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D_SPLAY FOR. AN ELECTROTRANSPORT DE
TECHNI CAL FI ELD 4 The present invention relates to delivery of drug
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systerriq ot malal ON of, a human body by 1§ pastkeetrotransport delivery
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m gration (al so called iontophorediijs), involves the electrically 20

i nduced d1 Appuant Wil coRPORAEEN UBMS) 95&@535 bgr) A ype of electrotransport, 21
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deliverje u n glectric field. Still another type
of el eclt vmm mﬁﬁfw Aﬁé&mﬁﬁ% e};’i dr at | on, involves .the formation of
transi ent |y - B, Sinbrﬁl}; mcmaasms“{a 2y5| oI ogi cal menbr ane by the application

can ml%evs delivered through the pores

of anes;‘gkrlc g 2

ei t her |c§a Mﬂ| oesoi 10850, Wkl £6Gibi.geeel | assi stance) or 26 actively
(i.e., junderwshe | an uence of an electric jpotential). However, in any given
27 eldctrotransport process, nore than orje of these processes nmay be 28

si mul t gneously occurring. Accordingly, thg term"electrotransport”, as used

el ectr

{54) Title: DISPLAY FOR AN ELECTROTRANSPORT DELIVERY DEVICE /

(57) Abstract

An electrotransport delivery device (10) with a display (14)
having only on and off states, and a method of operating the display
(14), are provided. Preferably, the display (14) is a light {(¢.g., a light
emitting diode) with lit and unlit states or an audible alarm (e.g., 2
beeper) with sounding and silent states. The device (10) counts and
stores the number of cvents (e.g., patient initiated drug delivery or
sensed patient condition) which occur over a predetermined period
of time (e.g., the period of time over which the device is worn by
the patient). The event count is displayed by cycling the display (14)
between on and off states according to a predetermined regimen which
correlates the number of on/off cycles to the number of events, The
device and method permit the use of a simple and inexpensive means
(e.g.. an LED) to display (e.g.. 10 a medical technician) the number
of e.g., patient initiated doses delivered over a previous period of
therapy.
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29 herein, should be given its broadest possible interpretation so that it
~includes the 30 electrically induced—er—enrhanreed.transport of at |east one
agent, which may be 31 charged, uncharged, or a m xture of charged and

unchar ged spe‘?h gardl ess WO 96/ 30078 O
PCT/ US96/ 0348 of the specific mechani smor nechani sns gg/.'l‘ I ch the
agent actually is 2 transported. 3 El eg¢trotransport devices use at

| east two el ectrodes that are in electrical 4 contact with sonme portion of
the skin, nails, nucous nenbranes, organ surfaces, 5 or other surface of

the body. One el ectrode, CDISPUAYFOR ANELECTROTRANSPORTDERVERYDEVICE

el ectrode, is the electrode fromwhich the agent is delivered into the 7
body. The other é ectrode, typically terned the "counter"” or "return"

el ectrode, 8 serves to close the electri c:ng C?gl |t ngough t he body. For
exanple, if the agent 9 to be delivered i ‘%‘ | v'g charged, i.e., a

cation, then the @node isTdeemimnﬁunrﬂhteshrwiver* @&p agefitithoubh an intact
cat hode serves to co.;gyé’ete the circujit. Alternativ it 11 an agent is

ofd
e i
negativel y chargéd, surfgge, Syel @s skin.by-gleciratransror. ﬁ@%@%'yuéﬁ%. 12

Addi tional l'y, botd thgsarmt@inicitretied'@kh dBitrdta W@ﬁg&%pgﬁgmgﬁodes

~1f 13 both anionic and cationic agent 1ons, ornl
agents, are to beg l4nexpensivedisplayfer displaying themumbenof events which haveosgumed

delivery systens generally reguire ﬁt east 16 one reservoir which
contains a liqui o SO?VSFFMWB Qf Y-t he agent to be 17 delivered
to the body. Exargpl es of such donor reservoirs include a pouch or 18

cavity, a porous sponge or pad, and a hydrophilic polyner or a gel nmatrix.
Such 19 donor r®servoirs are electrical I%&Kﬁﬁ&ﬂ'@a%{ and positioned

bl Souon’Se R i b O ot RS sl
“devi ces al so have ardirectstito idefifery of drug or agent through intact skin or organ surfaces by

13 electrotransport. The term “electrotransport” as used herein refers generally to
14 the delivery of a beneficial agent (e.g., a drug) through a biological membrane,

s -such as skin, mucous membranes, or nails. The delivery is induced or aided by
16 application of an electrical potential. For example, a beneficial therapeutic agent
17 may be introduced into the systemic circulation of a human body by

18 electrotransport delivery through the skin. A widely used electrotransport

19 process, electromigration (also called iontophoresis), involves the electrically

20 induced transport of charged ions. Another type of electrotransport,

21 electroosmosis, involves the flow of a liquid containing the agent to be delivered,
22 under the influence of an electric field. Still another type of electrotransport

23  process, electroporation, involves the formation of transiently-existing pores in a
2¢  biological membrane by the application of an electric field. An agent can be

25 delivered through the pores either passively (i.e., without electrical assistance) or
26 actively (i.e., under the influence of an electric potential). However, in any given
2r  electrotransport process, more than one of these processes may be

26 simultaneously occurring. Accordingly, the term “electrotransport”, as used

20 herein, should be given its broadest possible interpretation so that it includes the
3o electrically induced or enhanced transport of at least one agent, which may be

31 charged, uncharged, or a mixture of charged and uncharged species, regardiess



22 power source such as one or nore batteries. Typically, one pole of the
power 23 source is_electrically connected to the-donor el ectrede, while
the opposite pole is 24 electrically connected to the counter el ectrode.

In addition, sonme 25 electrotransport devices have an el ec 4ﬁﬂﬂ9
control | er (AP rols the current 25 applied through the-alectsodes,
thereby regulating the rate of agent deliveryy 27 Furthernore, passive
flux control nmenbranes, adhesives for maintaining device 28 contact with a
body surface, insulating nenbers, and inperneabl e backing 29 nenbers are

some ot her potgntig hé%i&ﬂi&%&cﬁa%m%?nf&cﬁﬁﬁn&ﬁb:b?mﬁe@?%%uaﬁ

is
Al el ectrotransport agent delivery devices utilize an electri ca? circuit
to 31 electriceal [tsansportastt t he power source (e.g., a battery) and the

el ectrodes. In JVery
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Logan, UT) have generally utilized esk-top electrical power sup ¥
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contains a dryg s r
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14 are connected Addlﬁdmllnlmm If'ecaubd@ amé cathoge may bei considerledrdpnbeelgctrodesdf

meters) 13 both anionic and cationic agent ions, or if uncharged:dissolved agents, are to be
14 delivered.
15 Furthermore, electrotransport delivery systems generally require at least

16 one reservoir which contains a liquid solution or suspension of the agent to be

17 delivered to the body. Examples of such donor reservoirs include a pouch or

18 cavity, a porous sponge or pad, and a hydrophilic polymer or a gel matrix. Such
19 donor reservoirs are electrically connected to, and positioned between, the

20  anode or cathode and the body surface, to provide a fixed or renewable source
22 of one or more agents or drugs. Electrotransport devices also have an eiectrical
22  power source such as one or more batteries. Typically, one pole of the power

23 source is electrically connected to the donor electrode, while the opposite pole is
2¢  electrically connected to the counter electrode. in addition, some

25 - electrotransport devices. have an electrical controller that controls the current

26 applied through the electrodes, thereby reguiating the rate of agent delivery.

27 Furthermore, passive flux control membranes, adhesives for maintaining device
28  contact with a body surface, insulating members, and impermeabie backing

26  members are some other potential components of an electrotransport device.

30 All electrotransport agent delivery devices utilize an electrical circuit to

31 electrically connect the power source (e.g., a battery) and the electrodes. In very



15 electrically conductive wires or cables. Exanples of desk-top
el ectrical power 16 supply units.which use-—sateli-te" electrode
assenblies are disclosed in Jacobsen 17 et al. U S. Patent 4,141, 359 (see

Figures 3 and 4 LaPrade U.S. Patent 18 5,006,108 (see Fi 3348510
Maurer et alW qg‘@”’?’atent 5,254,081 (see Figures 1 19 and g). 20
More recently, small, self-contained el ectrotgansport delivery devices, 21

adapted to be worn on the skin for extended periods of tine, have been 22
proposed. The el ectrical conponents of such mniaturized el ectrotransport

drug 23 delive @9%* in
thegf orm of 24 e %ﬁé‘éﬁ%t%@?cﬁéﬁﬁ 'Wﬁ?mﬁé %!ch I ps?% %115?0
printed circuits. ﬁbécmmsanﬁﬁlyanalummﬂymndmewemedmmectmlwews
pul se generators, i tors, are 26 £ connect t rm
an electronic & rctﬁ’l M r@#‘?ﬂd?"{%ﬁuﬁﬁﬁl WE@é’fe%#"% ”thpﬁ?ﬂﬁ&
wavef or m shape { an&e@rﬁﬁnm&apaaﬁtquh GlaveiebsiRpel &8, 6rdtd aauna%unampl i ed

by the power source. Such shall self- cont ai ned el ectrotransport

delivery devices asupplied by thapwer seursra Sepclor examelp,MeNichals etak Hrﬁ Patent
. 5,224,927; 30 Z%taaéggfgé U S. Patent 5,203,768; Sibalis et al. U S

Patent 5,224,9 Haynes et al. U S. Patent 5, 246, 418. WO

aﬁ/ 3g07f3| 4 7 To date chiréigial Parstiérrhal electrotranspont uh‘alg deliveyy dawpessl ;

ich allow a patient et er m ne when, | e

~ adninister a drug &@: ‘saﬁ@%?r%ﬁ?ﬂ sgidhy °@E§hnﬁe{’}%§-a&?§ tééDb‘RP icularly
in treating paiy Ugy ﬂ)g ls%éy%te?ﬁsol@%?@ﬁﬁ | &of'StEPaul %NﬂﬁeWeWSvﬁeét that

reduce or elimnate fescribed to rel'i eve pai n, such as
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achi eving the g¢esiTislddndrietisttrode contains a drug solution while the counter electrode

13  contains a solution of a bio-compatible electrolyte salt. The "satellite” electrodes

14 are connected to the electrical power supbly unit by long (e.g., 1-2 meters)

15 electrically conductive wires or cables. Examples of desk-top electrical power

16 supply units which use "satellite” electrode assemblies are disclosed in Jacobsen

17 etal. U.S. Patent 4,141,359 (see Figures 3 and 4); LaPrade U.S. Patent

18 5,006,108 (see Figure 9); and Maurer et al. U.S. Patent 5,254,081 (see Figures 1

19 and?2).

