Description Improved Apparatus for Electrically Mediated Delivery of Therapeutic Agents 5 Technical
Field The present invention is directed to an apparatus for delivery of prophylactic and therapeutic
agents to patients, and more particularly, to an apparatus utilizing electrical fields to deliver such
agents intracellularly in a safe, reproducible, efficacious, and cost effective manner. 10 . Background
of the Invention Prophylactic and therapeutic agents have long been delivered to patients using
various conventional routes of administration, such as topical, oral, intravenous, parenteral, and the
like. Once administered to the patient by the selected route, the delivery of the agent to the tissue of
interest and its beneficial interaction with the tissue is largely dependent on its inherent 15
physicochemical factors, but may have been facilitatedlby, for example, selected components of the
delivery composition such as carriers, adjuvants, feripang excipients, and the like. More recently,
the application of electrical fields has been shown to enhance the movement and uptake of
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macromolecules in livitgHsshesA Hlafesa LB BEEREAL fidd 2
administratign sz@uﬂﬁ(?&@&l%ﬂic or therapeutic agent can have'desirable 20effects on the tissue and/or
the agent to be delivered. épecifically, techniques such as electroporation and iontophoresis have
been utilized to enhanCRePESERIERiaR & Sirctipldr erornevairelyr dtlagents protisguaicSueh agents
e e e st a6 ERIEEH AL TR Of v
delivery of DNA vaccines fc\)ér‘g 25 prophylactic and Fﬁéar%—ﬁeﬁf%%ﬁ%ﬁaﬁf%ﬁﬁﬁ‘?ﬁ?‘%‘iﬁ@c@l‘@li%f‘?%f, nucleic
acid sequences encoding therapeutic proteins.  Many devices have been described for the
applicationi8f e Betkgrdulial a6 dre tissegibor the purpose of enhancing agent delivery. The vast majority,
of these have focusecRpimmeansiarafiesive ARRIcALR gggglgeﬁ{,%gglgealljiggg gsvggglgagggsrget region

of tissue. A'varietg of surface L. . L
: -+ conventional routes of administration, such as topical, oral, infravenons, parentieral, and the like.

‘Once administered 0 the patient by the selected route, the delivery of the agent o _thc tissue of
: ,ihterest_ and its beneficial interaction with the tissue is largely dependent on its inherent
15 ‘physic{')cﬁemicaf factors, but may have been facilitated by, for example, sélected components of
- the delivery composition such as carriers, adjuvants, buffers and excipients, and fhe Iike,

More recently, the application of electrical ﬁeids has been shown 1o enhance the
movement and uptake of macromolecules in living tissus. Application of such electrical fields in
tissue relative to the administration of a prophylactic or therapeutic agent can have desirabls

- 20 . effects on the tissue and/or-the agent to be delivered. Specifically, techniques sr;;h as
electroporation and jontophoresis have been utilized to eshance the delivery and/or uptake of o
- variety of agents in Hssue. Such agents include ?Emaceuti_cals, profeins, antibodies, an&
nucl_eic acids. Potential clinical applications of such techniques include the ciéiivery of
chemotherapeutic drugs and/or fherapeutic genes in tumors, the delivery of DNA. vaccines Afor
25  prophylactic and therapeutic immunization, and the delivery of nucleic acid séquences encadiog
therapeutic proteins. -
Many devices have been described for the application of electrical felds in tissue for the
‘purpose of enhancing agent delivery. The vast majority. of fiese have focused on a m;‘:axas for
. efféctive application of the electrical felds within a target region of tissue, A vaxiety- of surface
.30 . and peneirating electrode systems have been developed for generating the desired
eiectrophysiological effects. ’
In spite of the promise associated with electrically mediated agent delivery and the
_ potential clinical applications of these technigues, progress has been hampered by the lack of an



