred to in the art as a donor electrode. Preferably, the driving
electrode 36 is also printed on the bottom surface of the substrate 32 using the
polymer thick film coating technique mentioned above. A printed lead may extend
from the through-hole to the clectrode 36, depending on the placement of the
clectrode 36 relative to the through-hole. A flexible conductive cement, such as

epoxy, may fill the through-hole and connect the circuit on the upper surface to the



stopping the driving node or activating a forced inactive node (as

di scussed below). The switches nay be of any type, including nenbrane

swi t ches,wbubtoonesi t ches, contact sw tches, piezoel ect PCT/USe010a8413Dt her
type. [00031] A through-hole (not shown) is formed through the substrate 32
and enables the circuitry on the upper surface of the substrate 32 to be
connected to a driving el ectrode 36 provided on the bottom surface of the

substrate 3givifthGectbilvidd iR1&AL AR 0 PRovbits Bl SHIRIAI GMict By hfokhe art as a
donor el ectrode. Preferably, the driving electrode 36 is also printed on
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of the same polarity as the charge of the charged drug ions so as to drive

the char ged"eidig Til%fﬁ% i thudig & lamf foyme of *tl?%mtVFlg%@g?f‘r iop.{ke {@dh%r. That is,
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and driving the drug ions.
[00033]  The barrier layer 18 is configured to permit the charged drug ions to be
actively transported therethrough in the driving mode via the potential applied to the
driving electrode 36. That is, the barrier layer 18 may be constructed such that it
normally prevents passive transport of the charged drug molecules, but allows the
active driven transport by the electromotive force of the driving electrode 36 to occur.
[00034]  In the illustrated embodiment, the barrier layer 18 is formed of an
electroconductive material and is also coupled to the control circuit. To establish the
connection, aligned through-holes 35, 37 may be formed through the substrate 32 and
the base 12, thus allowing for a lead to couple the barrier layer 18 to the control
circuit on the upper surface of substrate 32. A lead may also be formed, such as by
polymer thick film printing, on layer 20 depending on the relative placements of the
barrier layer 18 and the through-holes 35, 37. For example, the lead may be provided
on the upper surface of layer 20 and extend laterally from the through hole 37 to the
barrier layer 18, which are spaced laterally apart as shown in Figure 2. A conductive

epoxy 39 may be used as mentioned above to establish the connection between the



[ 00033] The barrier layer 18 is configured to permt the charged drug ions
to be actively transported therethrough in the driving node via the

pot ent i alwappioed2s8o t he driving el ectrode 36. That is, pCmasb@awnsas2 | ayer

18 may be constructed such that it normally prevents passive transport of

t he charged drug nol ecul es, but allows the active driven transport by the
el ectronotive force of the driving el ectrode 36 to occur. [00034] In the

i Il ustrat edco%ﬁ@l‘l‘ﬁ’c{ﬁ?mdibam la%‘xr 1d, &kd %%&6%re¥§nt'w%tér%1 GorTHARver,
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| ayer 18 an fe “thr ou For exanple, the | ead may be
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i ncl udi ng Wk bfficd ieadtBe oposikaBindad] Sf thE pewedbaict. VEhsStkim a@nttel@teaents in the
crosssection Q% Fi at  ex erated to facilitate a better
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control cirgeifivihgecle@nlde g@ﬁﬁﬂsﬁ%vﬁi@@k& parpPQk @Rt lctife tmm%pﬁ&eﬁ@ol arity to
the barrier layer 18 so that the barrier |ayer functions as

count er el ectifcsti@etwesinihe pnegtioas 9gherrbOsNS Ml ofthe PPYEf seriset Tlafde 18 is

applied f rormc%%?o&%&@mﬁé cofrol M uiP AR be gﬁ’l‘%d 1YRRIEAR: ffpacaRhent i al of the
barrier layer 18 functioning as a counterelectrode is applied fromthe

opposite t el?%ﬁtnﬁalls teboth plactyngie pnd woBECIcTH glementmey @ﬁﬂ@dé‘P eeterniife
ficall t
speci fical |y, ?ﬁéﬁ%f?@%#g&gldg}gsﬁtp%gﬁlﬁﬁ 1SLREE fea%ekﬁa{gufg%{%ﬁw&%g% OPPOS' e

in charge to 36 an I'S provi pur poses of
conpl eti ng thhdrugordespldretic circuit between the connections to the

opposi ng te[rogi}eﬂi"osfpeffermg MBfﬁQH{u&‘?%eEBSlE‘ i RO OSAIRE Rl the control

circuit may ntigure toocont o ion o poTentlaIs to both
el ect r odes, coarp@bti\ngmemirsulmqlmmsmgeheedmntgselamydd% angdddrrico det ermine t he
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maintain a sufficiently high potential difference between the electrodes.
Alternatively, rather than rely on the drug reservoir for electroconductively coupling
the electrodes, a resistor or other element with a level of resistance may be used to
enable the current flow between the electrodes while maintaining an adequate
potential difference between the electrodes.

[00037]  As an example, lidocaine contained in a water-based gel can be delivered
using a current density of 0.2 mA/cm’ (assuming the driving electrode 36 and
counterelectrode/ barrier layer 18 have the same area).

[00038]  Because the barrier layer 18 when used as a counterclectrode will have the
opposite polarity as the charged drug molecules in the driving mode, this may
enhance the transport of the drug ions. This is because the charged drug molecules
will be both repelled away from the driving electrode 36, and attracted towards the
barrier layer 18. This may beneficially increase the rate of drug transport achieved

per unit power, since both electrodes are contributing to drug transport in the same



the drug nol ecul es. [00036] Preferably, the gel of the drug reservoir 16 is
el ectroconductive, thus conpleting the circuit conprising the driving

el ectrodewB@osmidotarri er | ayer/counterel ectrode 18. Therpg®luspoiehasiabl y has
sufficiently high resistance to maintain a sufficiently high potenti al

di fference between the electrodes. Alternatively, rather than rely on the
drug reservoir for electroconductively coupling the el ectrodes, a resistor

or other el gmefitn Wivhis dchBMelorak wegst St ance may be used to enable the
current flow between the el ectrodes while maintaining an adequate potenti al
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0.2 mVcnR (assum ng the driving electro 36 and counterel ectrode/ barrier
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sanmedi rection toward Hhe. isigﬁ»of t e.mearen..LO%&?%%lTEjs coPstruction
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devices, typically a counterel ectrode is spaced apart laterally fromthe
driving el ktpyep it oai g apisd i fhe ﬁlieftr‘?d§s-c%)ﬁﬁ¥9é"t‘1§ﬂ ﬂfarﬁf%é‘iﬁ%‘f‘ﬂ%@s Pffpedance or

resi stance igfbowinhecdidd bifhthg SndHhtboih i S@eeresWidel of vEDIELARRS) bfRtent
count erel ectrode _can be used w a drug reservoir havi n% rug. nol ecul es of

sed th <
a charge opPdsi’thes it paicafigantidipwbaek ftPRier af dasignt oMpreoy sy, amY 2isitéleances only a

single drugdrhgis%ingae%kédyggigﬁﬁcﬁ@f;orﬁap&tﬁe ORBABI MO MQrcE 18R reservoir is
used. In either situation, the device can be irritating because the
patient's sdadisatefl &xthenpnsdiag flelsteripgpapsipaelectiotle prbregdryaiyibvey if thind t hus there

are practi C&luntlﬁ}emc{ﬁdeti?ugeﬁ?%rga\%%gest&ﬁéli\@ %&c@rﬁ%rﬁ%% &ifl htapﬁleel ectrodes.

A
For exanple, the prior art devices are knc to cause burning and
"t at 0oi ng" Katibed dpcenbndeitgfonvssyd pidealyoar kingiey) toglugianesfitheadeing polphilys is a

significant asq{s %‘3@9&5 (ipef, of rcihQ1{ge Bt is gsﬁdsggﬁle cﬁ@éee&%ﬁé drujg Eongm the 8‘th§1J ngl e
reservoir), thus limiting the potential range of applications that can justify the larger
size. With the illustrated embodiment, such an issue is eliminated because there is no
laterally spaced counterelectrode that needs to complete the circuit through the
wearer’s tissue — the circuit is completed within the device with the current flowing
between the electrodes across a resistance within the device.

[00040]  Another advantage is that the gel of the reservoir can maintain a stable
conductivity, whereas the conductivity or impedance of skin tissue can vary
depending on various conditions, including pH, perspiration, etc. Thus, the device 10
where the barrier layer 18 serves as the counterelectrode eliminates that problem, as
the conductivity of the drug reservoir is essentially independent of skin conditions.
[00041]  Without being limited to a specific mechanism of action, it is believed that
the use of the driving electrode and counterelectrode on opposing sides of the drug
reservoir creates a high concentration of drug ions at the counterelectrode, which
facilitates osmotic transport/permeation of the drug ions into the patient’s skin/tissue.
Where the counterelectrode is a mesh or permeable membrane, for example, and

placed directly against the patient’s tissue/skin, this creates intimate contact to further



drug is being delivered, a significant portion of the overall area of the
device 10 is dedicated to the non-drug delivering passive el ectrode and
reser voi rwoBosm20428t he counterel ectrode is used for purpasas2ab/osaBt veri ng
a second drug, it still has the patient disconfort/irritation issue and
alsois limted to drug ions of the sane polarity as its potential (i.e.,
of charge that is opposite the charge of the drug ions in the other

reservoir),inphts shdhrpe&m&goﬁ hwlﬂa%@mﬂ @éwaesamg%e aPRidcAbhQQs that can
justify the l'arger size. | | ustrated enbodi nent, such an issue is
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difference is between the el ectrodes through the skin, which is the primary
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di fference
may also be reversed by the control circuit in the forced inactive mode, thus

enhancing the repulsive effect of the barrier layer 18 by attracting the drug molecules
towards the driving electrode 36 (and hence away from the wearer’s skin tissue) by
virtue of having the opposite charge as the drug ions. This may be done at a very low
power to preserve battery life. This mode of operation may be referred to as forced
inactive mode, and the control circuit is configured to be switched to this forced
inactive mode to apply these potentials. The term “forced inactive” is used to denote
this mode because the device 10 is inactive for delivering the drug, but electrical force
is being used to enhance the drug delivery prevention.