20 More recently, small, self-contained electrotransport delivery devices,

21 adapted to be wom on the skin for extended periods of time, have been
proposed. The electrical components of such miniaturized electrotransport drug
23 delivery devices are also preferably miniaturized, and may be in the form of
24  either integrated circuits (i.e., microchips) or small printed circuits. Electronic
25  components, such as batteries, resistors, pulse generators, capacitors, etc., are
26 electrically connected to form an electronic circuit that controls the amplitude,

27 polarity, timing, waveform shape (and other parameters) of the electric current
28 supplied by the power source. Such small seif-contained electrotransport
delivery devices are disclosed, for example, in Tapper U.S. Patent 5,224,927,
30 Haak et al. U.S. Patent 5,203,768; Sibalis et al. U.S. Patent 5,224,928; and

31 Haynes etal. U.S. Patent 5,246,418.
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8 elimnation of pain wthout the over (or under) utilization of the
analgesic. This 9 difficulty in properly adm-histering anal gesics
originates froma variety of factors. 10 The patient's age, hepatic
function, renal function, and the interaction between 11 thecefshénsagrr ed
anal gesi c anE"HFﬁgP3nedication(s) bei ng taken by the patient 12 can al

af fect the pharmacoki neti cs of anal gesics and4t hereby affect the patients
13 need for such anal gesic. Because of the patient-to-patient variability
in the 14 therapeutically effective dose, certain patients continue to

suffer even after 15 CWB%iinuT?mMEﬁ%mMandhw
a

adm nistered. Further, thére is" a 16 tendency for doctors and nurses to
under - pr escr i bez arflequentiyde selfadministara drug aknawn andisedy Suchdeviges arejysed

that a patient may_b . ' : a [ fer
serious side-ef?} ec?irﬁ%@% 'ﬁ%ﬁ%@%ﬁ@‘aﬁg%g@b}%@%ﬁ%&?& Sfl%gsoﬁ' YéJg;SHtfs
over-dosi ng. 20, that redids 6r élintinate pain, anscftehgpresdribed ta relieverpainasuchaspagt-ven
to devices and 421 systens whic er‘?ﬁi, W t.hj edeterm ned |im t% thg“
patient to cont?oloﬂﬂ@'mhﬁgﬂg@?pﬁﬁésaegﬁ { °B§P'i"é¥ﬁesr BN s FSPRAEEY
experi ence has ge H‘Eﬁ m | ndoliAterédindrigidestd on
of anal gesic ha‘gsJ p\grsﬂﬁ t aﬁﬁs?ﬁe 24 Zg%m'gﬁ%??g%{g?eﬁss.anal. esic gto t he
patient than woul dadrainistratiom Tre difficulty kashesn 'm@mewn@thﬁﬁ%eg@dml&a&pnmd by

the physician. Self:adninistrati ] . . Thi

Selt oo n ot 7 ot oanatEtLa pal] Wit f e el & yilhn BGh b angioesic, This

referred to hergi ndiﬁfé&lt)r)ﬁtﬁr@;bérlymmiedehﬂgl analgbsiessorigiriaié¥rom20variety of fadtorswn
y

capaci 1y el eot 1t cahe BRIANtS ags.epateRgetorh eral RREISHk 260 Heraion e st
| arge 30 capac i,f]y m{@egﬁmﬁasﬂhﬁ Gh&hkdicatiores) beingitaiken tyths patient

conpl exity, suc ) .
PCT/ US96/ 0348715 1carvathaffect thel phasmacakinisties efanalgesicg end thareby affeq thepatiept's

patient to be S nf_'i‘gee fotr Sudh analgesic. Because of the patient-to-patient variability. in the
14 therapeutically effective dose, certain patients continue to suffer even after
1s  conventional dosages of analgesics have been administered. Further, thereis a
16 tendency for doctors and nurses to under-prescribe and to under-administer
17 narcotic analgesics for fear that a patient may become addicted to them or that a
18 patient may suffer serious side-effects (e.g., respiratory depression) as a result of
19  over-dosing.
2 More recently, considerable attention has been given to devices and
21 systems which permit, within predetermined limits, the patient to control the
2 amount of analgesic the patient receives. The experience has generally been
2 that patient control of the administration of analgesic has resulted in the
2¢  administration of less analgesic to the patient than would have been
25 -administered were the dosage prescribed by the physician. . Self-administration
26 or patient controlled self-administration of analgesic drugs has become known
2z (and will be referred to herein) as patient-controlled analgesia (PCA).
28 Known PCA devices are typically electromechanical pumps which require
20 large capacity electrical power sources, e.g., alternating current or multiple large
1 capacity battery packs which are bulky. Due to their bulk and complexity, such



2 bed, or some other essentially fixed |ocation. 3 PCA devi ces
dellver drug to the patient by neans—of—ahR—irittaverousty or 4

subcut aneously positioned |ine or a catheter. Such structures nust be
inserted s into the intended vessel or tissue by a qualifi

technici an. WR%B®B ochpi gque requires that the skin barrier be breached
which creates a risk of 7 infection. (See, Zgeb U S. Patent 5,232, 448).
Thus, as practiced using a conmercially avail able PCA devi ces, PCA
requires the presence of skiIIed 9 nedical technicians to initiate and

supervi se the gper hi?éllaB%é%ﬁié’s néally 8gﬁéﬂ‘{é|§Q|ek1§ﬁ:I§§étﬁﬂﬁéﬁloéISk

of infection. urt I’CI al avail abl e P 11 devices thensel ves
are sonewhat pa nfhﬁd Obsmolbipr%ma"ytﬂxeﬂﬂmaﬁo@ercut aneous 12 (i.

nar Gt 1o anal gdei o dr adiCA SpuReEiber g o the patioff BT e "?"?5%'92
and el ectrical |- asptatancoushy pos&im&ﬁmuﬂamaﬁmem&udesﬁ‘ictumsm@bbetnsel'tade
been described in the patent literature. See, ex Gale 1 et al.
U.S. Patent 4,388,Bedhe dgqlé@ggggrgﬁsngyqpl@l F@ﬁ%k‘%@cﬁ%%
Transder mal del d, Y Wphriiud 5LAGY bhabie P ticér A TRAHed P Lrbb@R'd ik of

| ont ophoresis) 18 desc In the technical literature by
Thysman et al . 7 n infectiorT(Ses; Zelebi).S| Ratent7,232:448). Thus,astpeagticedmsingver y and

Sena 351 0% Vil WAL ARl Pl PR 0
i ont ophoreti ¢ del iédival @dchinfidirdnty inifdtd aAd stipervise trcopteationpof WPGMHV‘@ a

pl exiglass cell) with in vitro passive transdernmal deliver
fentanyl . Thystean alengith &%ﬂﬂiﬁ@@%ﬁﬁﬂmﬁmoﬁwgs F@mm?ﬁ'r'% aﬁﬂge PEA

phar macoki neti g prd&,lg%@ﬂ{é?ﬁ%e X gﬁﬁdﬁﬁé‘f‘aﬂaﬁﬂ%ﬁbéb&@ﬁh@'bfﬁfearfﬁé?é&&%{éous%

V. Preat et al. also descri ectrotransport delivery of ‘sufentanil
an 25 anal og of f(eet mtrgVenqusdriumama)amas ophoretic Delivery of

St BEr o ey o i PRGBSt S5 8 et ),
35 527 UL B, bk g o kst ey rrter e
iﬁ;l ;gs : 2" 3?/ol 1_s| (7)?'; g{g,e;ilavce beenI gt-zesglbgd inthe gatent literature. epfgnt gxa'anSe Gale

16 etal U.S. Patent 4,588,580, and Theeuwes et al, U.S. Patent 5,232,438.

17 Transdermal delivery of fentanyl by electrotransport (specifically iontophoresis)

18 has been described in the technical literature by S. Thysman et al. in

19 "Transdermal lontophoresis of Fentanyl: Delivery and Mechanistic Analysis”,

20 International Journal of Pharmaceutics, 101 (1994) 105-113. Thysman et al.

21 compared in vitro transdermal iontophoretic delivery of fentanyl (through excised

22  rat skin using a plexiglass cell) with in vitro passive transdermal delivery of

22 fentanyl. Thysman et al. concluded that iontophoresis improved the

24 pharmacokinetic profile for the transdermal administration of fentanyl.

-] V. Préat et al. also describe the electrotransport delivery of sufentanil, an

26 analog of fentanyl, in "Transdermal tontophoretic Delivery of Sufentanil”, 96

27 Intemational Journal of Pharmaceutics 189-196 (1993).

28 M. Ashbum et al. describe iontophoretic delivery of morphine in

29  conjunction with morphine delivery by means of a conventional PCA device in

3 "lontophoretic Delivery of Morphine for Postoperative Analgesia” Vol. 7, No. 1,

31 Joumal of Pain and Symptom Management, 27-33, 1992. Ashburn et al.




31 Journal of Pain and Synptom Managerrent 27-33, 1992. Ashburn et al.

WD 96/ 30078 . —PCT?US96/ 30487 6 1
concl uded that iontophoretic deli very of m)rphl ne reduced the utilization
of 2 conventional PCA in post-operative pain managenment. 5??1‘ sefsqsFoUr | ay
et al. 3 THEOMSMByer nal Adninistration of Fentanyl in the r’ggt ment of
Postoperative 4 Pain Pharnmacokinetics and Pigarmacodynam ¢ Effects”, Pain
1989; 37:193-202; 5 Sebel et al. 'Transdermal Absorption of Fentanyl and
Sufentanil in Man", 32 EBur. 6 J. din. Pharmacal 529-531 (1987). 7

| n-the adm ni st r aphdudidd thatie |@éelﬁf3?)&?ﬁérﬁﬁine}éddo§d\f%|ﬁnﬁ§ﬂt?ds dabl e for

a attending medical personnel to have kndow edge regarding t tory of

the 9 patients reo,revqmow RGAip posbeparative pain managementmSesgisn: Qourlav et al.

i nformation 10 nt

during a g ven®pr | HfE trenbqsrte, AafjHkrelion B AN i he Teatfbor e Podforkie

TENage & pali ont’ G oba o R ey I, e Lol

an electrotr anépoSPBﬂ#PénT@GMYR&PWf@NWH“@PB@%@ Man", dg &pr.f or
both the patiept 5508, s to use. 15 16

- DI SCLOSURE OF 9%’&@?%‘?‘? gﬂ@?@ present invention provides an

el ect r ot ransport dr ug Mﬁheadm;ms!ahonefdmgsaum asanaigesids; iﬁsmdesimlesioor age

and di spl ay of pr| ich ha red of

Cherapy. 20 " efiindiig hesichlhetrondBl{B rive KRGHBHGS frciihg Insthisipy 1 e

provide a di spbay éﬁh’nt'ﬁi’eo%iptoﬁ&%t F@téﬁmenhpdrmmhﬁmynfdﬁwatm whi ch
i s inexpensive, i s accurate easa/pf or bot h nedi cal

pr of essi onal s '&ndrﬁﬁ[‘#@l QM@*WS'C received by, the patieptdyring agiyRnepriolt ¢ he
present i nventj onpldhdbitikie o2 db8ddeHittory), can be critically important in deciding upon a

12. future strategy to be used to manage a patient's pain or other symptoms. Itis
13 also important that an electrotransport: patient-controlied drug delivery device be
14 easy for both the patient and medical professionals to use.