30 and penetrating electrode systems have been developed for generating the desired
eletrophysiological effects. In spite of the promise associated with electrically mediated agent delivery
and the potential clinical applications of these techniques, progress has been hampered by the lack of
an 2 effective means to achieve the overall objective of efficient and reliable agent delivery using
these techniques. -Significant shortcomings of current systems include a complex application
procedure, unwieldy device design, potential hazards for the user and patient and the inability to
provide a cost effective means for administration. 5Given that safe, effective, consistent, and cost
effective means for the administration of therapeutic agents am highly desirahle, the development of
improved application systems is well warranted. Such development should include a - means for
minimizing operaidrassosiat davirahiity endiebputing thifishiebrotdhe s setaRdie patient while
providing for acepmumodating heAiforences inRalsPL.Charagierstcs likely to be encountered during

gn of electrically medjated agent delivery. 3 Diciddtre Fthe-Invention

widespread clinical 10applicat g Y
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Agent Delivery MMB%%%@M@MEQ&ﬁ@mon‘sistent, and cost effective manner. The
present invention allowseff@etive.iemus culak:inl adermalsend/on 5. sURcWaS M administration of
therapeutic or p@é)%}gue%gic gngsegésng‘%g‘?hdas Lid%[% cids, drugs, antibodies, and proteins. In one
aspect, the present mvenifon provides an apparatus 16 the é’ﬁjmogf’%ﬁ’@’éﬁ?ﬁﬁél’ﬁ% weh
facilitates the intraEetefarsaetidersiomnsth bt droneans foprodetéring necksiteassociated
‘ variability and ensuring the safety of the user and the patient while providing for accommodating
the differences in patient chamcteristics likely to be encountered during widespread climi-cal

- 10 - epplication of electrically mediated agent Vdelivery‘



within the tissue of a patient. In this aspect, the apparatus will comprise a plurality of 10 penetrating
electrodes arranged in a predetermined spatial relationship, each electrode with a cross sectional area
contributing to the total cross sectional area of all electrodes, and structural means incorporating an
inanimate source of energy operatively connected to the plurality of electrodes for deploying the
electrodes, wherein the source of energy is sufficient to impart a force of at least 1000 pounds per
square inch-(0.7 kilograms per square millimeter) of total cross 15sections( area of all electrodes at the
initiation of the deployment of the electrodes. The apparatus will also comprise means for generating
an electrical field which facilitates the intracellular delivery of a therapeutic agent, which means is
operatively conne%ted to said electrodes at least in thei?deployed state. Another aspect of the
invention provides t‘ﬁ%"é‘b’ﬁ&%‘fﬁé‘%ﬁﬁ@ﬁuctural means configured 20to accept a fluid reservoir for

containing a therapeuti&aggm;mﬁw&hidhgrﬁmwﬁsﬁfyﬁﬁtétﬁé‘ﬂ{:%r&é&%é%?%rtrvi‘g;@rsnnﬁgfg ratvely

connected to at leaskoR&iNIGEHONALTICEmaRd GGluation means configured to tran %t%erapeutic
agent through the grifice to the deter?nﬂi_ne%%te v&iﬁ%;?ﬁrfﬁeé&q%es%ﬁlea St thE Pt 2wt aspects of the

invention include sugﬁvaeﬁ!f)aélpgfu§ COTTOT By bt eftettedprenstier apedtimagenyguid reservoir
subassemblie’s, eIt s sz mBies! empsudonpingtinehaseat k@ iclded Ara glude
means for primingutfteditstamagireamechanisms incorporated in the applicator upon inseértion of the