[00043] In some embodiments, the reversed potentials in this forced inactive mode
may be applied to the driving electrode and counterelectrode at predetermined
intervals, such as in pulses in accordance with a predetermined duty cycle. This is
done to minimize the energy drawn in the inactive mode. Advantageously, the two

electrodes when charged will drive the molecules towards to driving electrode 36 and



establ i shed between the counterel ectrode and the wearer's tissue, which may
play a role in drug delivery, but it is believed that any such potenti al

di f f er encwowouldog2e m nor when conpared to the control | edTitsegen34sr enti al
di fference between the electrodes within the device itself. [00042] In sone
enbodi nents, when it is desired to further mnimze the ability of drug
ions to passively transport across the barrier layer 18, its polarity may

be revers edavW@@“fbn{ N citGebSrod@l 8 BRI (ROwEEhY V&EEGsucl Hkalss pas%ib@ contr ol
circuit may bé configured to operate in a "forced inactive" node and

reverse themigiiinn bpek tewerdpihe siipvall happer pthep gowly thyaevepshépeatalschar ge as t he
drug ions, i I . e Lent's skin
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tissue. Simlarly, e po Ing ef ectrode 36 may al so be
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el ectrical doaneRldcGodiahdychans edainQlaeedidinaatidh eAdr derdehsirviéion opr event i on.
[00043] In SOFE enbodi nents, the reversed potentials in this forced

i nactive moWEEEHIPES; 1$&H to the driving el ectrode and counterel ectrode

at predet er oo | TheiM@eS0 nsdyGlkodGvd &h PbSL Sortdtt AGEETI6 ane@niMd ik &
predeterm ned duty cycle. This is done to mnimze the energéadramn in the
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counterel ectrode 18 and the wearer's skin tissue. Because passive mgration

back t owar dde taee Wk o lowar RO pathp eernteaglprsiods | Hul e, coptaet clestedes@dngyot ent i al s
can be pul sgcoQbied 'R Hidult 2’{,{\‘7 %EQ/} duele &s%sftét%%zwiﬂ% RGRANR M grati on.

Thus, a continuous current “dr not be necessary I'n the Inactive node.
I n sonme enbdieetinnssimildrly te thersoerteicloetradodé. fpseifisellygbgnedthresghdvld ve of

whet her 1 t IM‘&%%}Z&@E@% %S{r%tg§2 b rs%%zT’\?m‘%i’%&it%ﬁ%t q sRQURAtEL ! ectrode

| ocat ed opposite t riving electrode rug reservoir 16
t her ebet we egleatrayonidactivs edhtdrial 46, miainaz en epoxgl The ¢ratrel ditgeitry on the upper

surface of substrate 32 can detect if counterelectrode 18 and contact electrode 42 are
in contact with the user’s tissue using various techniques. For example, the contact
clectrode 42 could be set with a polarity opposite the counterelectrode 18 so that
establishment of a current flow therebetween can be detected. This may be done by
intermittent sampling to prevent continuous current draw, and/or at a very low current
flow to prevent tissue irritation.

[00045]  Figure 3 is a schematic view of another embodiment of the present
invention. Similar components are used, and thus the same reference numbers will be
used for components common to this embodiment and the prior one. The device in its
entirety is not shown, and only the electrodes and drug reservoir are illustrated, as the
device may otherwise be generally the same.

[00046]  Figure 3 shows the driving clectrode 36, the counterelectrode 18 (which
need not be a barrier layer), the drug reservoir 16, and an intermediate electrode 50.
The intermediate electrode 50 is positioned between the driving electrode 36 and the

counterelectrode 18. Preferably, the intermediate electrode 50 separates the drug

10



flow of current into the user's skin. In such an enbodi nent, the
count erel ectrode need not cover the entire bottom surface of the drug

reser voi rwoRoro/esaspl e, the counterel ectrode may have amrCarusadiamn34132
configuration. Any other construction or configuration may be used. [00044]
The device 10 may al so have an optional contact sensor to determ ne that
the device is placed properly in contact with a user's tissue. For exanple,

a re'at'Ve'%x§ﬂﬁﬂkﬂﬁ@ﬂ&@%%nﬁh@%?ﬂ&@@né@5ﬂﬁ%a@@b&%@gnhgmkénggaﬁﬁﬁ& el ectrode
42 may be formed in the sane way on | ayer 20 as the counterel ectrode 18.
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this enbodi frBffVeghige pefent %@Pllwgth&ﬂwn@&%ﬁ{%ﬂsﬁ% %nﬁéheéﬁv F18G9dE not shown,

and only thg ®laeed drpdese dneditg isRIVmVAL ﬁrs@f)@nbﬂ bustihad@g res@Soik he device
may ot herwi se be generally the same. [00046 gure 3 shows the driving

el ectrode 38 mtOH%e i?@%@ﬁ&@éﬁ&@é%remmlrc "Wé Hviibe chrseed g ioper | ayer),

the drug regefQidndabBrioand 0@@16'dﬂfg@5§§%@%@0@&@§ﬁ1@ A6l&c 8Pthe Wagrel Nt er medi at e
el ectrode 50 is positioned between the driving el ectrode 36 and the

count er el ecthabiiethy goteipiabigicesnpgbetyira thadrivingedicipde ¥ adthoaerBalidepar at es
the drugresgLygid Sélg sﬁéﬂttﬂattfgp‘[hggﬁfg' 10080 4R dhld ééer\%’lfst iR porton ﬁcgﬁeed bet ween

the driving electrode 36 and the i'nternedi ate el ectrode 50, and a second
portion 54 droddetbds Yeken thetvemp nolertyad thatcbargbdedrng sueaslhand t he

Count e f ey ol ORIPy 4 LG ABES . JRLy s ShpRned [ che
in the drug Keservoir’s first portion 52 trg\}?vard’s the second portion 54.gSimilarly, the
potential difference between the intermediate electrode 50 and the counterelectrode 18
is such that, for the drug ions in the drug reservoir’s second portion 54, the
intermediate electrode 50 has the same polarity as the charged drug ions and the
counterelectrode 18 has the opposite or counter polarity, thus driving the drug ions
from the drug reservoir’s second portion 54 towards the wearer’s tissue in the same
manner as described above. (It should be noted that “polarity” is relative to an
opposite or counter electrode, and thus it is correct to state that the intermediate
electrode 50 has one polarity (e.g., positive) when compared to the driving electrode
36 and an opposite polarity (e.g., negative) when compared to the counterelectrode
18.)

[00048]  Without being limited to a specific mechanism of action, it is believed that
the drug ions migrate from the first portion 52 of the drug reservoir 16 to the second
portion 54 by a “push-pull” action. Specifically, the drug ions in the first portion 52
are driven to the intermediate electrode 50, which is essentially the interface between

the first and second reservoir portions 52, 54, by the potential difference between the
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reservoir 16 is a gel, the internediate el ectrode 50 nmay be placed in
position and set in place as the gel cures. Also, the first and second
portions 02002008 be separately formed and pl aced on ®eppasog/osildes of
the internediate el ectrode 50. In sonme enbodi nents, nultiple internediate
el ectrodes may be used. [00047] The control circuit may be coupled to the
internmedi ate el ectrode 50 and be operable in the driving node to apply a
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el ect rode 5ﬁbvlﬂ RSstablghshmBy RoOpravilédbyase fnh%n@l%ﬁﬂ@&iﬂu@feb@vdmr@ s@hds t he

count erel ect ﬁde 18 has t i

osite or count oIa s driving the

drug ions f %rﬂ@ndvqtaeﬁ@s%rr% FOsStoLh 8% &%ﬁ@b@ ﬁw@i St he wearer's
tISSUE in t&@mﬁﬁmﬂvﬂ&ﬂﬂ%ﬁhﬁ%g@ﬂ%ﬁb&hﬁdo@QQM&nmék&n%EQ@|d be noted that

"polarity" is relative to an opposite or counter electrode, and thus it is

correct to KOPOR0E t Repferpbie ﬂilerﬁpé‘l"l%ﬁ’tt‘é[?f‘é‘ thy eunicdrstrads Wernddife polarity (e. g.

positive) V\fﬂ%ﬂn&@d’(@é‘lé&%& 90 Ish&s @l{ah\{lﬁe"s%a&ﬁ%&&@l%@lﬁteﬁﬂghﬁ@el@&%@' te
polarity (e.qg., ative) when conpared to the counterel ectrode 18.)

[ 00048] Wtﬂb@ﬂt rwglgl dlaeiredaP & o has mpedashirdourmd rairgsindbthabe dbng i t i s
bel i eved thﬁl&d Q%glwﬁloh@gﬁdH‘f&&ﬂtlﬁacﬁtﬁfﬁb&m&st st portion 52 of the drug

reservoir e second portion 5 y a "push-pull" action
Speci fi cal I[9005tllhe dhegtd ¥mdidhn drgiof iy teansypatied i isPcalygoddictendrie t he

et and seepn BRERyaRor HObihih o B AR RGN i dech S bh BREL o ence
bet ween theﬂ&xwfﬂ@ramdohn&&mﬁedﬂawEMEkewﬁwgﬂeheaﬁnﬂﬁasTANSEWmsalnterface,
the potenti I?olwer etfﬁchetlceyn %andpomt closely spaced electrodes are more efficient. However,
narrowing the gap between the electrodes also reduces the volume of drug reservoir
therebetween (and hence the amount of drug ions stored therein). These are
competing factors in the design of a typical iontophoretic device: power efficiency
relative to drug delivery rate versus overall volume of drug stored.

[00052]  With the presence of the intermediate electrode 50, it can be placed
closely to the counterelectrode 18 to increase its contribution per unit power to drug
delivery rate from the drug reservoir second portion 54, while a larger volume of drug
can be stored in the larger first portion 52 between the intermediate electrode 50 and
the further spaced driving electrode 36.

[00053]  Also, the intermediate electrode 50 may be a membrane that reduces or
prevents passive transport of the drug ions from the drug reservoir first portion 52 to
the second portion 54. This limits the amount of drug ions available for passive

absorption into the patient’s tissue when the device 10 is not being operated (i.c., the

passive mode) to the much smaller amount present in the second portion 54. Even if
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between the internedi ate el ectrode 50 and the counterl ectrode 18 further
drives the drug ions away fromthe internedi ate el ectrode 50 and towards

t he countwoebsenyode 18 and patient tissue. Thus, at thecrntsesivasasprovi ded
by the internediate el ectrode 50, the drug ion mgration or transport may
be descri bed as being "pushed" towards and then "pulled" away fromthe
internedi ate el ectrode 50 by the potential differences relative to the

driving el egt (pGRedBre ARG ERUMNYr ElcBAbK O Rssiv A RRESh Melarud 80049] The

resi stances between the driving electrode 36/internedi ate el ectrode 50 and
t he i nt er meidioghesceprslnorigied 4o hisegl nete peanewpeidénalt a8thgdenederphiragtivth whi ch

current 11 il s eADIThELSMIRYB: BY Al e Oaonl eIk 8kl @fert e dr Ug

reservoir as an el ectroconductlve ge resistors, as
di scussed abolves a Mhmbrand, sodisnvatst eovsutorfeniter faswiat Snmuencntmassvd vi ng el ect rode

36 to the coUNELE ést‘?ffet %—Rgﬁag&?%tiég%gg&] thE &In‘?ér E’Jt g%ﬁlﬁ}ZB?gﬁeﬂgn tween the

count erel ectrode 18 an ate ss than the
spaci ng betMeioeiﬂn@sﬁhataelﬂa}bfdmaltf@eadithccltugicb@sm and the driving el ectrode 36.