15
16 ~ DISCLOSURE OF THE INVENTION

17 The present invention provides an electrotransport drug delivery device

18 and method which provides storage and display of prior events which have

19 occurred over the course of therapy.

20 It is a further aspect of the present invention to provide a display for an

21 electrotransport drug delivery device, which is inexpensive, which is accurate,

22 and easy for both medical professionals and patients to use.

23 It is a preferred aspect of the present invention to provide a patient-

24 controlied electrotransport drug delivery device and method which records and
2s  displays, for interpretation by medical professionals, the number of doses of drug
26 the patient has self-administered during a predeterminable prior time period.

21 Knowing the number of prior drug delivery events, medical professionals can

2 easily determine (or look up) such derived or derivable quantities as total drug

29 delivered, undelivered drug remaining in the drug reservoir, drug delivery trends
30 (i.e., increasing or decreasing) and various other data relating to the patient's

31 drug delivery profile.



24 controlled el ectrotransport drug delivery device and nmethod which

records and 25 displays, for interpretatlonBy_nedical professienals, the——
nunber of doses of drug 26 the patient has sel f-adm nistered during a

predeterm nable prior time period. 27 Know ng the nunber of s?boﬁ
delivery evem‘gﬂ@, 8i cal professionals can 28 easily deter rﬁ ne (or Took
up) such derived or derivable quantities as tgtal drug 29 delivered,

undel i vered drug remaining in the drug reservoir, drug delivery trends 30
(i.e., increasing or decreasing) and vari ous other data relating to the

patient's 31 dyug deli
BCT/ USO6/ 30087 7 1 Wﬁl’ﬁ%’& hE ven?%n p%@\?‘l‘ device for displaying how
device for dispd aymagybmtﬁhwmmedbveﬁapmcdaﬁmseeﬂammwnrl od of use

of a patient-worn 3 electro nsport . del del.ivery device
LT o o Sinetiatiapspert AR deyide. Jinedelivery evice Lhies & ppiaebaving on
counting and Stp“é}i&é{ﬂ Eenﬁé}hﬁi’h&ﬁﬂéw&ﬁiﬂﬁﬁnﬁwg%&ﬁuﬁ:ﬁ&cl?@lreﬁﬂ of
use., The stored count splay y cycling t

é\v bet ween on and

off states acco¥ duwgchocwrmvedbe@eno eﬂJseegThaeelomﬁuceunusdlsp ed by gyclingdhe

or edet er mi ned r'bg $EREE pofiepl BoEnd o ediRl Broorlgsa Bredépertfeciegimen which
between x 9 and ywmwth%mrwwmmmmmmmfmeerﬁblthéoo
nore preferably an 10 mteger froml to 20. 11
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The event's vihi ch cor e, YahdYeekA g h kel o S4B oD mdisrieratly an
devi ce by el ecta otintegepiom 1 tal20er nati vel y, the events may conprise a
hay be 18 conflar ed w teax B PRFRERN e HibgnEe Sk B RS E e eyt A
count ed each ti2are and unlit states or.an audible alarm having sounding and no-sounding states.
13 The events which are counted can be doses of drug delivered by the
14  device by electrotransport. Alternatively, the events may comprise a patient
15  condition which is sensed by the device. The sensed condition may be
16 compared with a predetermined range for that condition and counted each time
17 the condition falls outside the predetermined range. In a more preferred practice
18 of the invention, the event is a manually initiated dose of drug administered by

19 electrotransport.

20 These and other objects and advantages of the present invention will
21 become apparent from the following detailed description of the invention and
22 from the accompanying drawings.

23

24 BRIEF DESCRIPTION OF THE DRAWINGS

25 In the figures, like parts are given like reference numerals and wherein:

2 FIG. 1'is a perspective view of an electrotransport drug delivery device of
27 this invention;

28 FIG. 2 is an exploded view of an electrotransport device of this invention;
29 FIG. 3 is a flow diagram showing one example of logic for operation of the
30  device illustrated in FIG. 2; and



17 the condition falls outside the predetermined range. In a nore

pieferred practice 18 of the inventian, the event-is a manual |l y-i-nitiated
dose of drug administered by 19 electrotransport. 20 These and ot her
obj ects and advant ages of the present invention will 21 be

fromthe fol w&/ﬁ‘ﬁg"’getai | ed description of the invention ang’%@ *romthe
acconpanyi ng draw ngs. 23 24 BRI EF DESCRI PTI ON OF THE

DRAW NGS 25 In the figures, like parts are given like reference
nuneral s and wherein: 26 FIG 1 is a perspective view of an
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2 is an expl oded view of an electrotransport device 0

FIG 3 is a fl o dideviceiiustteted ind"lGn2 exanpl e of logic for operation of the
30 device illustrated in FIG 2; and WD 96/ 30078
PCT/ US96/ 03487 B 1 FIG 4 is a flow diagram showi ng an alternative

| ogi ¢ of operatjon for the 2 MM'ESG’ORUAﬂRYINGbU'ITmEaN\GN'ﬂON
MODES FOR CARRYI NG OUT THE | NVENTI ON Ceneral | y speaking, the
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s pain. Drug is self-administered by the patient by closing a switch which activates
10 the electrotransport device. Once activated, the device delivers drug by
11 electrotransport for a predetermined dslivery interval. Thus, in this exarrple of
12 the invention, the event is a predetermined dose of drug delivered automatically
13 upon activation of the device. The length of the delivery interval will vary
14  depending upon the particular drug being delivered, the magnitude of the applied
15 current, the size of the device and the particular course of therapy. After the
16  delivery interval expires, the device automatically tumns itseif off and awaits
17 activation to dsliver another dose of drug. [f the patient needs more drug, e.g., if
18 the patient is continuing to feel pain after the delivery interval has expired, the
19 activation switch may be again closed and the device placed in a drug delivery
20  mode for another predetermined delivery interval. On the other hand, if the
21 patient has adequate pain relief following the drug delivery interval, the device
2 automatically shuts itself off and awaits another activation by the patient at a later
23 time when pain reappears. The patient is thus able to titrate the drug to his or
24 her level of pain tolerance {within definable limits) to achieve a desired level of
25 analgesia, i.e., where the patient is not uncomfortable. The device is designed to
26 be worn on the patient's skin (e.g., upper amm, lower arm, or chest) for a
27 predetermined period of therapy e.g., 24-hours. The device can thenbe
% discarded or retumed to the physician as directed.
29 in accordance with the present invention, the device has a display, in the
3 form of a light or an audible alarm, with only on and off states. Examples of such
a1 displays include simple lights, LED's and beepers which are generally



11 electrotransport for a predeternmined delivery interval. Thus, in this

exanple of 12 the jnvention, the eugni—is—a—padeterm ned dose of drug —

delivered automatically 13 wupon activation of the device. The | ength of

the delivery interval will vary 14 depending upon the parti gsﬂr'“g
bei ng del i veWO®3RR® ragnitude of the applied 15 current, Itlﬁlalh’sgl ze of the

device and the particular course of therapy. giffter the 16 delivery
i nterval expires, the device automatically turns itself off and awaits 17
activation to deliver another dose of drug. If the patient needs nore drug, -

e.g., if 18 the R{g,cfbg,q% Wl [Mava AR i eBtr@t}é '
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devi ce placed en sompietelyidisposabje.20 node for anot her predeterm ned
delivery interval. On e other hand,, if t 21 tient has adeguate pain
relief followifg the d geﬁ’&FP@%ﬂﬁP&WQFﬁetﬂﬁs%@!ﬂ%@gs%ﬁF PBal Iy
shuts itself off aRitraMicicbantarand'stbrageldpparaiaTobrounting 2l istifingdhe AumbBérest 23

ti e when pain reappears. The patient is thus able to titrate the drug to
his or 24 her 5| ef¥ents e.gadhe number of times thatthe deviee isactvated todeliver adose af eve
a desired level o THER Lifiter | ' '

unconf ort abl e. IsThie‘m‘égw ce?{lhg%gem gﬁgﬁsﬁoﬁ&%‘?ﬁg&a&og%ﬁ&i{vﬁk%ggﬁ%%ﬁ trosthgki n
(e.g., upper arm attivation switch suchthatthée counterds #icremented by one eeerytiene the of

therapy e.g., 24-hours. The device.can the e, 28 discarded or returned to
the physician 8s WE@EF@&seggpdthedew%'ség@Yﬂ??f’dnce with the present
invention, thegdevice YAe d@pllyiPaISY opratibhifly E8nnédiédiathe dolint8FandétoRige

audi ble alarm with only on and off states. Exanples of such 31 displays

i ncl ude si npl ool | gApYaISEDdisPlaydhe storest couphie:s:. the aumber ptiimes that the derics007s
CCTLRo0) 200550 Bey bBGY AR Blio Pl 4 mk B in e bl b count by
el ectrotranspagt dyoling betweeniun aridoftstates mceordingrio alpredeterniinetbmgimen which
13 . correlates the number of on/off cycles to the count. Preferably, the
14  predetermined regimen correlates each on/off cycle of the display to between x
15 andy events (e.g., doses), x and y each being an integer from O to 100, more
16  preferably an integer from 1 to 20 and most preferably an integer from 1 to 10. In
17 this manner, the dosing history (i.e., the number of doses of drug administered by
13 the patient) is displayed, at least to an approximate number, by the cycling of the
19 display between on and off states (e.g., by blinking a light or by sounding an
20 audible alarm) according to the predetermined regimen. Thus, a single light can
21 be used to display the number of events which have previously occurred during
the course of therapy.
p<} While the present invention is not limited to electrotransport delivery of
2a  any particular drug or to any particular course of therapy, the device and method
s -of the present ihvention has particu'lar.utility'in connection with manually initiated
26 - electrotransport drug delivery and more particularly manually initiated
27 electrotransport delivery of an analgesic drug to control pain. Examples of
2 electrotransport delivery devices adapted to deliver a narcotic analgesic on
29 demand by the patient in order to control pain are illustrated in FIGs. 1-4. With
30 reference to FIG. 1, there is shown a perspective view of an electrotransport
31 device 10 having an activation switch in the form of a push button switch 12 and

N



4 electronic counter and storage apparatus for counting and storing the

nunber of 5 events e.qg.., the nunber of tines_that the device is activated
to deliver a dose of 6 drug. Thus, the counter and storage apparatus is
operatively connected to the 7 activation switch such that ris
i ncrement ed WPWIOByery tine the 8 switch is closed and the device is
activated. 9 The display is al so operajgonally connected to the

counter and storage 10 apparatus to display the stored count (e.g., the
nunber of tinmes that the device 11 has been activated to deliver a dose of .