cartridge, identifying thg, madel.or type of cartridge that has been inserted, and protecting the user and
patient from acciggﬂta{uirgur&%ss%cia%gﬁfﬁvﬁ%% ﬁ§’5‘bvéd8%%@Bﬁﬁﬁ?é‘iﬁ@?@@*ﬁéﬁiﬁémﬁhs@e@ts of the
invention include’such a‘bp%%‘fﬁ?sc%ﬁf?&ﬁ?‘élﬁﬂﬁ fehpyeen ef tidsapationgdit anprekgenamics:of the
Applicator (i.e. tH&iSePiteact) ipfignh Uimibéraofosoyis e BARIMAIE S U GR.QkENGraY can be
positioned ddngsidentiRdblidrane Al 30aS:i0saduse {he, 4, overall length of the apparatus, and
improve its ease, . ployment of the eIectrodesé%tli'laérgygﬁ?ﬁlfﬁfg%f&e%f’fﬂ%etﬁ%eutic agent,
. ' Sy%ﬁl 8 %COM ?ﬂ . & oy s .

as well as the creation of the electrica _le%? Ca AR TS Eontberew RFrl drattdactivitiontrigger.
Further, safety ift&H0 CREORAT Ei5ieNdRapirpis gource of energy operatively cornected to the plurality of

electrodes for deploying the electrodes, wherein the source of sﬁsrgy-is sufficient to fmpart 2

farce‘ of at least 1000 pounds per square meh-(0.7 kilograms per square millimeter) of total cross
15 sectional area of all clectrodes at the jnitiation of the deployment of fhe: electrodes. The
apparatus will 2iso comprise means for generafing an elecical field which facilitates the
infraceliuiar delivery ofa thegpautic agent, which means is operatively ézonnec,ted to said
electrodes at least in their deployed state,
Another aspect of the invenﬁon provides the apparatus with structirral eans configured
20 to accept a fiuid reservoir for contaéniug a therapeuntic agent, or with the fiuid reservoir itself,
' _ whm‘a the reservoir is operatively connected to at least one injection orifice, éngl actuation means-
- .configured to transmit the therapeutic agent through the orifice to the predetem;tine& site within
~ the tissue of the patient.
Other aspects of the invention inclnde such appatates configured to accept replaceable
25 therapeutic apent flnid reserxf'oir subassemblies, electrode subassemblies, and a cémbinaﬁon '
~thereof. Also included are include means for priming the automated mechanisms incorporated in
ﬁm .agxplicator upon insertion of the camidge, Identifying the model or type of earitidge that has
| been inserted, and p_rbtecting ihe user and patient from accidental injury associated with the
usage of the apparatus.
30 | Additional aspects of the invention include such apparaﬁis configured to improve the
fimctionality and ergonomics of the Applicator (i.e. the user interface) in a number of ways, The.

-Inanimaie source of energy can be positioned alongside the fuid reservoir, so as to reduce the



included to reduce the risk of accidental discharge and inadvertent contact with the electrodes 5and
fluid orifice. Further improvements can be included lathe design of the fluid reservoir, such as the
utilization of a vial, such as a glass, polycarbonate, polyethylene, etc. vial, as a means of utilizing a
dry, e.g. lyophilized, therapeutic agent and a fluid supply, and allowing the separate components to be
mixed just prior to use. 10Yet additional improvements can be included to render the apparatus more
readily adaptable to a wide range of patients, e.g patients with widely differing body mass indices
indicating a range of the thickness of patients' subcutaneous adipose layers, or the need to adjust the
depth of the predetermined site in the patient. Such improvements can include, for example, a depth

gauge for adjustln%the( q‘erlo R)of the penetration of the eﬁectrodes and orifice, or the use 15 of different
length and/or diameter elaetrotel A B QA STRTEIUR & st ofiife rdin derlgtham dfgauge-eigyringe

needles. Brief Destipdavnistatiendfawitigepeutio agﬁmgumaalwﬁw@&wg@@@i@&gém%(%%&mr

Cartridge and Syrixg#nafiaa amgemgm%éptgg@@% %t}ésk;s)ft ﬁsent invention in an

exploded view; na,%qozré Aucstrtgé%ssktg aCa&tr&g{g of the embodiment gure S&&bled with the
fﬁgaﬁﬁﬁﬁgé?ﬁ?l’@%’ﬁﬁﬂ’@@ PSYith e alosteeibly of the