This provid va es | th the, driving, nmo si ve node,
and a for ce@ﬁ érllictl ve" gh qf’ eﬂ%egﬂegf%rﬁg%gq 'ﬁ‘?gnt?g{e@tro el\%ﬁ?c aa drug ion
IS transporatseudnenﬂarm 1tmyd>alfdrme¢mdmycmbmbrade mgtefrigis@eMaing, usna function of

t he potentl i fferenc en the e trodes on. o Sld of the
reservoir, aneﬁlléorqioég ﬁge&]ﬁé}bat?)rgt“i’ﬁg ?rWQHélTeéaélﬂ‘lrogﬁcg@ﬂl froma
povwer ef fi woamySr piiranOhoieh Eﬁnducﬁiv@&ﬁd )Praaalsl@dheah@ﬁﬁdd@deaewoee rmr e efficient.
However, narrow ng thg ‘88‘51&8 en th el ectrodes ﬁ{uo re uc s the vol une

¥

of drug resBfRYRRC ihe i€ dhetrasRor ] druedensdharef TOB%% st or ed

therein). Tioesss) ar er&@wtther@a&agbméenltﬂe tnfeemélBst e1ctRfde 30 biyPihe al
i ont ophoretic device; power efficiency relative to drug delivery rate

versus over®Upteiglctiods 1§f15 Bruasersaed o f%@%@? SRAFINE bEWEchhEsence” of the

i nter medi atiggh&Gdt 0d&roal 50 hid BaBrNAR: ALALRM3E! ORE ﬁfef%ﬁb%/h@la%%t@ el ectrode
18 to increase its contribution per unit power to dru elivery rate from

the drug relserthasiar cged snt paPts onl0a, TWY%“%%W@E@W@I une of drug can be
stored in ttﬂﬁoéﬂrg%{m{én’iﬁhmﬂ%{ tsinfl ?%o eLMRSA Eﬁ%éo?s’s&f%% & el ectrode 50
riving e

and the further spaced e 36. 00053 e internedi ate
el ectrode S5@nirelycitgeit & sipisblrie a fdredd instiue medarinpriefoeged snashigsingds, t r anspor t

of the dr thh-é 9&1%0{ E&mtm? aglreysg algqu gﬁgtglilt[al Io' the Eouﬂ%'fetlé-c(t-}gdes& $Qhe same

polarity as the charge of the charged drug ions and a potential of opposite polarity to
the driving electrode 36, thus repelling the drug ions away from the tissue of the
wearer. That is, because of the attractive nature of the driving electrode’s 36 potential
and the repulsive nature of the counterclectrode’s 18 potential, the drug ions are
encouraged to migrate away from the counterelectrode 18 and the wearer’s tissue
towards the driving electrode 36.

[00057]  As an option, the control circuit may also be configured such that in the
forced inactive mode the control circuit applies a potential to the intermediate
clectrode 50 that is between the potentials applied to the driving electrode 36 and the
counterelectrode 18. Thus, within the drug reservoir second portion 54, the drug ions
are repelled away from the counterelectrode 18 and the wearer’s tissue, and attracted
towards the intermediate electrode 50; and within the drug reservoir’s first portion 52
the drug ions are repelled away from the intermediate electrode 50 and attracted
towards the driving electrode 36. Thus, the drug ions are repelled away from the
tissue of the wearer and from the drug reservoir second portion 54 to the first portion

52. The same “push-pull” effect may occur at the intermediate electrode 50 as
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t he second portion 54. This limts the ampunt of drug ions available for
passi ve absorption into the patient's tissue when the device 10 is not
bei ng opewateth/i2p928. , t he passive node) to the nuch snalPCErUSamm0B413pr esent
in the second portion 54. Even ifthe internedi ate el ectrode nenbrane all ows
sone passive transport of the drug ions into the second portion 54, this
still acts as an upper limt on the |long term passive absorption rate. The

count er el ecikQaRd HHWBMbH if RvBRecONstructed as a barrier |ayer, such as a
menbrane, as di scussed above, to further restrict or prevent passive

absor ption 8P038he ah@@dvaéwgeowytt@%rﬁéftcituﬁél Rewer werresihraedicepashisele 18 may be
h t f t.
open mes ﬁ%?gﬁ? {[kﬁ(iru?nt Sh ?TJEH?}b %Jekrlér B&RL lﬁ@ﬁra‘ﬂ’lyt ﬁle‘i'ély&eyagf&gpor

[ 00054] When Iate e ectrode 50 "or count ctrode 18
formed as aspasinhbawesn the cqmayreb@trf)@r Hed figerngdipteratartypdm® arhanses the |

i ncluding, [yt &gichltﬂe’Hnrﬁ%i‘énst% E?I‘P%l WithRd fhe AR gééeﬂlo s%&%g pBtiSn metal lic or

non-netal lic, r|nt con ive ink.
Preferably ?hemimeémmtdwamngWE@tmodevmgﬂbuaWe35@nd@mhydnm¢hmblc to further
reduce the 11 ere hr ou 00055] . Pr.ef e ably, t he
spaci ng bet¥ (%ﬁa$ﬁ%p nglﬁggmgfgﬁ%@%é¥ %&ge gaﬁﬂggfﬂg(%%ﬂgiere?ectrode 18
i s | ess thamtient’sagsiel to 50% of the spacing between the internediate

r ef er abl t hat value is

el ectrode 5 e drivi eIe t ode 3 ,

Ceos than oboBRal TRt b6 st P BRSSP s R g

[ 00056] In Iaﬁenﬁmb@dlly%ﬂlb,coﬁitéfblbafddy 18 and the irtdrhedibtdrnrttréliesouTEQds, above, the
control circuit switchable to.a forced inactive de. In this forced

i nactive @%COIWHECIEPBHFP eS&PP‘E’&Ha?tOn‘E?C%’Ptelr%%‘férf’d%{)gp‘{?heasaﬁ‘&tpéf?flfyaﬂs to the
count er el ecihe eihescldd tefchhfded &@geor@oinaralpbwnﬁ@ of bgpositaiogitefo thhre charged drug
ions and a potential of opposite po arity to the driving el ectrode 36, thus

repel |'i ng tlﬁ@rra?%e?eﬁgoda yTIPFE?ﬁPEH@dE"i‘gs@&“eaW frompthgeeipdsrelectipde | s,

because of ffhgjatddsdeddrvie \J&'&Eéﬂ I $1d ftrabQ %edfrﬁ%’ ioHQto%@iﬁ%ehﬁé’cﬁ‘at@ cl3&rdaet enti al
and the repul sive nature of the counterelectrode' s 18 potential, the drug

i ons are enﬁblﬁeﬁ%@lﬂtli)wlﬂcg?a&%hlﬁb\mm?m’@ﬁﬂ pledrebignt @rﬂaﬁ isetpeslipge 18 and t he
wearer's tigsi8ad QyRs éoFtE@dﬂ @ds%%f% a%’bﬁtotﬂe E@@wﬁ%z p_option, the
nflgu

control circurt may al so in't orce i nactive
nmode t he cdh@@mgrwﬁm©mﬂ6bapph®%s a potenti al to the internedi ate el ectrode

50 that is @ﬁée Jf?e‘igmﬁl%‘?%bé‘dlﬁle pt@lle'tﬁﬂro‘i Srduii§n Belifd A% Gl&GhLPde 36 and

t he counter drug reservoir second portion 54,
t he drug i capply potent1als only to the intermediate electrode 50 and the driving electrode 36.

That is, the control circuit applies a potential to the intermediate electrode 50 of the
same polarity as the charge of the drug ions and a potential of opposite polarity to the
driving electrode 36. This repels the drug ions away from the intermediate electrode
50, and attracts the drug ions to the driving electrode 36. This prevents or reduces
transport of the drug ions into the drug reservoir’s second portion 54, thus limiting the
amount of drug available for passive absorption into the wearer’s tissue. Also,
because this will result in low or zero concentration of drug ions in the area of the first
drug reservoir portion 52 adjacent the intermediate electrode 50, it is possible (but not
necessary) that some drug ions will passively migrate from the second portion 54 to
the first portion 52 due to osmosis and the concentration gradient.

[00061]  In any variation of the forced inactive mode, the respective potentials
applied to the electrodes (i.e., either all three electrodes, the driving
clectrode/counterelectrode pair, the driving electrode/intermediate electrode pair, or
the intermediate electrode/counterelectrode pair) may be applied in predetermined

intervals, as discussed above.
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are repelled away fromthe counterel ectrode 18 and the wearer's tissue, and
attracted towards the internedi ate el ectrode 50; and within the drug
reservoi rwe 2biowmpo2porti on 52 the drug ions are repel |l edprPatag26wosiithe
internedi ate el ectrode 50 and attracted towards the driving el ectrode 36.
Thus, the drug ions are repelled away fromthe tissue of the wearer and
fromthe drug reservoir second portion 54 to the first portion 52. The sane

" push-pul | “[ogdd2gct A%&ug‘ﬂ%%&rogllocés@@r ik Plefh 2B dirpt&ise LeGtol BFlge 5O asdescri bed
above, albeit in reverse. [00058] This advantageously uses el ectrical power

to prevent ketentialdgpriich i glectitsisdHpBPo. Bimay the opnitied apdiis cpiftad makie wearer' s
tissue. Pr eﬁeﬁfr&hh%’bytﬂaﬁcwé&tél LY ShRFEr spaci ng between the

counterel ectrode 18-"and internedi ate el ectrode 50 enhances the rate at
whi ch the di00@p3 on&omxemplicangpbihowd theibadie pirculitey @r 4 gontwselrandiwithgwcond

portion 54, . I e i I Vi I ode 36 and the
i nt er nedi attg?cg?énc ?VSJ‘Z([ (%O&Bra%\a/l:%dg(g a?ﬁ%q\ggs%%yglg%%&g gcft%gfg’gfrl%ge of the drug
i ons di st al drivirgul¢chredpatd errmglidte slsctende [rOPO&HElYl ResintotsHRey aghRedi ment, t he
control cirgcuit n'{ i.nactive rmfi

the i. y,.appl otentials only to the
count or ef ectistiat B s T e+t REGr S anan Sl Bkl st b e Cont ro
circuit appdlécasda (potCenindalg foogd,head deuning Pataading ddehcl@staihdtévendanme pol arity
as the charge.of .the charged. drug. iops d a potentijal .of opposite
ol ar oy T OIS Sty B en kS Beingl Cofb® ERubEe tRuRES | ons aay
fromthe counilipgeheaitb@d@fdBnandsd: iR ibtesmfd@tcodlectidge YRR interaddiart t racts t he
drug el ectrode 50. Because this will create a high

ions to the inte i ate
concent r at i REngpl M&jﬁggﬁﬂewaenw@sqdmw%a?wgs COCPFIORE S e ore of t he
drug ions nAyse@psshionab powtdhddiful ethlih@tabiidhsde A@RidgRoRPanf didddndisug
reservoir 16 by osnosis. [00060] .In yet another enbodinent, the control

circuit in PRBOVHALYFSB throepsn payjicdivy cydtlishipe apEsampPdelo t he internedi ate

el ectrode 5@ogdag t By Kal il BE SRIVELLIFQARIMARY t0TH18L4, boept B paidésr ol circuit
applies a potential to the internediate el ectrode 5}6 of 'the same polarity

as the charyétchss SonEoxindgsri BHSrameiPiavided evividrs Bfi/ Sopybaidechetuaki ty to the
driving el egl {e?lgglaﬁgfth-g?tbge{ s‘é{ﬁ%éﬁl &n@ﬁ‘ooﬂﬁ‘dft%gh{? eatg)%é{ esfta{b(i’iE’l? ﬁl%ribigger medi at e

el ectrode 50, and attra e drug ions riving electro 36. This

prevent s ormpddaekihe switghspdm end$r tle@peiiry shovsining. dat heFigribgtheeser voir' s
seoond po ARy uyS 4R L. 8, LA € A RURALES] Gl 1, passi ve

closed, thus reversing the polarity configuration and establishing the forced inactive

mode. In particular, this forced inactive mode has potentials applied to all three

electrodes.