d The d ' t ’
s'[ ;?Zas acgor::l;swga%l%giga% ?ﬁ%%gﬁ‘éﬁgdﬁl c&% iql‘c?;olrre a esétaﬂ%%%%er
of on/off cycles therehaﬁerouariousmm«stmdztu;qsm aperaterin asimilarmanter tagheen
| at h / I | t d
(oo “dosesy. ' aitch 2AfingLED v BBeBte Hadlf pibagrclpbhe sfflea afis'a °

preferably an iqnteger fFl@mlsa@e%mnmafaaé@irﬂrddvioh 1erbﬂmﬁrm:6ﬁ OPhd tO
10. In 17 this manner, the dosin unber of doses of

drug admi ni st erfied dgvices!0 ohEIG, 2 ?°m§’QYIC§ﬂI°#§!ﬁ 'bl“ th@M'QTbOfd-FED 14.
 appr oxi mat e nunger i I td'\gg‘, ff

"~ states (e.qg. rg) b&%@ﬁﬁdgﬁgﬁ}é@éﬁ'&eﬂ{ Jyagosﬂ |gg%§gr?ﬁ§(?mau | ?ée)?gﬁ@?'ﬁ
accordi ng to the perabdiment ofdlae ineentioan DevicesiO' eorsprisgs aniuppat hausing?1B, abe
used to display the n er, of e S i ch _have .previ ousl C r urlng
22 the course %f ‘E'I"FH&EB aggem biy'Te. a\ysr bouping 8Be W@ﬁ?% cqeig
limted to el e r qile@riiedd, ande aeeéwoﬁbs%thmeémwzshaa skihleanipatible any
particul ar course of therapy, t he device and nethod 25 of the present
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switch in the formof a push button switch 12

15 {not shown in FIG. 2) passing through opemngs 13a and 13b, the ends of the

16 posts being heated/melted in order to heat stake the circuit board assembly 18 to

17 the housing 16. Lower housing 20 is attached to the upper housing 16 by means

18 of adhesive 30, the upper surface 34 of adhesive 30 being adhered to both lower

19 housing 20 and upper housing 16 including the bottom surfaces of wings 15.

120 Shown (partially) on the underside of circuit board assembly 18 is a button
21 cell battery 32. Other types of batteries may also be employed to power device
2 10.

2 The device 10' is generally comprised of battery 32, electronic circuitry

24 19,40, electrodes 22,24, and drug/chemical reservoirs 26,28, all of which are

25 integrated into a self-contained unit. The outputs (not shown in FIG. 2) of the

26  circuit board assembly 18 make electrical contact with the electrodes 24 and 22
27 through openings 23,23' in the depressions 25,25' formed in lower housing 20,

28 by means of electrically conductive adhesive strips 42,42'. Electrodes 22 and 24,
20 inturn, are in direct mechanical and electrical contact with the top sides 44',44 of
30 drug reservoirs 26 and 28. The bottom sides 46',46 of drug reservoirs 26,28

31 contact the patient's skin through the openings 29',29 in adhesive 30.
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10 1 a display in_the formof a Light—emiting-diode (LED) 14. In view of

t he descri ption 2 herei nafter, various other structures which operate in a
simlar r%ghaw SW tch 12 and the LED 14 wil | beCOFE‘r/US%&HJW
apparent to led in this art. 4 FIG 2 is an exploded view of
a second device 10 of this invention. The 5 44qevice 10" of FIG 2 differs
fromdevice 10 of FIG 1 in the location of LED 14. 6 LED 14' is | ocated
adj acent button switch 12 on one end of device 10 in this 7 enbodi nent of

the invention. ;Device Upond8pieesion of pushbilitioh skitds 12ahé electrofic cirtiiifiyoh boar d
assenbly 18, a | ower h%ﬁgl ng 20, ano%tr‘as el ectrode 22, cat hode 9 ngctrode
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FIG 2) of the
14 are preferably comprised of polymer hydrogel materials. Electrodes 22,24 and

15 reservoirs 26,28 are retained by lower housing 20. While the invention is not
18 limited to any particular drug reservoir composition or electrode material, the

17 invention has particular utility in the delivery of analgesics. One particularly

18 suitable analgesic is fentanyl, preferably a hydrochioride or citrate sait of

19 fentanyl. In the case of fentany! HCI, the anodic reservoir 26 is the "donor”

20 reservoir and contains the fentanyl HCI and the cathodic reservoir 28 contains a

21 biocompatible electrolyte.
The push button switch 12, the electronic circuitry on circuit board
23 assembly 18 and the battery 32 are adhesively "sealed" between upper housing
24 16 and lower housing 20. Upper Housing 16 is preferably composed of rubber or
25 other elastomeric material. Lower housing 20 is preferably composed of a plastic
26 or elastomeric sheet material (e.g., polyethylene) which can be easily molded to
zz  form depressions 25,25' and cut to form openings 23,23". The assembled device
28 10' is preferably water resistant (i.e., splash proof) and is most preferably
29
30

N

waterproof. The system has a low profile that easily conforms to the body
thereby allowing freedom of movement at, and around, the wearing site. The
31 anodeffentany! reservoir 26 and the cathode/salt reservoir 28 are located on the




26 circuit board assenbly 18 nmake el ectrical contact with the el ectrodes
24 and 22 27 through openings 23,23' in the_depressions 25,25 forned in
| ower housing 20, 28 by nmeans of electrically conductive adhesive strips
42,42' . Electrodes 22 and 24, 29 in turn, are in direct nec ' d

el ectrical WOMRAM®\ith the top sides 44',44 of 30 drug reservoirs 26 and
28. The bottom sides 46',46 of drug reservoiqé 26,28 31 contact the
patient's skin through the openings 29',29 in adhesive 30. WO 96/ 30078
PCT/ US96/ 03487 11 1 Upon depression of push button switch 12, the
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predet er m ned bc @B%F%M@é %ﬁg'ogﬂﬁe ect ﬁgﬁﬁeﬁgﬁg&ﬁ%ég%p?f% for
g dfel I vglry I?L Qr\édopidéntarddaﬁgulshaﬁdgﬁuﬁﬂ\@nmrhlhmdjngaadmse. 10 mi nutes.
referably, e device_transnmts to t ' audi
confirmation of the on@?%ﬁ'@ﬂé@%ﬁ@ﬁé@?@ﬁ%?g@y% ,08 dlggrﬁ'f'ﬁf&it‘)*legﬂ!s
means of LED 14 B?S?griwléfh%gﬁé@bm@thﬁp‘érﬁiﬂé'ﬂéiﬁ%ﬂy-cbhmindsideg-,

a "beeper". Drug is d through the patient's skin by
el ectrotranspost, 3. Thegdhesive side 3§rgh€§ adbesive, propeftieswhishcaassurasat the davieg n

m nut e period bei S r ' t oty L Laei
on circuit boarsd gg‘s‘%ﬂﬁ'@&@'ﬁ%&%ﬁ@%%@e@g? Vﬁ%ﬁm%nﬁe‘% p Egﬁlgﬂ, ;y
'C(r)1 ]lg gﬁ er L whi ch ycoyedsonabie ra?gw aftef the prédetenmiried (e\ger24shaurfiweanperiodt lhipper

| mat i on : ' '

conpri sed of?giaﬁvéﬁﬁlﬁ%{;gﬂ?%ﬂeﬁt%@%?hgﬂéhgg %gg&téﬁﬁh%&?r%e a% ed of
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‘43 button switch 12 within a short time period, e.g., three seconds, is preferably

14 used to activate the device for delivery of drug, thereby minimizing the likelihood

15 of inadvertent actuation of the device 10'.

16 Upon switch activation an audible alarm signals the start of drug delivery,

17 at which time the circuit supplies a predetermined level of DC current to the

13 electrodesfreservoirs for a predetermined delivery interval. In the case of

19 electrotransporting fentanyl to control acute pain, the applied current is typically

20  in the range of about 10 to 5000 mA, preferably about 50 to 500 mA and most
preferably about 200 to 300 mA. In the case of electrotransporting fentanyl to
control acute pain, the delivery interval is typically in the range of about 1 to 120
minutes, preferably about 5 to 30 minutes and most preferably about 10 minutes.
The LED 14' remains "on" throughout the delivery interval indicating that the
device 10' is in an active drug delivery' mode. The battery 32 preferably has
sufficient capacity to continuously power the device 10" at the predetermined
level of DC current for the entire predetermined (e.g., 24-hour) wearing period.

In a preferred practice of this invention, a small, light weight and

inexpensive light with on and off (i.e., lit and unlit) states is used as the display.

in a more preferred practice of the invention, the display is an LED.

N
-

g 3 8 ¥ B B ® 8 R



19 fentanyl. In the case of fentanyl HCl, the anodic reservoir 26 is the

"donor" 20 reservoir and contains thefentan—HCL and the cathodic —_—
reservoir 28 contains a 21 bioconpatible electrolyte. 22 The push

button switch 12 the electronic CII’CUItI’y on circuit board y 18
and the batt?ﬂl"@? re adhesi vely "seal ed" between upper hmf?ng 9@ 16 and
| ower housing 20. Upper Housing 16 is preferafdy conposed of rubber or 25
ot her elastoneric material. Lower housing 20 1s preferably conposed of a
plastic 26 or elastoneric sheet material (e.g., polyethylene) which can be

easi |y nol ded tp 27 fom% ﬁw&ﬁe iffimation i€ Gishia gé‘a‘hﬂﬁ atically
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adhesi ve side 34 adheres to | ower hou5|n 0O and retains the el ectrodes and

9 drug reserv# rsThqn!ammmmmw@pm@sﬂamm@ntdgs%mﬂ@mwm eiEoulti ns
l'ower 10 housj,ng R adld @S %@é&ﬂnpﬁ e -push
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operations allustrated in Fig. 4 may be initiated by manually depressing push
13 button switch 12 or by the device:automatically electronically sensing its
14 placement upon the patient's skin. The first step (boxes 402 and 404) is to
15 initialize certain parameters, including setting a variable K equal to zero and then
16  setting the drug delivery count equal to K, or zero. The delivery count is the
17 stored number of drug delivery events (i.e., the number of times that the device
18 has been activated to deliver drug). Since K is initially set equal to zero, the
19 answer to the question posed in box 406 is "yes" and the logic of the flow
20 diagram cycles between boxes 406 and 408 until the button switch 12 is pressed.
21 Once button switch 12 is pressed, the answer to the question posed in box 408
22 s "yes" and the logic of the flow diagram cycles between boxes 410 and 412 until
22 the short {e.g., 3 second) delay period has expired or until there is a second
24  press of button switch 12, whichever occurs first. if the 3 second delay period
25  expires before button switch 12 is pressed a second time, the answer to the
26 question posed in box 410 becomes "yes" and the logic of the flow diagram
2z retumns to box 404. If on the other hand, button switch 12 is pressed a second
28 time before the expiration of the 3 second delay period, the answer to the
28 question posed in box 412 is "yes" and the logic of the flow diagram proceeds
»  through boxes 414, 416 and 418 to tum on the LED 14 and apply |
31 electrotransport current to the patient at a predetermined level for a