Applicator; Flgur 3.Is a cross sectional view a
embodlment of Figu g‘ﬁ/\‘?ﬁﬁ‘fﬁe insertion and injection spring mechanisms primed; 25Figure 4 is a

cross sectional view of #retipplipatomoititensrinorivemtief Famer iR {i8dnsartion, ang injection

spring mechanismsBetisH i e fRth as R SoR IS BeGIOS anal view of the Cartné‘ée of the
embodiment of Figyge 1 with the 6&/ ringe in: g|'j‘nser§tc(»a%’d 5 Detafle o% %‘ SRSt N e RS A Glizing
.VDP 2 pewtic agent and 2 flaid suppiy, and allowing the separate

- components to be mixed just prior fo use,
S LI Yet additional 1mprovemenis can be mc;iuded to render the apparatus more readily
adaptable to a wide ranga of pafients, e.g. patients with widely differing body mass indices
i mdxcatmg a range of the thickness of patients’ subcutaneous achpose layers, or the need to adjust
.. the dapth of the predet”‘rmmt’:d site in the patient. Such i Improvements can include, for example,
- .+ a depth-gauge for ad_]usnng the depth of the penefration of the electrodes and orifice, or the use
15 of different length and/or dlameter electrodes and orifice simcmtes, e.g. different’ ength and

gauge of syxmge needles,

Brief Bescription of the Drawings.

- Figure 1 illustrates three.components (Applicator, Cartridge and Syringe) of an
. 20 embodiment of the integrated apparatus of the present invention in an exploded view"

Figure 2 ilustrates the Cartridge of the embedlment of .F1gure 1 assembled with the
Apphcator

Figure 3 is a oross sectional view of the Applicator/Cariridge/Syringe assembly of the
embodiment of Figure | with the insertion and infection spring mechanjems primed; ’

25 I‘zgure 4 is a cross sectional view of the Apphcator of the embodzment of Figure 1 with
’ ﬂw msarﬁmn aud injection spting mechanisms not primed; and

Fipure 5 is a cross sectional wew of the Carfridgs of the embodiment of Frguxe 1 with the
Syringe mmgerted.



The present invention provides an integrated apparatus enabling Electrically Mediated Therapeutic
Agent Delivery (EMTAD) to be accomplished in a safe, consistent, and cost effective manner. The
present invention allows effective intramuscular, intradermal, and/or 5 subcutaneous administration of
therapeutic or prophylactic agents such as nucleic acids, drugs, antibodies, and proteins. In one
aspect, the present invention provides an apparatus for the delivery of an electrical field which
facilitates the intracellular delivery of a therapeutic agent to a predetermined site within the tissue of a
patient. In thic aspect, the apparatus will comprise a plurality of 10 penetrating electrodes arranged in
a predetermined spatial relationship, each electrode with a cross sectional area contributing to the total
cross sectional area of all electredes, and structural maans incorporating an inanimate source of
energy operativeBeedehBetedrtiothe flefalitytifelectrodes for deploying the electrodes, wherein the

source of ene;lgy is sufﬁ@igﬂ;ﬁggt@@ﬁgg@ﬁg{ml {%%%Q%meé}gglﬁg%ﬁg%m}jmé%g kilograms
per square millin Mtal crass 15 ' ea of all electrodes at the-initiation of the
deployment of tﬂ?%?%g%%% e‘%ﬁgg gﬁ%?ﬁ%%@%viﬁ%%gc%ogl Iipgsrlligg FEis BEERR ARS8 AN electrical field
which facilitates BB FRENehal omveny B enticerilsen sBestienwinlshutere tradgrogeratively connected
to said electrodesiarisastindnéiisdeployetisinteicnoiherhspesialkthenay emianpayides; the