[00065] In Figs. 4, 5a, and 5b, Vp, V|, and V¢ schematically denote the nodes at

which the driving electrode 36, the intermediate electrode 50, and the

counterelectrode 18 are located, and their voltages Vp, Vi, Vcare controlled as

described above. Although the example circuits shown are configured for driving

positively charged drug ions, the power supply voltage applied can be reversed for

driving negatively charged drug ions.

[00066] These circuit diagrams are examples only and are not intended to be

limiting. Any circuit arrangements may be used.

[00067]  In one particular application, an iontophoretic device of the present

invention may include a procedure window, as shown in U.S. Patent Publication No.

2009/0299267, the entirety of which is incorporated herein. An example of such a

device 10’ is shown in Figure 6, which includes a procedure window 11°. Because

the device 10’ can have an opposing electrode construction as described above, it can
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because this will result in |low or zero concentration of drug ions in the
area of the first drug reservoir portion 52 adjacent the internedi ate

el ect r odewb@p10/129928 possi bl e (but not necessary) that secg/useag/o3ads Wl |
passively mgrate fromthe second portion 54 to the first portion 52 due to
osnosi s and the concentration gradient. [00061] In any variation of the
forced i nactive node, the respective potentials applied to the el ectrodes

(i.e., e'th&ﬁnﬁksn&h&%&1?&%§B&QQ@§akaﬁw@bk%HB&nﬁ%ﬁ&&&ﬁ@ﬁﬁ%&yntere'eCtrOde
pair, the driving electrode/internediate electrode pair, or the

i nt er medi at Bulsplecloeietls/resnmvirerie ferdichsiag gaigriynsrd jhcisama fsid célargr: n
pr edeterm nﬁ&n 'séyaﬁtlfe é%eZ\FOrnggln@bﬁt%§ ﬁ& a?tqg%leaili' %Q@(%Jl Cﬁl‘oﬁ@@éﬁ

m cropr ocessor for C|se cont otentlals appl i ed
to the el ecdallddeigugsavlthadls ﬁ@ppqsne wai¢ Cberg@)rrpltme@bhanmgtWSthffemm may be

provi ded by fr&ﬁ§épﬁra?d Jeé:eWOtlrseITﬁlg%ﬂ{ Be a%%ax}@@éc LUS 1L99191§1§%r of (a[ffeféﬂ%u? i€al Fig. 4

shows the basic circul for a contr I T cui h no Torced I nactive
node. Nodesprd@duiB$, and 50 represent the counterel ectrode, the driving
el ectrode, tive anﬁgerg&i.s RG and R&

repr esent t@@ 2;lsp ¢ Wﬁﬁiggr g%@“%umlsqﬁggqmF"dP res&rvoi'rs portions
bet ween thomexmheﬁWﬂ@ﬂem:%n&Emgksmamdrng for gel, and the 1 and 2 standing

for the fir d cond r ns 52, 54 res ctlve Res tor R and R2
Const it ut o OO L DECoMerBsd bPSaRueit FRE vlarlilaaé)f&rlrﬁa Lo set the
internEdiatﬁb&kﬁﬁh}@ﬁ@gﬁﬂvéh an internediate potential. Switch S, shown in
a cl osed po | on, connects powey ce in the. closed pgsition to
power the C@P@&Jt thepusthe e re@ﬁrsrfglt%bi‘dﬁ ik Ry disalinggihy DREBnnect s ¢ he
power sourc&mh@n&hﬁﬂgpem,posrtron (thus establishing a passrve node) .

[ 00064] Frgs 5a and 5b show a circuit simlar to éﬁ& , except two pairs

of switcheslV8Ki1l/ S adfcraps 2 ghide iy 19} giphevriadgouabihe ke Bpl / sD2 when

cl osed coupjgqithe term nals of the power source in one polarity
configuration to establish the driving node éand the switches SFI and SF2
are open), @80Rhowd)i nrerrying i nepde Fﬂpgg agltptt thpy guideuvire A0kiosi ti ons are

reversed, b@ﬂ;““%he&q§gh %@Sgéw%ﬂﬁ&ﬁﬂeﬁﬂg &é&ﬁ%?élSF| and SF2 cl osed,

t hus reversing olarity configuration an establ i shing the forced
i nactive nol@@074ln par tinovihathe dilposalpny theguilpaae tomnetratethh agenpgtient i al s

applied to tﬁét)a&eﬁ{ fﬁm? 1s%&<%a{n(aq7%ﬁltohgggﬁlgl[sadi& Figs. 4, 5a and 5b, VD, VI,

and Vc schenatl ca deno he no
[00075] (6) retracting the dilator 102 along and off the guide wire 101;

[00076] (7) disposing the catheter 102 over the guide wire 1010;

[00077] (8) moving the catheter 102 along the guide wire, through the patient’s
skin tissue, and into the vein, with a proximal portion of the catheter protruding out
from the tissue for access;

[00078] (9) retracting the guide wire 101;

[00079] (10) dressing the site to secure the catheter against the patient’s skin and
close the wound (which may include stitching and/or the use of an adhesive dressing).
[00080] With the embodiment of Figure 6, the entire procedure may be performed
through the procedure window 11°. It is also possible to place the device 10’ over the
catheter 102 and against the patient’s tissue around the catheter 102 after the
procedure.

[00081] The device 10’ may be used to deliver local antibiotics to the procedure
site to combat infection. Because central line insertions tend to stay in for a long
period of time, infection is a serious issue, and these have a very high infection rate.

The key factors driving the high infection rate are (1) the skin is penetrated, and
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which the driving electrode 36, the internedi ate el ectrode 50, and the
counterel ectrode 18 are |located, and their voltages VD, VI, VC are

cont r ol | estoasiodieswsi bed above. Al t hough the exanpl e ciredirtus2aosi3ar e
configured for driving positively charged drug ions, the power supply

vol tage applied can be reversed for driving negatively charged drug ions.
[00066] These circuit diagrams are exanples only and are not intended to be

limting. Afeqh hﬁ&'?&ne@rﬁt’é%&ﬁﬁ%@om Beictds e paliQROEdlirihd el Particul ar
application, an iontophoretic device of the present invention may include a

procedure viinesbnicals hayk oRmOs fﬁ0f@SglouPh@’f’éthtCOllﬂh‘EﬁfiSc‘ﬁthlbﬁamea@@@9/“0299267 t he
entirety Ofo&éﬁmiﬁn{uﬁe wvéﬁa{c ﬂ%&}{oﬂ&ee(?k E%e%ks%ﬂ&% 1R Gt farSiH GleRivdevi ce 10°

is showmn in Figure 6 I ncl roce ure w ndow 11'. Because the
devi ce 10' @%hWHQM@Hdhwmb@dsmngﬂ@béwvhbd&ﬂ@oﬂ@hmm@bﬂ@ﬁfﬁgwubscr|bed above,

Countor e nﬁggmgﬂ?togguse ﬁh%m%P%ﬁ @%ﬁmﬂ%ﬁ%ﬁ)tkg%ﬁa )H%nzgaﬁggpmﬁelivering

counterel ectro ectrode/ reserv
drug ions a@mmmdeameannnqmwhmmqangﬁawumepaimﬁba&e&eﬁvwna@hémnmcontrast

prior art latera C ectrad es er dru wi t.h.ions of
opposi te |o§|§ 1g¥§n%ﬁ S VG mgh%$¥%%l ng rgaw%?“ﬁﬁ?f%réﬂ¥oyggﬂ1separate
reservoirs. mThnsamanPbexmdmpmMagﬂmuﬁmlnmmammmhemwﬂmﬁhﬁden&mtmsurglca

procedures 000 eC|f|c sur. |ca s.central ]ine

i nsertion. ﬁ'tg‘ie] P‘%ﬁ%é Y eyt ﬁ‘vaS’lag t?’ﬁ‘geﬁ‘ 006’\}63%“ ‘B%%‘id& acts:

[ 00069] (lhhema@mhmag a hollow needle into a vein (which is typically the
fenoral, aV|an eln 00070] .then, if the needle returns
suitabl e bl @B@ZM oW it ?toatogﬁﬁem qvice gf %‘BQFG’P?‘] t Bygrtonothe deyioe e n:
[00071] (2)be|L@@&fotdeﬂg:r@ocgwndﬁblww’s@o tll%duﬂa ftetth 8ot Buchiba@bigh the bore in

t he needl e; LOOOZZ] (3) .retracting the needl e along.and off the guide wre

101; [ 00073j°lquirptien ¥pigsicipna TheHFSH 1 Fasriclhorthe pREngenngBuUdYe 101 ;

[00074] (5)andQ¥dyn. Hﬁ@arﬂhé@%‘%h@lr 9151%15‘[13@0199[3(&1@@’521&@ TRs RENRLY AbRIst he
opening in the patlent s skin tissue and vein to dilate the 'sanme; [00075]

(6) retracthwipnerer o vaisight BOEisddorigh mprraby fpnlipdtogisridecaimangs, 1lpo
ensures penetration of the drug into the skin tissue itself where topical treatments do
not reach. Moreover, the use of local antibiotics targets bacteria at the procedure site
where the infection is most likely to occur, unlike oral or intravenous antibiotics
which are carried throughout the body by the bloodstream, and may trigger unwanted
side effects (such as, for example, disruption of beneficial digestive flora, or vaginal
flora that keeps yeast growth in the check).

[00083] It is possible for the opposing driving electrode/counterelectrode
configuration to be used with the same electrode pair extending about the entire
procedural opening 11°. Also, it is possible for discrete sets of opposing driving
clectrode/ counterelectrode pairs to be used. With discrete sets, one or more of the
opposing pairs may be used for antibiotic delivery, and one or more of the opposing
pairs may be used for delivering a local anesthetic (such a lidocaine). It is also
possible for one or more of the pairs to deliver an antibiotic of one type, and another
one or more of the pairs to deliver an antibiotic of another type (and more different
types could be delivered as well).

[00084]  In other embodiments, rather than having a procedure window 11’ fully
enclosed about its periphery, the window may be open laterally, such as C-shaped, U-
shaped, or an opening that is close to be fully enclosed but with a small lateral slot.