12 device 10' and is easi |l y actuated through clothing. A double press of
the push 13 button switch 12 within_a short tine period, e.g., three.
seconds, is preferably 14 wused to activate the device for delivery of

drug, ther ebﬁprri nimzing the |ikelihood 15 of inadvertent %Wf t he
devi ce 10'. 9630078 | hon switch activation an audibl e al arhy Sl St he
start of drug delivery, 17 at which tine the,wi rcuit supplies a

predeterm ned | evel of DC current to the 18 electrodes/reservoirs for a
predeterm ned delivery interval. In the case of 19 electrotransporting
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del i very node. Sheotgiesteatransporheurrent tathe patientorespediively c Fellowiog bax #24, the
conti nuously power ' 1.0 rmned 27 |evel of DC .
current for the%n{*@ﬁﬁg%%mﬁﬁrggg?&gﬁour) wearing period. 28
In a preferred practi ceThe LERidees nokbiink antil aftes there has besn twogpresses anbulton
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14 ‘delivery count, i.e., 1. Since K is no longer less than 1, the answer to the

15 question posed in box 406 is "no" and box 426 causes the LED fo blink one time,

16  after which, K is reduced by 5 in box 428. Since K was only equal to 1 initially,

17 following box 428, leaves K equal to a number less than 1. This causes the

18 answer to the question posed in box 406 ta become "yes" and the logic of the

19 flow diagram cycles between boxes 406 and 408 until there is another push on

20 button switch 12.

21 According to the above-described mode of operation, the LED is

22 continuously turned on during the drug delivery interval when the device is

23 applying current and delivering drug by electrotransport to the patient. During

24  periods when there is no electrotransport drug delivery, the LED continuously

25  cycles to periodically provide a blinking LED display which is indicative of the

26 number of drug delivery events which have occurred (i.e., doses of drug

27  administered by electrotransport). If there are no blinks of the LED, this signifies

28 that there has not been any drug delivery event initiated by the patient. If there

20 has been between one and five drug delivery events initiated by the patient, the

30 LED blinks once during successive “blink displays”. if there has been between

»  sixandten drug delivery events initiated by the patient, the LED blinks two times



6 delivery interval in order to signal on-going drug delivery. 7
Fig. 4 is a flow diagram show ng_the.npde—of—eperation wherein the event a-

count is displayed automatically by blinking the LED on and of f when the
delivery 9 device js in an "off' node (i.e., during tines opbpisddtaisrdr ug

delivery i nteP . 10 The placenent of the device upon the patient
closes the electrical circuit 11 between thggdonor and counter el ectrode
assenblies of the device. The 12 operations illustrated in Fig. 4 nay be

initiated by manual |y depressing push 13 button switch 12 or by the device:-

automatically gl e%ﬁﬁ;?u%d&emnmds?mysﬂnmmmeh@ema@t s
skin. The first step (boxes 402 and 404) is to 15 initialize certain
paraneters, i nel udiftaen deugdelivent eventsthe 4ER biinka three times duringisuasessivesblink

etting the dr dgl ik very, c . . i '
f he I17g stored%%urﬁs@:lavygf&&‘r ﬁéﬂ%éﬁ??ﬂ@&%‘v*@m‘ga falzg?régn cg'ﬂgamé&%?ﬁ?%sl >
Fhfit.tlhf 'device 18\|unitmm6ﬁWLED,ade?malsgaddq®qrgﬁimce Kdis )
Initla set equa O _Zero, (S answer o) e (S14 e 0S I N, DOX
406 is "g;es'_' afid the w@S&pGFeraH&a?erﬁ?eW@M@?d?&b@% RIS 406
and 408 until the sh&é&pg%tnh%e%ﬂ%gsé&a@h@ﬁé%énfu&étne@eeiwttea{rﬁ&hﬁgg%gﬂy

I s pressed, the answer tion posed in box 408 22 Is "y
the | ogic of the fthetimdiafigstdiink display hee endechanda subsenuentlink displaythas 23

Second 24  pr 68 SOty T ey nBE s vinp R bR i of eoinky 1d @R sBebaor
second del ay peri @yeRfongexpi res before button switch 12 is pressed a second

time, the answer to the 26 question posed in box 410 becones "yes" and the
nheig

| ogi c of the f®ow di agAgAnEitemative fatbedaig,dslivatyistefy igiermatio disglayed

button swtch 12 i SV ' Qi ' t he

3 second del ay‘J[peﬂé'E)dgf,sa?ﬁ@Hg%smr toa‘f%3°§8%3§§é?ff?ﬁ%§§%mﬁ§ox S

"yes" and t he ikogithe désindbisforyis dispiayed onjy at theerésjuest of the patight drexmedicall, 416

and 418 Lo {ury Of Lot E 44 BndebRliteih i oRMBRARR e S4BARR widh {1°
14  button-switch 12 is pressed only one time within the short (e.g., 3 second)
15  predetermined time period discussed above. Given the overlap of functions
16 relating to pushing button switch 12, the electronic circuitry connected to switch
17 12 must be capable of distinguishing between a patient requesting delivery of
18 drug and medical personnel interrogating the event counter and storage
19 apparatus.
20 Referring now to Fig. 3, there is shown a mode of operation whereby the
21 dosing history is displayed only at the request of the patient or a medical
technician. In this mode of operation, pushing (i.e., closing) button switch 12
either initiates electrotransport drug delivery or initiates a display of the count
24 (e.g., dosing history). Similar to the logic of the FIG. 4 flow diagram, the FIG. 3
flow diagram displays the dosing history information by blinking the LED
according to a predetermined regimen. Similar to the Fig. 4 flow diagram, the
initial step is to initialize certain system parameters (box 302) including setting
both the flag count and K equal to zero. Following box 302, the logic of the flow
diagram cycles at box 304 until button switch 12 is pressed, causing the logic to

]
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proceed to box 306.




WO 96/ 30078 _ PCT/ US96/ 03487
14 1 predetermned (e.g., 10 mnute) deliveryinterval. Once the drug
delivery interval 2 has expired, the answer to the question posed in box

418 becones 'yes" d the 3 logic of the flow diagram proc%g,mt\gh
boxes 420, 4?}21’ 24, which boxes 4 increnment the delivery count by one,

turn off the LED 14 and stop the application fg of electrotransport current
to the patient, respectively. Follow ng box 424, the 6 logic of the flow
diagramreturns to box 404. 7 The LED does not blink until after

t here has been fwo pre icht ] A 0 il i

t hree second) pi ede?ﬂ%ﬁﬁ%&ﬁ?ﬁcﬁ%ﬁ%@%&ﬁ%d@ ﬁ%&gzmti&gﬁlt(ﬁ%ﬂgﬁeﬂ%ﬁon
SWi tcg éLﬁ t wo 1ai {Temhﬂ')plgingebmrgtmnsnorbﬂmmﬁtwhepgtlem)m?&:iﬂm??sem&ﬁﬁ?hurns
on an e predetermn rug. delivery r | S . ed. . e the
rug del fvery i drenatigier Sui'sanbRlbrdesdh ithn feh 32cktimsinin 5 me "2
and both the LED agstohd pefitd)Ihelanswer to thelguestion gdsed in boXe808béconis "y6é"and

point (i.e., 13 after the first drug delivery event has occurred box 404
sets K equal to t Hbejogic githe flewdiagrarprogeegs to box 30 wherginiadisplay sHiber | ess

than 1, the an r ; hﬂ#ﬁﬁ? R0 6 ST 1Y 426
causes the LEDSétNg rb I'n gr?é'ﬁgl ne, %%@Q?m??ﬁ é&@?"#’é'&u@%ﬁ%qggﬁﬁ box
428. Since K was ozérg, tbgansweardo the question pgsediin bok 312 istiyes)' anabthe Rigic ofdthees K

|t nb . than 1, Thi t 8 to tk ti
S aad i1 boxads 1 b oxsies Back 15 AR S0 Wl Faus LD 16 bl Joram O
cycl es between foxes 4Qﬁoﬁm§oﬂﬁb?ﬁéﬁ&,itheﬁehgé%ebén@ﬁr@w@m}ggﬁg?t@ﬁ1§(Befd?€lﬁé3n

switch 12. 21 According to the above-described no operati on,

the LED is 22 corfpifaienelihe gsaeendyielaperag. theanswattode auestipnipesed indpox
P ert s anepoft RN P BlcAA hd A Bl edlis oo s

el ectrotransporz d36y3t@ and 829, whitkebaxeB initiate iappiiatiory obélectmfransport current,

e o0 cally Lo il B L Ep P60 o RS
2;1 gnln:c Iste gr ed by, eléid FédpeativeRO Orice thé prétRimited (8.9., A0IMikGteprniglivery. this
: 15 interval has expired, the answer to the question posed in box 322 becomes "yes"
16  and the logic of the flow diagram proceeds through boxes 324, 326 and 328,

17 which boxes increment K by one, turn off the LED and resst the flag equal to

18 zero, respectively. Following this, the logic of the flow diagram returns to box 304
19 and awaits a press of button switch 12. If the button switch 12 is then pressed

20 only once within the 3 second delay period, the logic proceeds through box 310
22 in which the delivery count is set equal to K, which is now 1. Since K equals 1,
the answer to the guestion posed in box 312 is "no" and the logic of the flow

23 diagram proceeds through boxes 330 and 332, which boxes causes the LED to
24  blink once and decrease K by 5, respeciively. Box 332 causes the value of K to

drop below 1, which in tum causes the answer to the question posed in box 312

N

to become "yes" and the logic proceeds back to box 304 where it cycles until

25

P

27 push button switch 12 is again pressed.