apparatus with stsgbidial m@m%nfigured 20to accept a fluid reservoir for containing a therapeutic
agent, or with the quidlﬁ%ger\éoir ital(;lf, where the reseryoir is operatively connected to at least one
injection orifice, and actUatiOn e anE CORHGL Rl TP PRREHAR TRt Sy it iger it elseH®ie orifice to
the predetermin&gi&raichifpqiites flesintaofiargolivenr ot Hermspictgeof thepmiantiomdntitide such
apparatus configeitiid te neaept ipplreeabigi2bsiber apaybicagamtiildidresepeinsybassemblies,
electrode sypassempling-A0ska-combinaionaleal Al nchuded s Induyde means for priming the

automated mechanisms incorporated in the applicator upon insertion of the cartridge, 1 eahtifying the

model or type of EAVATHRtHATHESHERRH R SMtdtf-reristinhty e abgledrmdpeandntasrraccidental
injury associate&%itntrerosdige wf itheapp sratuxi30Additontldgpetisef thedpaatigninclude such
apparatus co nTigieceekite féﬂﬂégg@ﬁ@%&mﬁ@e@j%@% ggmpg;%m%_é@ﬂigﬁt&rigﬁnt e user
inerface) in 2 e 910 Y 5] B ARRIMAIS S9U1%6 PLENSIGY gan,be Poglioned alongside the, fluid
reservoir, so as.to reauce the )
- 15 sectional area of all electrodes at the.initiation of the deployment of the electrodes. The
* apparatus will also comprise means for generating an electrical field which facilitates. the
intraceliular delivery of a thezapentic agent, wiﬁch means is 6pemt_ivély conmected 1o said
electrodes at least in their deployed state. _ | ‘
7 Another aspect of the invention provides the apparains with structural means configured
20 o accepta fluid reservoir for containing a therapeutic agent, or with the fluid reservoir itself,

where the reservair is operatively connected to at least one injection orifice, and :;thaation- means

configured 6 transmit the therapeutic agent through the orifice to the predetermined site within

the tissue of the patient. - |

Other aspects of the invention include snch apparatus configured 1o accept replaceabie
25 therapeutic agent fluid reservoir subassermbiies, electrode subassemblies, and 2 combination

thereof, Also included are inchide means for priming the automated mechanisms incorporated in

the applicator upon insertion of the cartridge, identifying the model ot fype of carﬁidge that has

been inserted, and protecting the user and paﬁént from .acci;iental infury associated with the

ugsage of the apparatus, ,

30 Additional aspects of the invention include such apparatus configured to improve the
functionality and ergonomics of the Applicator (i.e. the user interface) in a number of ways. The

inanimate source of energy can be positioned alongside fhe fluid réservoir, 5o as to redace the



6 overall length of the apparatus, and improve its ease of use. The deployment of the electrodes and
administration of the therapeutic agent, as well as the creation of the electrical field, can be
implemented with a single activation trigger. Further, safety interlocks and shields can be included to
reduce the risk of accidental discharge and inadvertent contact with the electrodes 5and fluid orifice.
Further improvements can be included in the design of the fluid reservoir, such as the utilization of a
vial, such as a glass, polycarbonate, polyethylene, etc. vial, as a means of utilizing a dry, e.g.
lyophilized, therapeutic agent and a fluid supply, and allowing the separate components to be mixed
just prior to use. 10Yet additional improvements can be included to render the apparatus more readily
adaptable to a wide range of patients, e.g. patients with Q/vldely differing body mass indices indicating a
range of the thicknees:bipatientibespboutansclisacipisetayeise.oTiba-preqda adivsidhadepth 6f the

predetermined snteﬁatamagamyﬁta HRRERYGERIS.CamInC WdGfor expmp! dauge for
adjusting the depth of the atlpn of thgaele(:tEr‘é(‘;%esgufgé rifice, %rrt?he uses%%g%?faerent ength