Such designs may be desired for easy interchanging laterally about the catheter
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[ 00076] (7) disposing the catheter 102 over the guide wre 1010; [00077]

(8) noving the catheter 102 along the guide wire, through the patient's
skin tisswe,20emd9928t o the vein, with a proxi mal portionpoff/ush@ooatiBet er
protruding out fromthe tissue for access; [00078] (9) retracting the guide
wire 101; [00079] (10) dressing the site to secure the catheter against the
patient's skin and close the wound (which may include stitching and/or the
use of an a@ﬂ?o%’tl\{a{fx‘m%rt@%%b&ﬁ):ct a{lﬁﬁ)&@% dW&@oFthﬁngB@@deq@ﬂfe c@thethi, gure 6, the
entire procedure ma perf orne hrough the procedure window 11'. It is
al so possi bli0B0§SH piT g@:@rqg@elgdlélwre@d embodimenpts haye beerietided spBYy Bhd agai nst t he
patient’ s tigatein @ Yntkaliind ARELAT pripiAfdrfle e RARARAH LRI sbBQOB1] The
device 10' nmay be used el'iver lTocal "antibiotics to thé procedure site
to conbat ik betaganded Belumus@ Eethe caitraly, the pressetrinvconen i enchdedtostay in for a
| ong peri od I i e e a very

hi gh i nf ect |ngIr’1m AS?B 1 m?ﬁlfggééogl/@g lzla]%:s'? glﬁ’igﬁs 51?“3#%8&1? ﬁs%thn‘?ﬁ% M}‘ e%ﬁ S?) “ate are
(1) the skiodfthsfopemet pptcadsd danoibact eri a may penetrate the wound about the

catheter, (2) patients requiring central lines typically have one or nore
serious health conditions, which may weaken their overall imune system
response, (3) patients with central lines often are in intensive care

units, which tend to be populated with bacteria, particularly bacteria with
resi stance to general purpose broad spectrum antiobiotics, and (4) many
central lines (particularly in energency roomsettings) are inserted in the
fenoral vein at the inner thigh, which tends to have a high preval ence of
fecal -rel ated bacteria due to proximty to the rectum Periodic topical
treatnments, such as iodine, etc., are used to treat the skin surface, but
that generally is |l ess effective against bacteria col onization beneath the
skin surface. [00082] Wth the iontophoretic device of the present

i nvention, the device 10' can be used to deliver local antiobiotics to the
wound site to conbat such bacterial colonization and infection. The device
10" can be left on the patient continuously, and may be programred to
deliver antibiotics on frequent basis. This not only avoids human error or
oversi ght associated with manually applied topical treatnents, it also
ensures penetration of the drug into the skin tissue itself where topical
treatnents do
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not reach. Mreover, the use of local antibiotics targets bacteria at the
procedure site where the infection is nost likely to occur, unlike oral or

i ntravenowe 2amvi2ke28t i cs whi ch are carried throughout thechasgolopsiibe

bl oodstream and may trigger unwanted side effects (such as, for exanple,

di sruption of beneficial digestive flora, or vaginal flora that keeps yeast
gromh in the check). [00083] It is possible for the opposing driving

el ect r ode/ cqunersatechigse configuration to be used with the same el ectrode
pai r extending about the entire procedural opening 11'. Also, it is

possi ble for discrete sets of opposing driving el ectrode/ counterel ectrode
pairs to be used. Wth discrete sets, one or nore of the opposing pairs may
be used for antilbi ot A® igrdpphgeaty drugrsiglivane deyicefpr delipringiedrepivisstheig pai rs may
be used for;del iferdang tRe dR%RloAPSgLeti ¢ (such a lidocaine). It is also
possible for one or nore of the pairs to deliver an antibiotic of one type,
and anot her one adesqypore of the pairs to deliver an antibiotic of another

type (and nore q&&&fégﬂ&ﬁ}%ﬁgﬁﬁﬁgg%ﬂagqﬁgﬁh}égﬁ&%o%inmelI). [ 00084] In

ot her enbodi nents, er a pro dow 11' fully encl osed
about its peri phairyngtehetrodemdevomslabbe tbpdng ratwrml | y, such as C- shaped,

Ushaped, or an qpeni.ng, that is.cl tq be fully .enclose ut. wth a smal
Cateral st suerouageb R pki gkt hhehtaciys el Okt Re i ditirky aceraly
about the catdreterw t hout having to di sconnect any delivery device or

tubi ng coupled to the catheter. [00085] The foregoing jl.lustr d

oot ment o have BAEH cHRUURHEEoPary e SLFR PR BIE ur a1 and
functional e tficihptlearoat aidie pomsediéctiody &t dpefbleama dstiagmddak be regar ded
as limting. To the conaéﬁ%xﬁgthe present invention is intend to

enconpass atPPIYMsA RALLE] S SIaetreds W s saRR golayds HieioBHE Qi Phi n t he
spirit and &aapedal ishand @bbt@wamgf@?m%@mr@t@hﬁﬁ&om&Elebt&c@lsAh%D: 1. An

i ont ophoretic drug delivery device for deljvering a drug into the tissue of
a wearer, tHEedmghageddnsimsionprdsdhpsie oifhgWegictlr eservoi r containing a
supply of charged drug ions; a driving el ectrode positioned above the drug

reservoir; a counterel ectrode positioned bel ow the drug reservoir opposite
the driving el eck r odéan 1ontophoretic device according to claim 1, wherein the

counterelectrode is also a barrier layer configured to essentially prevent passive

transport of the charged drug ions therethrough.

3. An iontophoretic device according to claim 2, wherein said

counterelectrode is a mesh.

4. An iontophoretic device according to claim 1, wherein said control
circuit is switchable to a forced inactive mode wherein the control circuit applies a
potential to the counterelectrode of the same polarity as the charge of the charged
drug ions and a potential of opposite polarity to the driving electrode, thus

transporting the drug ions away from the tissue of the wearer.
5. An iontophoretic device according to claim 4, wherein said control

circuit is configured such that in said forced inactive mode the respective potentials

are applied to the driving electrode and counterelectrode at predetermined intervals.
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a control circuit including a power source, the control circuit being
coupled to the driving electrode and the counterel ectrode and operable in a
drivi ng medeofooroappl ying a potential to the driving el ecrrusdaons4iBhe samne
polarity as the charge of the charged drug ions and a potential of opposite
polarity to the counterel ectrode so as to drive the charged drug ions
towards the tissue of the wearer. 2. An iontophoretic device according to
claim 1, wherein the aQuborkieb¥iQORchrdin@hSQaith DaIHetRl sald@¥@froiconfigured to
essentially prevent passive transport of the charged drug ions

t her et hr oughtcuiis spgitchabli to gHoeed inectiye yiode where il ogtreleiigpiapnplios 2 wher ei n sai d
counterel e I j et I hng to claim
1 her of n k7 b BetoRE oot Ml P RIRLT ! e KT AL, ¢ rpe
wher ei n t hedrogiong eid apatantipl of appsitegolarity ¢ dintditaing elgctrdde, thesunt er el ect r ode of

t he sane po ' - ug ions and a potential of
opposite pot:rag%llgo%r%ng[a%e ?ﬂg 10&?%?ﬁgg%lt%%?sﬁlgéﬁt%e\ﬂ%ag&t ransporting the drug ions
away fromthe tissue of the wearer. 5. An iontophoretic device according to
claim 4, wherei r)7 sai %[nclon% rh%lreti(:idg: Clé'lel'c{[ ir inc?onfliai%lu(g § rseycsgi hoa%roli n said
forced inactive frode e ﬁéspe tTVe ﬁ8f REiars aW@’ﬁpp ied 1'%t he driving
el ect rode atidutt uwohfgeécath tdeinatidPforecihatine mede thatr@pacsih s pdentidly

i ont ophoretic device accarding to claim2, wherein said controJ] circuit is
oot t ohabl 6 FET ROBG RGeS Pt e P RARROIEMEba: appl i 65 2
potential to the counterel ectrode of the sane polarity as the charge of the

charged drug ions and a potential .of opposite polarity to the driving
el ectrode, thus rangﬁd?rﬁ‘?ﬁ]i]@reﬁlﬁ eﬂ?w%ﬁﬁ%t%@w Jf’r“@ﬁ{eflhséldtrie%eﬂ?ér of the

wearer. 7. ﬁau&g@gﬁp@ﬁﬁﬁ@%gﬂﬁﬁm&ggj@gggmging to claim6, wherein said
control circuit is configured such that in said forced inactive node the
respective potentials are applied to the driving el ectrode and

counterel ectrode at RAnLolRLHoRD At YcBEMRL S0 clfim AVHRM QRNQLELI C devi ce
according to claim1, wherein said reservoir includes a gel conprising the

char ged dr ugrcribinsludes a mygrepsopeesphbor eentwllmavhcapheasion of prientials & e m 1, wherein
sai d control.&lp&uit includes a mcroprocessor for controlling the
application of potentials to the el ectrodes.

10.  Aniontophoretic device according to claim 1, wherein said drug
reservoir is electroconductive to enable current to flow between the driving electrode
and the counterelectrode, thus coupling the driving electrode and counterelectrode and

providing a resistance therebetween.

11.  Aniontophoretic device according to claim 1, wherein said charged
drug ions are selected from the group consisting of: elemental ions, molecular ions,

and complexed ions.

12.  Aniontophoretic device according to claim 1, further comprising:

an intermediate electrode positioned between the driving electrode and the
counterelectrode within the drug reservoir, a first portion of the drug reservoir being
located between the driving electrode and the intermediate electrode and a second
portion of the drug reservoir being located between the intermediate electrode and the
counterelectrode,

the control circuit being coupled to the intermediate electrode and operable in

the driving mode to apply a potential to the intermediate electrode between the
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10. An iontophoretic device according to claim1, wherein said drug
reservoir is electroconductive to enable current to fl ow between the
driving evecbroodes2and t he count erel ectrode, thus coupli rgTiUseo1dB4BNY

el ectrode and counterel ectrode and providing a resistance therebetween. 11.
An iontophoretic device according to claim1l, wherein said charged drug
ions are selected fromthe group consisting of: elenental ions, nolecular
ions, and couRkigk fblic@RSthe dAvinSRlebRIAt ARNAE BounferdSMA s Ao UMW t 0 claim 1,
further conprising: an internediate el ectrode positioned between the
driving el ederesddrugnenstitom be firt poreprekthodag fisempin inth the deaggd perdier voir, a
first porti . r J i Ng .06 WRE Lving

el ectrode aﬁghét)irgé %ﬁ%rgélﬁgl |§§Ig&ﬁeéfyggﬂg?(gagggédﬁgﬁg&lgge€§ﬁ& po(?}t(?fgﬁe 0 ét he drug
reservoir besanepil tovardethehistvagméhetiverci.nt er nedi at e el ectrode and t he
counterel ectrode, the control circuit being coupled to the internedi ate

el ectrode and operable in the driving node to apply a potential to the

i ntermedi at e el dét r ode ieopeetic ttra@oicentling tsclaippl 2, edietem saldecontralvi ng