3 As discussed in detail above, the display consists of blinking the LED

29 according to a predetermined regimen. The LED blinks once for each 1 to 5 drug
a0 delivery events that have already occurred. If the patient has initiated no drug

31 delivery events at the time the display of dosing history is initiated, then the LED



28 that there has not been any drug delivery event initiated by the
patient. If there 29 has been Lve drug delHwery—events
gnit:ated byfthﬁ patient, the 30 LED blinks once during successive "blink
i splays”. If there has been between 31 six and ten dru tieadRy ENt S
initiated byV@?5%8®: i ent, the LED blinks two tines V\oggg%w
PCI / U596/ 03497 15 | during the successive bj4nk displays. If there has
been between el even and 2 fifteen drug dellvery events, the LED blinks
three tines during successive blink 3 displays, etc. Thus in the

pr.edet er m ned L@t b b@"ﬁ Rgm:er
cycles of the Wequgﬁaﬂ 9&%&1&@#& g&lp‘?nﬁata& st pre erzglg{vE
gel aly (see boxe 43ﬂrugrdeﬁ\réaleﬂ¢ntssthbuEDmll blindcancee if thé paifent hias pravidusly bI i nk
i spl ays so as not onfuse .t he pedical technici i uee t he ne a
first blink didpl 89' six apd rgimgeat\awem'%@‘% 3 Cbﬂﬂ% E@b‘ﬁ
This delay can, beemmbﬂﬁémemﬁ ﬁiﬁd@ﬁp&faﬁ@éﬁemmdtmrﬁtﬁa(égcepwfm
even |onger. 10 an alternatlve to the dr dellvery IStO‘SéD

se

i nformation be$ ngdm9$llmevﬂs whichdhaxe previqusly heen 'ﬂ@%‘ﬁ@
5T 19 O R e Py SRy b
exanpl e, the dpsichpsbh s corelateftios namberof blinkste thie atmhqul drigedelivéry éuentson
;S)\rMeEngerlrzn InZdIo‘{ ?ﬁ%ggbg%éﬁérfeteﬁ'awﬁvﬂ’ é"@i Mgg&/&'h%ae Bered i ons
Connectcu 13 o PRI Yo bid pni o g Sy it to o
patient requesti ngltlateldlbydhg pefierit during tll’@ weafinggeried! personnel interrogating
Lhe eyent count e anc %3l P R BT S ey rpprBBIkhb bR ED

12 may be accomplished either by blinking the LED on or by blinking the LED off,

13 depending upon the initial state of the LED being unlit or lit, respectively. Thus, if

14 the request for dosing history information is made when the device is currently

15 delivering drug, and hence the LED is currently in a lit state, the blinking of the

16 LED is accomplished by periodically turning the LED off. On the other hand, if

17 the request for dosing history information is made at the time when the device is

18 normally in an off mode, and hence the LED is in an unlit state, then the blinking

19  of the LED is accomplished by periodically turning the LED on.

20 Alternatively, the blinking LED may be replaced with a beeper which

21 beeps in accordance with a similar predetermined regimen described above in

22 connection with the blinking LED. The logic flow of FIGS. 3 and 4 can be

23 incorporated into the electronic circuitry on a electrotransport device in

24  accordance with conventional circuit design principles. In addition to the modes

2s  of operation illustrated in Figs. 3 and 4, the dosing history or other count

26 information may be displayed in a manner which includes both an automatic

27 display mode and a manually initiated display mode. For example, the

28 electrotransport device 10 may operate by (i) automatically displaying the count

29 during periods between active drug delivery intervals, similar to the mode of

30  operation disclosed in Fig. 4, and (ii) displaying the count during the active drug

31 delivery intervals by depressing push button switch 12. Preferably, the device




21 dosing history is displayed only at the request of the patient or a
nmedi cal 22 technician. In this nmde_of operation,pushing (i.e., closing)
button switch 12 23 either initiates el ectrotransport drug delivery or

initiates a display of the count 24 (e.g., dosing history). 'gyg,'kﬁw;o t he
| ogi ¢ of the“ﬁ%’flow diagram the FIG 3 2s flow di agrapréllsp ays the
dosing history information by blinking the LEg 26 according to a

predetermned reginen. Simlar to the Fig. 4 flow diagram the 27 initial
step is toinitialize certain system paraneters (box 302) including setting-.

28- both the flag KAURUEANSTRElIE Huli ey ,%ﬁm . '
of the flow 29 16ldi agranl1 cycles at Bgéﬁbs%, d&‘ﬁlgfu tton dg%&ﬂai%r‘elg@nbﬂgéﬁ
pressed, causi g tihdtonswitch 12 teinitiate theddisplayofiiitexcat does natfinadvestently) result
PCT/ US96/ 03487 16 .1 s o | f deyi s n resently in a drug
delivery int er vl 'Hi%!"ft'#'ﬂ%ﬁ%,d\ﬁ‘égﬁwﬁ%'Réﬁ%'-yi ng el ectrotransport
current to the patient)THdseskilled livthe aft®f eledirbtraispdrt ARUG deliveyatill Feadily NO

second press of button switch 12 gccurs within the three 4 second period,

the answer to the 2RREeGAShaldaadevice andmethodist therreseny kwentionmay beysed tgyi ¢
of the flow di agr adg pf Qﬁ@ﬂﬂﬁgﬁfBﬂ?év&ﬁ@b&%&ﬂﬂp%ﬁﬁ#@ﬁ&@&éﬁ? For ecor ded

dosing history 1nformation Initrated. Since 'S set equal to
7 zero, the ansmerexampiddhajdevice afithepresent invantien &y include/appropriale timing ogi c

o S 8 1 & U RprLcTnRaSle il S O B B R 9

button 12 beforge tdifpskd trediRbrtdimeTor he deVice3 The @elite ﬁﬁy&ﬁerpﬁﬁblﬁﬂthéélﬁpsed
answer to the question posed in box 11 314 becones "yeés" and the |ogic of

the flow di agr #m fineeBeappropsiaelyieyeingdse display betwepnpreand ofbgatesiin erdentsx es
ol tvars, P el RS BBHANLS Y5A8 i e dahsne ity
one, respective y.th&device bEthprpeesentinvemtion niay incorptiaterapparatus orisensingiaver y
13 patient condition and apparatus for comparing the sensed condition to a
14 predetermined acceptable range. If the sensed condition is outside the
15 predetermined range, the counter is incremented and the count later displayed to
16 indicate to a medical technician the number of times when the patient's condition
17 has fallen outside of the range. Examples of patient conditions which may be

18 sensed and compared in this manner include breathing rate, blood glucose

19 concentration, muscle movement (e.g., contraction), tissue oxygen content,

20 tissue carbon dioxide content, body temberature, heart rate, or the like. The

21 sensor provides a sense signal which is transmitted to a comparator which
compares the sensed signal with a predetermined acceptable range for that

23 signal. IF the signal is outside the predetermined range, the comparator signals
2¢  the counter to increment the count by one. In this manner, the counter counts

25  and stores the number of times when the patient's condition (e.g., heart rate) falls
26 outside of a predetermined acceptable range. The count is then displayed either
2r  automatically or by appropriate means for interrogating the counter in order to

28 inform a medical technician of the patient's history for that sensed condition.
29
]

N

Knowing the number of such events which have occurred during the course of
therapy, medical technicians can better adjust dosing rates and other parameters
31 in order to more effectively treat the patient's medical condition.



15 interval has expired, the answer to the question posed in box 322

becones "yes" 16 _and the | ogi c_oftheftow-diagram proceeds through boxes
324, 326 and 328, 17 which boxes increnent K by one, turn off the LED and

reset the flv%? eﬁgﬁl to 18 zero, respectively. Follow ng tjé¢rnusdsiossst ogi c

of the flow returns to box 304 19 and awaits a press of button
swtch 12. |f the button switch 12 is then pfgessed 20 only once within the
3 second del ay period, the |ogic proceeds through box 310 21 in which the
delivery count is set equal to K, which is now 1. Since K equals 1, 22 the:

answer to the questi onwaé &b préséit ihvéAtion i& nob IMitedd driypattietis? efictrobrandpany
23 diagram pr‘oceeds t hr ough 'boxes 330 and 332, whi cér:‘yboxes causes _the LED

to 24 blink oncedevice ordodelivasy of any Rartiquiansiseg by eleptroteanspar he inysetion has
value of Kto 25 A . j ' r . SN

question posecf’ [ m%&%ﬂgﬁ&ih%nb{og@@gﬁ@eﬁ%%@éﬁb%?ﬁlﬁ @gl C pr c}gfgfeécrigﬂggéck
to boxd304218v\he4r e htAtshiesdéssd_ of uefjibés, eﬂf-amt _itistﬂgtibm oﬁaml@efjsﬁﬂrf:@s toscomiyal [taain f
ressed. I SCUSSe | et al ov e .dl S a NnsSISts O

E| i nki ng the LED represepisAHmMpgrtact seome eﬂ@ﬁyﬁeééﬁwasﬁ%wﬁ?ﬁ@*s B i nks
once for each J tGefrtiditadite of fle préseht MivBRficn. ( Tidse!shined i theaseoroccur red.

If the patient has initi'ated no drug 31 delivery events at the tine the
di spl ay of dosi ngelactsatrangport diugideliveny will readily appreciate that theinyentissohas much

PCT/ US96/ 03487 17, 1 will - bl t Lo . ' S ' |
“initiated bet vkenb@ﬁﬁérmﬂ%twg lﬂﬁéﬂ(@?ﬁ&%? F’\‘/%Pé}g@/‘%ﬁiﬂg %ﬁLEﬁé\%%'ﬂH%l l|¥nk
once. |f the patimetelhgivernicdetier iustrale thenadvantazes whichamay be achieved iarputtingg
delivery events, the LED will blink twice. Thus, 4 each blink of the LED

signifies up to dhpirvestien iq prastic®unber (e.g., up to five) 5 drug delivery
events which have previously been initiated by the patient. Those 6
skilled in the art will appreciate that the particul ar predeterm ned
nunbers x andty 7 chosen to correlate t héEXAMMPBE of blinks to the nunber

of drug dell v1e3r y eve nt'Fhe fentanyl-containing donor reservoir is electrically connected to a
14 silver anode and the electrolyte-containing counter reservoir is electrically
s  connected to a silver/silver chloride cathode. The electrodes are in electrical
16  contact, through conductive adhesive strips, with the outputs of the electronic
17 circuit board assembly.
18 Each of the donor and counter hydrogel reservoirs has a nominal surface
19 areaof 2.75 cm? and a nominal cross sectional area of 0.15 cm®. The anode
20 donor reservoir contains about 1% to 2% of fentanyl HCI, approximately 30%
21 polymers and additives including crosslinked polymers for hydrogel integrity, and
22 optionally a humectant to inhibit water loss and enhance shelf stability. The
23 anodic electrode is a silver foil laminated to a conductive adhesive. The anodic
2 electrode surface area is about 2.30 cm’.
25 The cathaodic counter reservoir contains an electrolyte (e.g., NaCl)
26  solution, optionally buffered, and approximately 30% polymers and additives
27 including crosslinked polymers for hydrogel integrity, and optionally a humectant
28 to inhibit water loss and fillers to enhance shelf stability.
29 The cathode electrode is a silver chloride material laminated to a
30 conductive adhesive. The cathodic electrode surface area is about 2.30 cm’.