and/or diameter elec]fro%es and bHfRE RS EY gﬁﬂtﬁrﬁh‘;g‘ﬁﬁﬁéﬁwf %%iht’Fge needles.
In general terms, tH& WW%@W@FW&@WW@W%WMW@@@M&N a
therapeutic agént amiklelé¢ettizal fields to a predetermined site within-the skin and/or skeletal muscle of

a patientin 8 manner hat GG SRR e hif AR BR800 e . perator ang the patien
ca

One embodiment of_the, apparatus comprises a single use sub ssem and-held
"applicator”. The SIRGTE 088 &%&%ﬁ)ﬁ%@?ﬁéﬁ’%‘%%@Sﬁﬁ@%@ﬁté.'tﬁﬁr?@ %W@%@é?ﬁ%ﬁmrest at
least one orifice tHrétighanbiatitiredatiernpistdaitvared tdithbspatnntdoaidwing be spareelectrodes

capable of propagaiing®iectsicakiieldsuishin thedissue. The hand-held applicator interfaces with the
single use ca{gldge andi,l&%(a orates automa e\,Jaln mec&te%rysms,to lgrl) de Io the eIthrodes to the

OHal ¥ GVE!
target tissue site, (2) position the orifi ICe relative 10 1 arget iSSe §ife” 5agent from the

reservoir through A& BPHER ¥idameer e pafigus. %@@%W(@Yé@y@&b@ﬁbﬂ@w@sﬁrom a
suitable pulse gerefattnie theeiddicobieluess ofjittaty mpertaindisipciors.ss be w@wa@ﬁtween

agents which are @g m&?mtedaa&aﬂta £Q£ praphyasticpurooses and.agents wh %;:e 1S
administered for ther eutlc pﬂgrg{p S r[%e the)'{gntext of the present invention suc rlwats are

considered to be sgg%tazﬁtlgﬁy eqava PSR WEFé‘?ﬁ“ﬁ@’fﬁ@?é’p‘@ﬁh@h‘&éﬁ% unless
otherwise inditated Silsp fergd Etﬁhb@ﬂﬁéfﬂt@ccﬁndW@Weﬁemm%mwgpmme@gﬁmﬂoved
apparatus for safexeficasitus andiseproducible, transcutaneous intramuscular (IM) delivery of

therapeutic agenti W|th ﬁ'%ﬁ?@aﬁ'%@@%&%ﬂ@%{%% 20t Pellver QEMTAEA f5%1 epecltlc _

embodiment of aré §a¥t cﬁLunlt for transcuganequs IM applicatiohs is Nustratec |gures 1-5. The
istS'of d Mai g‘p%?

apparatus cons TRETARRRELEH T6T I Jlfserpartcammd siee dhip B genmircartridge)
200. The cartridgétcEbmigtired todtritide mrusefiaic tiictmtairpthécigenttbshe adihistered prior to

delivery. Thetesepeaitvitkiin.gasignathaswansirusied ippmaintainiheaoaniitua siphleanyironment
and prevent contamipalion. k8., .4 peia “appiicator”: The single use sub-assembly integrates a reservoir for

containing the agent of interest, at least one orifice through which fhe agent is delivered to ﬂlﬁ

© patient, and two or more electrodes cap&ble-of propagating electrical fislds within the tssue,
The band-held applicator interfaces with the single use cartridge and incorporates automated
25  mechanisms to {1} deploy the électtpdes to the target tissue site, (2) position the orifice relative
o the target i:i_ssua site, (3} transfer the agent from the reservoir through the oriﬁce and into the
target tissue site, and (4) reliay elootrical signals from a suitable pulse gensrator to the electrodes,
Although certain chsimctxons can:be drawn between agents which are administered to
‘patients for prophylactic pm—poses and agents which are admiistered for therapeutic purposes, in
30 the context of the present mvenhon such agenis are considered fo be substantially equivalent and

- will be. referred to herein as therapeutic agents; unless otherwise mdicated.