el ectrode and the counterelectrode. so gs to drive e.charged drug ions
from the firsp BorfRiineh SaREREG Bull vhite Mo Srle EdETE bor t Pon of ¢ ne
dr ug reser vappliesantahriae tHeloutralkegredlc df thg saroqngolarity bhée seagnelf tihorti on of the

d [ .d [ f th . 13. An | h i
evice accolBiERh s e arhe 1o bt Bpn EReARUR Mgl inelsh R 8BS Cohabl e to

a forced i nagbporengmé erughak aivby frb@ teombicdf tiid weudrt at | east applies a
potential to the counterel ectrode of the sane polarity as the charge of the
charged drug ions and a potential of opposite polarity to the driving

el ectrode, thus yr anapasitbphdrctib dedE@cdr@ng W@ 3 Ablkhand écngye of the
wearer. 14. An iontogphoretic device according to claim13, wherein the
control ci r@Pt isconigred ok Bat 8 geid et inpchive Biode the comEp! PiFAHaPR!Es fnde t he

control ci rgjdnkia@BRldifermdRal 8Qkodd bdrRednNRe pRERBAPIRNS Bk aRLMEde between
the potentials applied to the driving el ectrode and the counterel ectrode so

as to transpeinods el thy epynicelestradeesp af fotmnsiest the dyigéonswen Bomdkg er and from
the second QOrd 4R x%arér'&ﬁd HOAGnd %éﬁ{d?%h[onto? tl%{lﬁu I‘te%e%‘;coliﬂB kid gy of the drug

reservoir. 15. An 1ontophoretic device accor alm 12, wherein the
contr ol portion of the drug reservoir.
15.  Aniontophoretic device according to claim 12, wherein the control

circuit is switchable to a forced inactive mode wherein the control circuit at least
applies a potential to the counterelectrode of the same polarity as the charge of the
charged drug ions and a potential of opposite polarity to the intermediate electrode,

thus transporting the drug ions from the tissue of the wearer.

16.  Aniontophoretic device according to claim 12, wherein the control
circuit is switchable to a forced inactive mode wherein the control circuit at least
applies a potential to the intermediate electrode of the same polarity as the charge of
the charged drug ions and a potential of opposite polarity to the driving electrode, thus
transporting the drug ions in the first portion of the drug reservoir away from the

second portion of the drug reservoir and the tissue of the wearer.

17.  Aniontophoretic device according to claim 12, wherein a spacing
between the counterelectrode and the intermediate electrode is less than a spacing

between the intermediate electrode and the driving electrode.

21



circuit is swtchable to a forced inactive node wherein the control circuit
at least applies a potential to the counterel ectrode of the sane polarity
as t he chapgeloo992Be charged drug ions and a potential eCTapspasiosaspol arity
to the internedi ate el ectrode, thus transporting the drug ions fromthe
tissue of the wearer. 16. An iontophoretic device according to claim 12,
wherein the control circuit is swtchable to a forced inactive node wherein
the control circuit at |east applies a potential to the internediate

el ectrode of the same polarity as the charge of the charged drug ions and a
potential of opp8si t &npenteptiorafic devietpsceidingihelaia) Be wherg a SPRURS t r ansporti ng
the drug iopg,d I rtl . | fromthe
second portlon&%g&?ﬁgﬁ%%E%UQ%§%?g%f§£gﬁﬂﬁﬁﬂ%&%Pg§§§%%?h§ﬁg&ﬁggrer. 17. An

i ont ophor et betwepaviccsternainteltlegrodoan the duivieg cledieodei n a spaci ng bet ween t he
counterel ectrode and the internmedi ate electrode is | ess than a spacing
between the internediate el ectrode and the driving el ectrode. 18. An

i ont ophoreti c ddVi ce Aageuemhiorgc tovicd acerdib to ellmer ki, wherempaspadige bet ween t he
counterel ectrode . and the inter jate electrode.is,less than.a spacing

et ween t ey et hr@eaPbETE Bl e Rl GR0Gn4 S F e p 5022,

i ont ophor et betwebavheCiateanaiateltlagrodoacd the dnivdidg cladhedei n a spaci ng bet ween the
counterel ectrode and the internediate electrode is | ess than a spacing
between the internmedi ate el ectrode and the driving el ectrode. 20. An

i ont opholr etic gezv)i CgA&lﬁ&ﬁd_SIﬂiofwcH@\{iGd @'t:csf}iﬁag,to M/(ﬁjiﬁ’f K, Kirlhareﬁqrhagﬁhd’i@ bet ween the
counterel ectrode and the inter iate electrode is |egs than a spacing

bet ween t hebqt%ffe@ﬁl?fef@flafﬁ@le@w&ﬁﬂ@ BRERAIRE dearotinig lesp e £ SRrEiner 1 An

i ont ophor et hegw&a VhCifteAR&RItElE10droli0artd tBé Bivifg clvhiRiaei N a spaci ng between the
counterel ectrode and the internmedi ate electrode is | ess than a spacing
between the internedi ate el ectrode and the driving el ectrode. 22. An

i ont ophoretic deyi ce AqGeRbHoRGc Uevi&d RbdRhS to WRET B, WhsRind) pRREF 0l circuit is
configured such that in said forced inactive node the respective potentials

are appl i edbateeniies wpntgiclgirededad hedetcamrdiafapicctiodnic dsethee # srgEgof _
predet er m r!%‘f'wéeﬂtﬂ?eri RlfediASeledfddl O APON; él@aﬁﬁ&' ce according to claim 14,

wherein said control circuit 1s configured such that in said forced
i nactive node the respective potentials

22.  Aniontophoretic device according to claim 13, wherein said control
circuit is configured such that in said forced inactive mode the respective potentials
are applied to the driving electrode and the counterelectrode of predetermined

intervals.

23.  Aniontophoretic device according to claim 14, wherein said control
circuit is configured such that in said forced inactive mode the respective potentials
are applied to the driving electrode, the intermediate electrode and the

counterelectrode at predetermined intervals.

24.  Aniontophoretic device according to claim 15, wherein said control
circuit is configured such that in said forced inactive mode the respective potentials
are applied to the counterelectrode and the intermediate electrode at predetermined

intervals.

25.  Aniontophoretic device according to claim 16, wherein said control

circuit is configured such that in said forced inactive mode the respective potentials
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are applied to the driving electrode, the internedi ate el ectrode and the
counterel ectrode at predetermned intervals. 24. An iontophoretic device
accor di ngvoaooli2pers 15, wherein said control circuit is eomfisguoms4iszch t hat
in said forced inactive node the respective potentials are applied to the
counterel ectrode and the internedi ate el ectrode at predeterm ned intervals.
25. An iontophoretic device according to claim 16, wherein said control
circuit is gonfdigufate S6aRs LBAIodé Tbhé FitdrREGSE cleb@SdeiaV Fre@Afidle respective
potenti al sare applied to the driving electrode and the internediate
el ectrode aftepraesdet ermi ned intervals. 26. An iontophoretic device according
to claim12, wherein said reservoir includes a gel conprising the charged
drug ions. 27. An iontophoretic device according to claim 12, wherein said
control circuit 26ncl ddasntepheictic dpriescasswding toelaipolR, wbkicinsgidireservappl i cat i on
of POte”ti3%3u&8a3£ﬁx§hﬁﬁ&éﬂQ%ﬁm-&?muéﬂka”tODhoretiC device according to
claim12, erein saidrdrug resefrvoireis el ectroconductive to enabl e
current to fl ow between the el ectrodes, thus coupling the el ectrodes and
rovi ding a resisstange .t herebetween. 29.. An i.ontpphoretic. device accordin
Do ol ai m 12, whdrer n SdyiouRirs daer sEiigkd 4Pl L BRERGT B e oroup
consi sti ng @icuit @lcknteryt alcréoppstsssorrolr eattitodingiticngpplicutidn cHpguneixied thons. 30. An
i ont ophoretic device according to claim1l, further conprising: an
internediat%“@?@?trode positioned between the driving el ectrode and the
counterel ectrode within the drug reservoir, a first portion of the drug
reservoir being | ocated between the drivjng el ec rg%e and. the internediate
|

|
el ectrode and a econd PEPRIOEHC deVieqpsceing 1o elaigy 5w Al d¥cat ed bet ween

th? inter”E@&ﬁ@ﬁr@k@@@k@ﬂﬁmﬁﬂﬁo%ﬂ&ﬂ@&#@hﬁb@%&Qkﬁﬂﬁﬁﬂwkh@g&ﬁ@hﬁ%' circuit
bei ng coupled to the internedi ate el ectrode and being switchable to a

forced i nactpingtBeeedtivdpeind piqyidinphicpisrnceithaschetvesppl i es a potenti al
di fference between the internedi ate el ectrode and at | east one of the

driving electrode and the counterel ectrode so as to transport the drug ions
away fromthe tiZsueAsfiontpphoretic device according to claim 12, wherein said charged

drug ions are selected from the group consisting of: elemental ions, molecular ions,

and complexed ions.

30.  Aniontophoretic device according to claim 1, further comprising:

an intermediate electrode positioned between the driving electrode and the
counterelectrode within the drug reservoir, a first portion of the drug reservoir being
located between the driving electrode and the intermediate electrode and a second
portion of the drug reservoir being located between the intermediate electrode and the
counterelectrode,

the control circuit being coupled to the intermediate electrode and being
switchable to a forced inactive mode wherein the control circuit applies a potential
difference between the intermediate electrode and at least one of the driving electrode
and the counterelectrode so as to transport the drug ions away from the tissue of the

wearcr.

31.  Aniontophoretic device according to claim 12, wherein the
intermediate electrode is also a barrier layer configured to reduce passive transport of
the charged drug ions from the first portion of the drug reservoir to the second portion

of the drug reservoir.
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wearer. 31. An iontophoretic device according to claim 12, wherein the
internmediate electrode is also a barrier layer configured to reduce passive
t ranspor twof2otohieRar ged drug ions fromthe first porti eoTafs2e¢iee3dsrg
reservoir to the second portion of the drug reservoir.32. An iontophoretic
devi ce according to claim 31, wherein the internedi ate el ectrode has a

hydr ophobi ¢ characteristic. 33. An iontophoretic device according to claim
31, wherein the internediate electrode is a nmenbrane. 34. An iontophoretic
devi ce according to claim12, wherein the counterelectrode is an open nesh
t hat does not s%@staﬁ@ﬂ@ﬁm¥mﬁﬁ@é¢ﬂ@W@Cmﬁmﬁ“I@Qﬁb%bﬂ%m@mib%e drug ions. 35.