a may be changed in accordance with the particular drug being delivered
and 9 particularly according to the expected—nunber of drug delivery
events likely to be 10 initiated by the patient during the wearing period.
11 Those' skilled in the art will also appreciate that kdg1 NQg
of the LED 1?"% acconpl i shed either by blinking the LE'E?Qﬁsgg}Piﬁ*y
bli.nking the LED off, 13 depending upon the sgitial state of the LED being
unlit or lit, respectively. Thus, if 14 the request for dosing history
information is nade when the device is currently 15 delivering drug, and
hence the LED i§ currempe/fentanyl ddiivery'dévite id 8SinBle skl f&taliyfint LED is
acconpl.i shed by periodically turningthe LED off. On the othér hand, if 17
t he request forzdogbngouampmgavimwgb&miemr@msdhedwoene'fshmarhﬁﬁ 2.

tate. then the bl | e Ryt dBnBins JRARNCtIENTISE 4 ool odrd et =
turning the LED, onmegRanical housing &vd drig-oontaining hydrbgeldonooreseiVoirandiah
replaced with a beeper which 21 beeps in ac,cfoorsdance with a simlar

“predet ernined regi rejdecontaining, eRipter; raseryoir BM'PP%‘FP“EF'tW'F’ﬂ@aBW nki ng
LED. The logic §!| ogyminists oﬁh@ﬁ&&ti@ﬁﬁal?@s&@%ﬂtﬂ@? gf@g%@ﬁr?& félztgﬁylt he

electronic circuitry on a electrotranspor evi ce accordancte wth
convent i onal ci 7 cuhydraehidrigle. Jrherdonpt reservioir is@iniidic and the cobrtentasesvolrds of

operation illustra .0 Eigs. .3 and_4,.the dasing.histpry or qther gount
26 information® maéa%ﬁ%d‘&i &?W&%ﬂ ﬁﬁgg sh‘&n Tpﬂ?'ﬁkcgﬁnph%ﬁﬁ s[ygﬁ?ye&ﬁn s
automatic 27 dé Spiin oPRE upper dimarthabt fisr & R4hoak sstiodl spl ay node. For
exanmpl e, the 28 electrotransport device 10 nay operate by (i)

automat | cal Iy @ spl ayi e eleciepirircslry, woeh Agivatad ydBe pelanscdelersiaconstan
el i "ot | s ) g . . »
2 and (1) ai Y1 SDORAEND e elebfpddieSedipireor a0 iflde g HER G florkal and
interval s by depr ealiowsgptosix such delivesyirterials per Fowsf Activatipn of the plshibolion WO

96/:30078 13 switch 12 is signalled to the patient by visual andor-aﬁ%(e%?&r%sq 3487 18

14 .Upon two successive presses.of the button switch 12 within 3 seconds,

15 the battery powered electronic circuitry delivers 240 mA of DC current from the

16  circuit board assembly to the two hydrogel reservoirs in contact with the patient's
17 skin for the ten minute delivery interval. The output current is zero during periods
18 bétween active drug delivery intervals (i.e., when the device is in an "off” mode).
19 The battery is preferably a lithium coin type having a nominat open-circuit battery
20 voltage of 3 volts. Upon completion of the ten minute delivery interval, the device
21 automatically turns itself off and awaits another double press of the button switch
22 12 to initiate a subsequent drug delivery interval.

2 The count of drug doses delivered during the 24-hour active life of the

24  device (or other defined earlier period) are displayed automatically when the

25 device is in an "off" mode (i.e., when no drug is being delivered by

26 electrotransport). The count is presented in five unit increments between

27 delivery intervals by cycling the LED between "on" and "off” {i.e., lit and unlit)

28 states. In a preferred practice, the blinking of the LED (or the beeping of the

20  beeper) is interpreted as follows: No blinking of the LED and/or no beeping of

3 the beeper means no fentanyl delivery intervals have been initiated since the

31 device has been wom by the patient. One blink of the LED and/or one beep of



1 has a "lock-out" feature during the drug delivery interval so that
depressing push 2 button sw t ch_ l2—tg=ipittate-the di spl ay—of—t+he—count
does not (inadvertently) result 3 in the initiation of another drug
delivery int G%?bﬁ"? Those skilled in the art of el eGgraidegosaer’ t
drug deliver§y eadily 5 appreciate that the device and nethod of the
present invention may be used to 6 count ang4di splay other events besides
drug delivery dosing events. For 7 exanple, the device of the present
invention may include appropriate timng 8 devices which neasure either

the el apsed weari nke bbébrintans Mathei £ b Stentdy! &It@hﬂﬁl@ﬁ%ﬁﬁ%ﬁ&ﬁmﬁt&ﬁa

for the device. The device may then display the elapse 10 tine

appropri at el y @ycl Twe blins ofithe)LBE apdioriwmbesps0f Qﬁﬁ%ﬁﬁé@smﬁ'ﬂd@tqw 11

i ndi cate the nynb

Al ternatively, Q ?éntﬁltéylgﬁ e&ﬁﬁ%@@%@%&r@éﬁ nverﬁ]ﬁgﬁs% I g%%?ﬁ%’?&l"e
appar at us for aensheags of the bepperimeansdhadﬁbmcﬁw-dltcﬁISNmﬂandeW@y intervais have)
t he sensed condition tq 4 predeterm ned acceptable range. |If the sensed
condition is oétsﬂﬁ@"ﬂﬂ@ﬁi predet ernined range, the counter is
increnented and the count |ater displayed to 16 indicate to a nedical
techni cian the nunber of tinmes when the patient's condition 17 has fallen
outside of the range. Exanples of patient conditions which my be 18
sensed and conpared in this manner include breathing rate, blood glucose 19
concentration, nuscle novenent (e.g., contraction), tissue oxygen content,
20 tissue carbon di oxide content, body tenperature, heart rate, or the

| i ke. The 21 sensor provides a sense signal which is transmtted to a
conparat or which 22 conpares the sensed signal with a predeterm ned
acceptabl e range for that 23 signal. IF the signal is outside the
predeterm ned range, the conparator signals 24 the counter to increnent
the count by one. In this manner, the counter counts 25 and stores the
nunber of tinmes when the patient's condition (e.g., heart rate) falls 26
outside of a predeterm ned acceptabl e range. The count is then displayed
either 27 automatically or by appropriate neans for interrogating the
counter in order to 28 informa nedical technician of the patient's
history for that sensed condition. 29 Know ng the nunber of such events
whi ch have occurred during the course of




30 therapy, medical technicians can better adjust dosing rates and other
paraneters 31 in order to nore. e patient's nedical

condi tion. WO 96/ 30078 \ THIS SHEET HAS BEEN ‘
he pmmamvent jlon is NSy Wy to
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any parti cuVQ 9600E: | ot ransport

drug by el ectrotransport, the invention has g particular utility in those
devices which allow the patient to self-admnister drug. 4 Th this ctass of
devi ces, self-adm nistration of anal gesic drugs to contg .
represents an jnportant segnent. Thus, thegf QW ng ex Wﬁmmlﬂﬁﬂﬂﬂmﬁ a
6 preferred practice of the present invention. Those ski s of
7 electrotransport drug delivery will readily appreciate that- the invention

has nuch 8 broader app] i cat cific exanpl.e |ven h re| nafter
The exanpl e i *9 nerel glv ﬁ"i"&g%gf’ é'ins?‘??t e\ﬁrﬁgs &h may

be achieved in ptﬁérroamfheedaPaﬂsémmeﬂcﬁara?rspéﬁuemerﬁaeﬁae(1o?bymeansof

EXAMPLE 13 The fentanyl -contai ni ng donor reservoir is electrically

connected to & 142 defivepedevigasdispiayd %ﬁ@emet!m'eq:lwleg@@mtmthe@umqufer
reservoir i s & ecbjentAvhith doour 698AE bBfiod o e Ag;sgg@:hgﬁaou%a

cat hode. The el ectrodes are uctlve
adhesi ve stri trs, heingchdractetizegblys of the el ectronic 17 circuit board
assenbly. 18 h, of the donqr an rogel reseryoprs has a
nom nal surfacde 19 af@%pl@rmgz g Wf%@eﬁﬁﬂﬁﬂ@ °%§E‘¥F‘gﬁgﬂesar ea
of 0.15 cnferrd . FdeerdiPrt prédetdfhifbd FEMEN WhichCRRbRidithe Almber 8P driforf % of
fentanyl HC, approxinately 30% 21 polynmers and additives including

crosslinked p# yrayelestotheipypbgel integrity, and 22 optionally a humect ant
to inhibit wajer |oss and enhance shelf stability. The

12 2. The method of claim 1, wherein the predetermined regimen

13 correlates each on/off cycle of the display (14) to between x and y events, x and
14y each being an integer from 0 to 100.

15

16 3. The method of claim 2, wherein zero on/off cycles of the display

17 (14) correlates to no events having occurred.

18

19 4 The method of claim 1, wherein the display (14) is selected from
20 the group consisting of a light having lit and unlit states, an audible alarm having
21 sounding and no-sounding states, and a combination thereof.

22
23 5. The method of claim 4, wherein the light comprises a light emitting
24 diode.

25

2 6. The method of claim 4, wherein the audible alarm comprises a

27 beeper.

28

29 7. The method of claim 1, wherein the event comprises delivering

30 drug by electrotransport during a delivery interval. -
This Sheet Has Been Rep
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23 anodic electrode is a silver foil lamnated to a conduct
The anodic 24 electrode surfac 0 Drr[ err] ”m ﬁ"mﬂmmll
cat hodi ¢ counter reservoir cont |H§S§HE@TéﬂSBEWe

sol ution, i onal Ly buffered, And apRFBbdGER el y D% poI yrreWﬁ tives
27 incl udi nﬁ i nked pol ynmers Tor nydrogerrmegrity, and optionally a
humectant 28 to inhibit water loss and fillegs to enhance shelf stability.
29 The cathode el ectrode is a silver chloride material lamnated to

a 30 conductive adhesive. The cathodic el ectrode surface area i s about
2.30 cnferr]. 4 WO 96g3007%he method of claim 7, wherein the delivery interval is shorter than
PCT/ US96/ 03487 20 1 The fentanyl delivery device 1s a single use,
total l'y integrateth@penndeftuse: ransport device substantially the same as the
device 10" shown in FIG 2. 3 The device contains electronic circuitry,
l.e., a prlntea circuit board assenbly, a 4 nmechanical housing and
drug-contai ni ng hydrogel doThe mietteyof elaim B wherirbtheglefiod bPLsE ie-LpAL abbilti 220
counter reservoir for patient-controlled, on-denand 6 adm nistration of
the narcotic afal Q@Hfsc fentanyl, in the formof fent anyl 7 hydrochl oride.
The donor resegvoir is anodic and the counter reservoir is 6 cathodic. The
system has a skin-conpati bl e peri pheral adhesive |layer and is 9 worn-on the
upper arm or chest for 18 24Themethodrdf cldim 10wherein the Bventeomprrises a patient
circuitry, when activated t he nt rs a constant 11 DC current
to the el ectrofe/ ?’é@% @f%?enég‘ibyﬁ?%?ﬁ"é"eohﬁg delivery interval and 12
allows up to spx such delivery intervals per hour. Activation of the push
button 13 switch 12 is si gnal led to the patient by visual and/or audl bI e

signals. 14 10 Upoitt wolReimethed; W@aﬂﬁégs@@'u@ﬂgﬁﬂ@'wF%m
wi thin 3 secongs, t ers 240
mA of DC currggt P %@%eﬁﬁfgni%tgléP%tb%%(ggodﬂggg2%@5%{@%@%5@"5% ﬂﬂgre ogel
reservoirs intontact with the patient's

13 12. The method of claim 1, wherein the event is manually initiated.

14

15 13. The method of claim 12, wherein at least some of the events are

16 initiated by the patient activating a switch {12) on the device (10).

17

18 14. The method of claim 1, wherein the display (14) also displays when
19  aneventis occurring.

20

21 15.  The method of claim 1, characterized by displaying the count

22 between successive events.

2

24 16. The method of claim 1, characterized by manually initiating the

2s display (14).

26

27 17. A patient-worn electrotransport delivery device (10), including a

28 counter (18) for counting the number of events which have occurred over a
2 period of use and storing the count, the device being characterized by:

- This Sheet Has Been Re ﬂ ced
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17 skin for the ten m nute deliveryfrnterva. .l Qytiput cur i
during periods 18 between. active diu§ '@ 1%@1\*%@%&" l's (i H Mﬂ”‘ﬂ“ﬂll"l“l :
device is in an "of f' node). 19 The _battEFY reof bly a l¥theumceins =
type having a nom nal open-circuit battery 20 voltage of 3 SososiR9N

conpl eti on OVOPH® ninute delivery interval, the device g%’gut omatically
turns itself off and awaits another double pygss of the button switch 22 12
to initiate a subsequent drug delivery interval. 23 The count of

drug doses delivered during the 24-hour active life of the 24 device (or

ot her defined egarlier | wﬁws?ﬂeg dfsdl Pﬁe@g@ﬁ,

device is in aﬁ "of f" QNQ{?EFA?I)UQI%V en no drug |';m%gl%§gdy§’g rvere 8@526

el ect r ot r anspoz t ) cyciérbetween oniandoffetates according to/a predeterminedsegimes whithween
27 delivery interval s by.cyclin h ED "gn" and "of" (i.e., lit
and unlit) 28 81 afTolaps M?%ﬁ&ﬁ%r"&%‘?ﬁ"\éﬁ‘g?ﬂ%ﬁm i nki ng of the LED (or
t he beeping of4the 29 beeper) is interpreted as follows: No blinking of the
LED and/ or no beeping of 30_the beeper neans no fentanyl delivery intervals

have been init$ated siHe tThe devicasficlaimisswherein thep rrnedyagiman . one

blink of the LED :

PCT] USe6/ 03487° 2 1%%8 gaeh 6A%f cicie ﬁ%&h@@#%ﬁéﬁ@%ﬁ? epuean X, 2nd y eyents, X and

i nt erval s havez beyeatinbeing eadnteger ffonoO e 18ks of the LED and/or two beeps of
t he beeper neans that from6 to 10 3 fentanyl delivery intervals have been
initiated. N bPinks of the LED and/or N 4 beeps of the beeper neans than
from5N-4 to 5N fentany defre/device oFicRiindAl7swhérém Zero BRRH ciydles bbthedisplay VWO

96/ 30078 ] PCT/ US96/ 03487
10 (14) correlates to no events having occurred.

11

12 20. The device of claim 17, wherein the display (14) is selected from
13 the group consisting of a light having lit and unlit states, an audible alarm having
14 -sounding and no-sounding states, and a combination thereof.

15

16 21.  The device of claim 20, wherein the light comprises a light emitting

17 diode.

i8

19 22. The device of claim 20, wherein the audible alarm comprises a

20 beeper. |

21

2 23. The device of claim 17, wherein the event comprises delivering

23 drug by electrotransport during a drug delivery interval.

24

25 24. The device of claim 23, wherein the drug delivery interval is shorter

26 than the period of use.

4

28 25. The device of claim 23, wherein the period of use is up to about 24

2 hours.

- -
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22 d_AI M5 2 3 1. A nmet hod of displaying how many
occurred over a 4 period of use qQf.a-patl-gatovorn. ol ectrot ml’muﬂm"ml”“l —

delivery device (10) by nmeans of 5 T@,,g]ghgy\egxsw
met hod i ncludi ng counting the nunmber of fEpewerbs whi h occ Ut Sis03BE
peri od of uwm oring the counts—the—nethod—F=et'ng characterized by: 8

di spl aying the count by cycling the display 454) between on and off states
9 according to a predeterm ned regi men which correl ates the nunber of
on/off 10 cycles to the count. 11 12 . The nethod of claim1,

wherein the predeterniged éﬁ?dg%&ejofc@gﬁwl,ﬁgg&nQQ%angge@W§pﬁfmi he

et

display (14) to between x y events 147y each being an 1nteger
fromO to 100.2 15cdrsiition. : The nmethod of claim2, wherein zero on/off
cycles of the dlsplay 17 (14) correlates to no events haV|ng occurred. 18
19 4. 3The nmethod of claim1, wherein the display (14) is selected

from 20 the grpup conspati Mhedeviteldf Glaim 26 \Wwitgreinidach @dentoprisésia esnseah
audi bl e al arm havi ng 21 soundi ng and. no-souyndi ng states, and a conbi nation

thereof. 22 235 patient gonditionfaling pwiside s predetesmined @@Pei n t he | i ght

conprises a Ilght emtting 24 diode. 25 26 6. The nethod of claim
4, wherein the audi ble alarmconprises a 27 beeper. 28
7 28. The device of claim 17, including a manually activated switch (12)

s forinitiating an event.
8
10 29. The device of claim 23, wherein the drug is an analgesic.
1
12 30. A patient-wom electrotransport delivery device (10) which reads
13 - out device activation information, the device including a counter and storage
14  apparatus (18), for counting and storing a count of the number of times the
15 device has been activated, the device characterized by:
16 a display (14) having on and off states, the display (14) being connected
17 to the counter and storage apparatus (18) to display the stored count, the display
18 (14) being operative to cycle between on and off states according to a
12 predetermined regimen which comrelates the number of on/off cycles to the stored

: i



29 7. The net hod of clain11,-mherein the event conprises

delivering 30 drug by el ectroiransport—diutig-a delivery +ntervat WO~
96/ 30078

PCT/ US96/ 30487 23 1 8. The nethod of claim?7, wheperwssdnsasicl i very
interval i sWOMPM® than 2 the period of use. 4 9.  The nethod of

claim8, wherein the period of use is up to about 24 5 hours. 6 7

10. The method of claim 1, wherein the event conprises a patient 8
condition which is sensed by the devicd A40). 9 10- 11. The nethod of
cl.aim 10, including sensing and counting the 11 nunber of tines the patient
condition falls outside a predeterm ned range. 12 13 12. The net hod
of claim1l, wherein the event is manually initiated. 14 15 13. The
met hod of claim 12, wherein at |east sone of the events are 16 initiated
by the patient activating a switch (12) on the device (10). 17 18

14. The nethod of claim1, wherein the display (14) al so displays when 19
an event is occurring. 20 21 15. The nethod of claim1,
characterized by displaying the count 22 between successive events. 23

FiG. 1



24 16. The method of claim 1, characterized by nmanually initiating
the 25 display (14).._26 27 Az A patignt.iaorn el ectrotransport

delivery device (10), including a 28 counter (18) for counting the nunber
of events which have occurred over a 29 period of use a”driﬁﬂﬁbﬁﬂuﬁhe

count, the WQABBei ng characterized by: WO 96/ 30078

PCT/ US96/ 03487 24 1 a display (14) having on and off states, the

di spl ay being operative to 2 cycle betﬁeen on and of f states according to a
predet erm ned regi nen which 3 correl at €4 he nunber of on/off cycles to the
count. 4 5 18. The device of claim17, wherein the predeterm ned
regimen 6 correlates each on/off cycle of the display (14) to between x
and y events, x and 7 y each being an integer fromO to 100. 8 9 19.

The device of claim17, wherein zero
correlates to no events having occurred.
claim 17, wherein the disglay (14) i
consisting of a light havijng Iit an
14 soundi ng and no-soundi ng states
21. The device of claim 20, wher
17 di ode. 18

of f cycles of the display 10 (14)

112 20. The devfgt of

Al e gro

arm havi ng
16
mtting

FIG. 2 <

36

36 29




19 22.  The device of claim 20, wherein the audible alarm conprises

a 20-bheeper. 21 22 —- 23. _TIhe device. af cl ln the event
conprises delivering 23 drug by el ectrotransport during a drug delivery
i nterval . The device of claim 23, mhereln

del i very .ntgﬁé%Pﬂﬂg shorter 26 than the period of use. é%gﬁm

The device of claim23, wherein the period of use is up to about 24 29

hours. 30 TH S SHEET HAS BEEN WD 96/ 30078
PCT/ US96/ 03487 25 1 26. The deviddh of claim 17, |ncI udi ng a sensor

for sensing a patient 2 condition. 3 4 27. The . cl ai m 26,
wherei n each event ¢ ' s% a sensed 5 patient condit ; out si de
a predeterm ned rangem 28. The (;?é ce of clarmI¥, | Acl udi ng a

manual | y activated switch (12) 8 for initi I }Z /ﬁA 9.
The device of claim 23] wherein the d | PAFRAMETERS
e device o JCISar m erein th¢ drug is an anr%@_o AND K=0)

HAS
DELIVERY
INTERVAL
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B
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12 30. A patient-worn electrotransport delivery device (10) which
reads 13 out device activation Lnforpatiaon_ the device including a counter

and storage 14 apparatus (18), for counting and storing a count of the
nunber of thﬁémé“§%15 devi ce has been activated, the deV|gﬁTﬁF§ﬁﬁ%%erlzed
| ay (14) having on and off states, the display (14
belng connected 17 to the counter and storage apparatus (18) to display
the stored count, the display 18 (14) being operative to cycle between on
and off states according to a 19 predehéfnm ned reglnen whi ch correlates
: 9

t he nunber of on/qﬂvzgychfs to the stored 2
30 31

INITIALIZE PARAMETERS
(SET K=0 AND DELIVERY
COUNT=0)

glr

K = DELVERY COUNT

]
DELAY (eg, 5 SEC) p— 430

’s 402

404
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ON
406 Y
IS NO START DRUG
K< 1? DELIVERY
YES 426 416
¢ 418
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3
428 420
MNe=x-5]| n
DELIVERY COUNT
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¥
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.
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