A net hod f ¥ i b Cpv: i : delivering a drug into the
OicHRldiflc AlkifAl ggﬁg@m@%&&% g g

ti ssue of a wearer, e npri sing: a base, (ii) a driving
el ectrode positioned above the drug reservoir, (iii) a counterelectrode

positioned bel owst heAgfi&Hoﬂh%Fe‘ﬁE‘dQ\liEe &E’&Bi%tgttfclaiﬂ%1%@%&%@' ectrode, (iv) a
control circuit ‘including a power source, “the control circuit being coupled
to the dri vinegnaliacticonde ardn¢timamount er el ectrode, the nmet hod conpri sing
operating the device in a driving node by performng the acts conpri sing:
applying, with the control circuit, a potential to the driving el ectrode of
t he sane pol ari t3¢. as Anhientgharcgje deficd deeording t@daindr2yghewinghe and appl yi ng,

with the control cjrcuit, a potentjal of opposite polari. to th

Count er ol et G ihoRngRshlrb B g RORh S BRI « ne
tissue of tiedwgaser. 36. A method according to claim 35, further
conprising operating the device in a forced inactive node by performng the
acts conprising: applying, with the control circuit, a potential to the

count er el ectrodgsof th@etbi®r PR ibitoptfordtid@lcFibafod Belfbriidedbaitged drug
i ons, and aBpLylng with the control circuit, a _potential of opposite

" ( 1. P
polarity td %H%s_u%lpf 3 \VergeTethe devigscromplipiag <D betfe (B RGEVIngsisctieds t r ansport ed
away from thgiibh&ibevOhe HRE r@AGE! (iii) a counterelectrode positioned below the drug

reservoir opposite the driving electrode, (iv) a control circuit including a power
source, the control circuit being coupled to the driving electrode and the
counterelectrode, the method comprising operating the device in a driving mode by
performing the acts comprising:

applying, with the control circuit, a potential to the driving electrode of the
same polarity as the charge of the charged drug ions; and

applying, with the control circuit, a potential of opposite polarity to the
counterelectrode;

wherein the charged drug ions are driven towards the tissue of the wearer.

36. A method according to claim 35, further comprising operating the
device in a forced inactive mode by performing the acts comprising:

applying, with the control circuit, a potential to the counterelectrode of the
same polarity as the charge of the charged drug ions, and

applying, with the control circuit, a potential of opposite polarity to the driving
electrode,

wherein the drug ions are transported away from the tissue of the wearer.

37. A method according to claim 36, wherein said forced inactive mode
said potentials are applied to the driving electrode and the counterelectrode at

predetermined intervals.
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37. A nethod according to claim36, wherein said forced inactive node said
potentials are applied to the driving electrode and the counterel ectrode at
pr edet er voedio/nvesval s. 38. A nmet hod accordi ng to cl ai mp8%/USadienaiin2 t he
device further conprises an internedi ate el ectrode positioned between the
driving electrode and the counterelectrode within the drug reservoir, a
first portion of the drug reservoir being |ocated between the driving

el ectrode and the internedi ate el ectrode and a second portion of the drug
reservoir being |ocated between the internediate el ectrode and the

count er el ect r od&8- t hé meghed ascording ¢uelaing}s yhpisinfhe dayifsifegher eorapyises

| nter medi at & gl fRLEAUG e IEPRIRRPRI AL Il K E8, 4y e driving node
further conpri ses: appfyyng, wth the control Tircuit, a potential to the

i nt er nedi at @uetcsbrirodavien thedmarbsrpot efitst pdrgompihd &dg taservhiedbeng vi ng

el ectrode and (NRGAHNELRIRULONR S RAonkAndlidV G ST dechdr ug i ons
fromthe first portion of the arug reservolr 1nto the second portion of the
dr ug r eser v@irtionarfdhadhig esdriar loduag lgeae dretvgeen dirsinfernpathidthedctedond thor t | on  of
the drug reservoir. t rds the tissue of th rer. 39. A.nmethod according
to ol ai m g SRR BB St AT Rk s e B hrsrias HE UG, Racti ve
node by perwreih ogeriting thedeyioe anbe idaving modp pirieng®mpwkdsh t he control circuit,
a potential to the counterel ectrode.of the sane polarjity as the charge of
the char ged dr ug P Bie, VAbHF 5ot b porenb QP es 580 enti al of
opposi t e pabedwdchYhd fdtdnkigls dppli¢ct Rotheiedihg dldarodant dppduntdd@ectiotié v 4she cont r ol
circuit, a potentia# t%B{he.in ernedj ate el ectrode between the potentials
appl i ed to PHEVAIEGIHEC AT RS HRM AR OB (e ey et BN Aher ei n t he

charged dr ug@cérperth®f tHeAREPedRik AvaYivE hethdri&l drﬁ%ﬁ)ﬁﬁfréﬁl tiidhecomgar er and
fromthe second portion of the drug reservoir to the first portion of the

drug reser visrion ofghe dape fesgivIptedipedk the tipuspt s WspEty devi ce for delivering a
drug into the tissue of a wearer, the device conprising: a base; a drug

reservoir conprising a suefly of charged drug ions; a driving el ectrode;
39. A method according to claim 38, further comprising operating the

device in a forced inactive mode by performing the acts comprising:

applying, with the control circuit, a potential to the counterelectrode of the
same polarity as the charge of the charged drug ions,

applying, with the control circuit, a potential of opposite polarity to the driving
electrode, and

applying, with the control circuit, a potential to the intermediate electrode
between the potentials applied to the driving electrode and the counterelectrode,

wherein the charged drug ions are transported away from the tissue of the
wearer and from the second portion of the drug reservoir to the first portion of the

drug reservoir.

40.  Aniontophoretic drug delivery device for delivering a drug into the
tissue of a wearer, the device comprising:

a base;

a drug reservoir comprising a supply of charged drug ions;

a driving electrode;

a counterelectrode; and

a control circuit including a power source, the control circuit being coupled to

the driving electrode and the counterelectrode, and being operable to apply a potential
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a counterel ectrode; and a control circuit including a power source, the
control circuit being coupled to the driving el ectrode and the

count er elwotznodie992and bei ng operable to apply a pot enti acofustée/o3ane
polarity as the charge of the charged drug ions to the driving el ectrode
and a potential of opposite polarity to the counterel ectrode; the driving
el ectrode and the counterel ectrode being (a) coupled with a resistance

t her ebet weegr (UG e tBREiyCH &ﬁ&margb of fB_RIred &Qg fohoyy thedvageitgqdr i vi ng

el ectrode and the counterel ectrode only within the device, and (b)

posi ti oned #dprrporcaiy e pprositaeglatity fofhe e@seralsitedguch that application of the
respective pote ntrol circuit
drives the char gfééd&iﬁnfgﬂ%%ﬁ&s@adgag% %%ngﬁlleew{r?%sﬂugggg? )(chou@%mg]gggr 41. An

i ont ophor etiegstelmeitiecbatieon slichdhat ouredngis pnaded toaiflewdictveechthedlrivingng el ect r ode
IS position e eis

posi tioned Qin%&py%etﬂgcreoﬁlq{e}fégesc{errg(?}eoclyn\r{)p%%%gEll% &GO%%gggw)??ﬁé&%ng@ rode. 42. An
i ont ophor etuespedtevs@édalg(:@sledflougucthdhnlaapl'rmﬂ@x ofmlrﬁeﬁmem\tehmteowmhenewl ectrode is
al so a bar rlngh Clna er & enf| {11 ed 19 ﬁ%%nt' % ﬁ}/uentnsqasa%g/% transport of
the charged &G BAROFRER roug% UASTVRN |onf B AGIEAIOUEY U8 accor di ng
to cl ai m 42sswdetied weasal d counterel ectrode is a nesh. 44. An iontophoretic
devi ce according to claim40, wherein said control circuit is switchable to
a forced inactive node wherein the control circuit applies a potential to

t he counterel ect4nodeA(ﬁf1oﬁtd$;ﬂloﬁeﬁErﬁe\ncH Acdriig asclhined(; haegn b diig charged drug
ions and a potentjal .of 03|te pol arlt%/ to the drivi n&fe‘ el ectrode, thus
transporti nfgecﬁfﬁ%eﬁ@aﬁ“‘?% 3 %z/élgﬁ FrrBPEHr #19dRTeP IR (EORAPEYIONES  An

i ont ophor et hefovi@eida r@@mqrdjpﬁgmtgqlecdrm@eﬁ@mwer ein said control circuit is
configured such that in said forced inactive node the respective potentials
are applied to the driving el ectrode and counterel ectrode at predeterm ned
intervals. 46. Ap | OEA&Q&HQ{{h%Fétﬁ d68M £80ramE @ Ahiitud AnsleRiR 42, wherein said
control circuit is switchable to a forced inactive node whereln t he control
circuit apptousisreleciiodedhplpai bargerlpyer egnfigted &0 essentigliiepigtent pissisane pol arity as
the charge @f I;J;pofq%@ghg&ﬁ&ia&g bRnSrafduéy potential of opposite polarity to
the driving e ectr us fransporting the drug ions away fromthe tissue
of the wearer.

43.  Aniontophoretic device according to claim 42, wherein said

counterelectrode is a mesh.

44.  Aniontophoretic device according to claim 40, wherein said control
circuit is switchable to a forced inactive mode wherein the control circuit applies a
potential to the counterelectrode of the same polarity as the charge of the charged
drug ions and a potential of opposite polarity to the driving electrode, thus

transporting the drug ions away from the tissue of the wearer.

45.  An iontophoretic device according to claim 44, wherein said control
circuit is configured such that in said forced inactive mode the respective potentials

are applied to the driving electrode and counterelectrode at predetermined intervals.
46.  An iontophoretic device according to claim 42, wherein said control

circuit is switchable to a forced inactive mode wherein the control circuit applies a

potential to the counterelectrode of the same polarity as the charge of the charged
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47. An iontophoretic device according to claim46, wherein said control
circuit is configured such that in said forced inactive node the respective
pot enti alwoan®/2pg8i ed to the driving el ectrode and coumrCersb@ownsade at
predeterm ned intervals. 48. An iontophoretic device according to claim 40,
wherein said reservoir includes a gel conprising the charged drug ions. 49.
An iontophoretic device according to claim40, wherein said control circuit
includes a g,ERAPLRCES RGN ial FopFRAL pAhdidy AGtht RRVIAPRILEAL] @ik of potentials to
t he el ectrodes. 50. An |QntopRoret|c devi ce according to claim40, wherein
sai d char geltrngpqitng B drugis gepe fpadhd tisowa afitlee Wyeastip consi sting of : el enent al
i ons, nolecular ions, and conpl exed ions. 51. An iontophoretic device
according to claim40, further conprising: an intermnedi ate el ectrode

posi tioned bet weén t Ae iehtophioretic dbacst acoetding paiclpihedc vbeicarseldeontraddde wi t hi n
the drug re i i J - . i I | ocat ed

bet ween thé§§p¥%f%ﬁﬁgré%%é%ggpgﬁgﬁ?ﬁg&%%?%?%%Q?%?§§§P§%%§ @%h%%d a second
portion of drheppdicdity thedevingélectivde myl doootatekdtrbietanpedettimenddnttervalsdi at e

el ectrode and the counterel ectrode, the control circuit being coupled to
the internediate el ectrode and operable in the driving node to apply a
potential to thei nt anredopbetiekledtd @dedingtmeeim 4hehpeineaidiredes/oappl 1 ed to

t he driving.éhgctro e and.tqf gouq%grelectrode so as to drive the charged
drug ions fPoHTRET TSP EST “PREYNr ug reservoir into the second
portion of the drug reservoir and drive the charged drug ions in the second
portion of the drug reservqgir towards the tissue of the wearer. 52. An

i ont ophoretic déVi ce AdRBPRICHYC 16769 AFHBE © Glhigr ) WhSEIng2 st Yl circuit is
swi t chabl e diRuR idcRid6LImichaRédeBr fwd&ltl"@ﬁﬁﬂg%dhp;oh@tiﬁﬁ)Bfﬁdﬂéntiﬁlis ket at | east
applies a potential to the counterel ectrode of the sanme polarity as the
char ge of tﬂ%@ﬁ@ﬁged drug ions and a potential of opposite polarity to the
driving el ectrode, thus transporting the drug ions away fromthe tissue of
the wearer. 53. An iontophoretic device according to claimb52, wherein the
control circuit Ms cénfipmenherstis devica asaerding taglpign 4o vbeginispdehiged node t he

control cirgui I iL.al g i de between
the potenti ‘ng’% kg%%i’eiséélgc?%cgfr@ﬁré}%@&?@i cro]gé?stﬁlﬁ%f. R RL AR QLB [he

and complexed ions.

51.  Aniontophoretic device according to claim 40, further comprising:

an intermediate electrode positioned between the driving electrode and the
counterelectrode within the drug reservoir, a first portion of the drug reservoir being
located between the driving electrode and the intermediate electrode and a second
portion of the drug reservoir being located between the intermediate electrode and the
counterelectrode,

the control circuit being coupled to the intermediate electrode and operable in
the driving mode to apply a potential to the intermediate electrode between the
potentials applied to the driving electrode and the counterelectrode so as to drive the
charged drug ions from the first portion of the drug reservoir into the second portion
of the drug reservoir and drive the charged drug ions in the second portion of the drug

reservoir towards the tissue of the wearer.

52.  Aniontophoretic device according to claim 51, wherein said control
circuit is switchable to a forced inactive mode wherein the control circuit at least

applies a potential to the counterelectrode of the same polarity as the charge of the
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el ectrode and the counterelectrode so as to transport the drug ions away
fromthe tissue of the wearer and fromthe second portion of the drug
reservoi rwoaotonesf2sr st portion of the drug reservoir. 52CTAS2010084phoretic
device according to claimb51, wherein the control circuit is switchable to
a forced inactive node wherein the control circuit at |east applies a
potential to the counterel ectrode of the sane polarity as the charge of the
charged dr u@ai @ aru@RchsanPRb&BaRbr PpoGRPBRkiEE. R BfidokldcRodd i Nt er medi at e
el ectrode, thus transporting the drug ions fromthe tissue of the wearer.
55. An i ontshenreng the dagieis agex Gpdithegtisser ofithd WeasX, wherein the control
circuit is switchable to a forced inactive node wherein the control circuit
at |east applies a potential to the internedi ate el ectrode of the sane

pol arity as the 3har ge igftophieectic Hevigpeagcaiding td daigh Fnovhereppcheemiral of opposite
pol arity ol i Ahhihiith SLEELT BYG dDUFnAIOTRAL bk e dugo@ns 10 the
first portion of the rug reservolr away fromthe second por Pon “of the

dr ug r eser vmitentiglrtd thehetemasisatrecl afrotdlectwezartee pot&ials Appliedd thpldoviegi ¢ devi ce
according t | ai m wher ei spaci ng be n the counterel ectrode and
The i nt er nerdel: B1edn relE R B MG E N S RBLROHE Tt o mea at o
el ectrode atisdud dfehedweavirngd bmahe @dend portion/Ai tHealndgopdrovaet to chedidyti ce accor di ng
to claimb52, wherein a spaci.ng between the counterel ectrode and the

i nt er medi at BT eoq{%gfegerV%*Es than a spacing between the internediate

el ectrode and the driving el ectrode. 58. An iontophoretic device according
to claimb53, wherein a.spacing between the counterel ectrode and the

| ntermediate el 6dt rodd ivtonherdc dhist WCUAR{hGHBeY MBI HES 98 nedi at e

el ectrode affui Rewachabld g aGbe&d ih@die B de Mlerb@EORARE it Sia¥isce accor di ng
to claimb54, wherein a spaci bet ween the counterel ectrode and the

a spacin .
i nt er medi at @PEFsEGOtHGR! tp ghewegrgerehgﬁpda o hasrmgyPYuttiatthe chases oftths medi at e

el ectrode afgdrdodBrudlibréiaN@a Bbiital 8HPo&R poftyl B MARBRR&IColdice according
to cl ai m 55, erein a spacing between the counterel ectrode and the

i nt er medi at@usrasparditethe drugdens fioppthe Bssgpealcthayesiet ween the internedi ate

el ectrode and the driving electrode. 61. An iontophoretic device according
to claimb52, wherein said control circuit is configured such that in said
f orced inacti ve Sode Anhentoroptic lpwee gorrdmeitadlaim 51, wherein the control

circuit is switchable to a forced inactive mode wherein the control circuit at least
applies a potential to the intermediate electrode of the same polarity as the charge of
the charged drug ions and a potential of opposite polarity to the driving electrode, thus
transporting the drug ions in the first portion of the drug reservoir away from the

second portion of the drug reservoir and the tissue of the wearer.

56.  Aniontophoretic device according to claim 51, wherein a spacing
between the counterelectrode and the intermediate electrode is less than a spacing

between the intermediate electrode and the driving electrode.

57.  Aniontophoretic device according to claim 52, wherein a spacing
between the counterelectrode and the intermediate electrode is less than a spacing

between the intermediate electrode and the driving electrode.

58.  Aniontophoretic device according to claim 53, wherein a spacing
between the counterelectrode and the intermediate electrode is less than a spacing

between the intermediate electrode and the driving electrode.
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are applied to the driving el ectrode and the counterel ectrode of
predeterm ned intervals. 62. An iontophoretic device according to claim53,
wherei n swodomonda2el circuit is configured such that inPsaiu$26i0/084ad2

i nactive node the respective potentials are applied to the driving

el ectrode, the internediate el ectrode and the counterel ectrode at
predeterm ned intervals. 63. An iontophoretic device according to claim54,
wherein said control circuit is configured such that in said forced
inactive node the respective potentials are applied to the counterel ectrode
and the internedPat e AdligEenhotic devigsasaardiag iy ¢laimn Jn el aspa@ag  An

i ont ophor ety i i ] Al | | rol circuit is
configured]%ﬁZ%ﬁ¥%§%uﬁﬁ&§%€%ﬂ%%?ggghgﬁg%??vg&%ggiﬁ?ﬁiﬂ%ggg@%%gve potentials
are appl i edbetvoeenies idieinyddige dbasotle adiethadavinheledtrotder nedi at e el ect rode at
predeterm ned intervals. 65. An iontophoretic device according to claim51,
wherein said reservoir includes a gel conprising the charged drug ions. 66.
An i ont ophor et i ®0deviAneomgmhoratic dgvitamcchrdingitddaimafte wbeminsaipacicont rol circui t
| nol udes a (i 6LOREOGSSRALOL SONLNALLING, Lhe aRpLigatlon ok potential s to
the el ect r ode 7, ORISR SIHET Ei E Ha e SER0F Bi Ry "F * %51 51, wherein
sai d char gesttwlferi ghd ioreEmaliae dedtedt edl the divihdidegrodelp consi sting of: el enenta
ions, nolecular ions, and conpl exed ions. 68. An iontophoretic device
according to claim40, further conprising: an intermnmedi ate el ectrode
positioned betwegn thea ichtophorgic abaed dcosteingfslclhifes X otsicrrseldechtiqade wi t hi n
the drug reservoir, _a fjrst pQrtng of the drug reservaoir bein% | ocat ed

bet ween t he“iHH Hi B IBIret T Fy et B e d forecd P rBgiathe reperds BUE#hd a second
portion of #rbeficdth the&eriNoObibctRad idl thoEahR&IRELUCE iR rmber medi at e

el ectrode and the counterelectrode, the control circuit being coupled to
the i nter nedicBRE- el ect rode and being switchable to a forced inactive node
wherein the control circuit applies a potential difference between the

internmedi ate el ectrode and at | east one of the driving el ectrode
62.  Aniontophoretic device according to claim 53, wherein said control

circuit is configured such that in said forced inactive mode the respective potentials
are applied to the driving electrode, the intermediate electrode and the

counterelectrode at predetermined intervals.

63.  Aniontophoretic device according to claim 54, wherein said control
circuit is configured such that in said forced inactive mode the respective potentials
are applied to the counterelectrode and the intermediate electrode at predetermined

intervals.

64.  Aniontophoretic device according to claim 55, wherein said control
circuit is configured such that in said forced inactive mode the respective potentials
are applied to the driving electrode and the intermediate electrode at predetermined

intervals.

65.  Aniontophoretic device according to claim 51, wherein said reservoir

includes a gel comprising the charged drug ions.
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and the counterelectrode so as to transport the drug ions away fromthe
tissue of the wearer. 69. An iontophoretic device according to claimb51,
wher ei n twe 20rwree9redi ate el ectrode is also a barrier |apem/usenbiogused to
reduce passive transport of the charged drug ions fromthe first portion of
the drug reservoir to the second portion of the drug reservoir. 70. An

| ont ophoretic device according to claim69, wherein the internedi ate

el ectrode has afﬁydrQBh&Qh%o&Q@H@H&ﬁkbéhhgﬂ)&%nuﬁnwmgeh%QBQBQ%ﬂc devi ce
according to claim69, wherein the internedi ate el ectrode is a nenbrane.

72. An i ont®ishiinstudes Heierersocssenfod Pergroll mgdhepplicion afratesitials thie
countereleq?éggg J s an open nesh that does not substantially interfere with
transport of the drug ions.

67.  Aniontophoretic device according to claim 51, wherein said charged
drug ions are selected from the group consisting of: elemental ions, molecular ions,

and complexed ions.

68.  Aniontophoretic device according to claim 40, further comprising:

an intermediate electrode positioned between the driving electrode and the
counterelectrode within the drug reservoir, a first portion of the drug reservoir being
located between the driving electrode and the intermediate electrode and a second
portion of the drug reservoir being located between the intermediate electrode and the
counterelectrode,

the control circuit being coupled to the intermediate electrode and being
switchable to a forced inactive mode wherein the control circuit applies a potential
difference between the intermediate electrode and at least one of the driving electrode
and the counterelectrode so as to transport the drug ions away from the tissue of the

wearcr.

69.  Aniontophoretic device according to claim 51, wherein the
intermediate electrode is also a barrier layer configured to reduce passive transport of
the charged drug ions from the first portion of the drug reservoir to the second portion

of the drug reservoir.

70.  Aniontophoretic device according to claim 69, wherein the

intermediate electrode has a hydrophobic characteristic.

71.  Aniontophoretic device according to claim 69, wherein the

intermediate electrode is a membrane.

72.  Aniontophoretic device according to claim 51, wherein the
counterelectrode is an open mesh that does not substantially interfere with transport of

the drug ions.
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