10reservoir is operatively connected to an orifice through which the agent is administered into the
patient Most commonly, the reservoir and orifice are comprised of a syringe connected to a hollow
injection needle 300. The cartridge encloses the electrode array and includes integral automatic
protection.against unwanted contact with the electrodes and/or the orifice/injection needle (i.e. "stick
protection™). 15The applicator 100 incorporates a spring mechanism for automatic insertion of the
electrode array and the injection needle into the target tissue. The applicator also.includes a separate
spring mechanism for automated controlled therapeutic agent injection through the incorporated
syringe. The applicator incorporates a means to allow electrical communication with a suitable pulse
generation device capable of controlling the treatment &pplication sequence. 20 Most commonly
electrical commit digedigns iBnaehigved through a conductive cable and connector. A trigger 101 on the
applicator is utilized to igjti . ment. Einally a system for id ntifi(in the inserted cartridge and
'setting the treatment gr;}{aé%%?g%%%gse?Srnmfhdgsc&gr%me%saﬁ%r\%se%ﬁﬁa ﬁ@%ﬁ%ﬁ?‘?%lntegraﬂon of
agent/syringe with RaHFAYe ﬁ?ﬁ?@@f@ﬂ%‘f}“&@&}ﬁ%ﬁ@%i%g"w tHitiorenemes axome suis fiecadtministration
of the therapeuticdvgisist dbempriging genebeiivaly @hdTatipast one orifice through which the agent is
administered have been gesgithagolhcipigaknracling ofis RGVigHsly disglosed invention it is
desirable to integgﬁg&g@e% means fqzrjsaci[pgnistraggn of Ih(\aﬂ‘gherapeugic agent (?%%ervow and orifice) 30
with the cartridge. Integrating the admin Stranon Meana Witk TRE Laiiraeficaten GomsHfy wretgrscedure
by reducing appaf SIS RafiitrRidariRgaahPs s mndiing cafimiso inyploveseperasbrand patient
safety by eliminatimgaicbabesstickbhazatdaanthiosageresar S iearalionrd alsg mRigyes the
accuracy of the pggdeterminadishalial fe%&%@%ﬁ@{%ﬁ%&% %ﬁcgteg%%%fionflce and the electrode

array. _Ti}gre are er%g.veral Suitaple em ogiments_ of integrating the means 0 %@‘8’?& Lfninistration
with the single use cartridge. 1he Gartiage CAARE A gHeR o i tieesen isyaniestrmd imeelite as 5the
reservoir and orifEEt ier spamrith coneeviiensy ohiffe rasdeehdniegeatbgdeniimibecariridge that the
integration is permamﬁﬁaaieﬁm&aﬁmﬁmtqgéaﬂga@galgmgs@@gQimg@%ﬁg%%p%% and

1
cartridge and redyeg the nassibility of needle stick injuries, The syringe can be an o_ﬁ“_-t%e--_theft syringe
that is loaded with the agzgﬁ[?prio'r 0 the 39%% a r%t?r(ijfs‘ft?galt%?ﬂeﬁrco P RS Bie5H0B f-the-shelf

syringe allows oR& S agEEIRAGEHREN to deliver numerous
15 The applicator 100 incorporates 4 spring mechanism for automatic insertion of the

' electrode arvay and the injection needls into the targettissue. The applicator also includes a
separale sp;ing mechanism for automated controlled ﬁ:ergpeuﬁc-agant injection through the
. iﬁcurporatgc'i' syringe. The applicator incorporates 2 means to allow eléctrical communication
with a suitable palse generation d_evice capable of controlling the treatment application sequence.
20 - Most commonly electrical communication is achieved through a conductive cable and connector.
A trigger 101 on the applicator is utilized to inifiats the freatment. Finally a system for
 identifying the inserted cartridge and 'setting the treatment parameters based on ﬂlé.cartridge 5

provided in the applicator.

25  Integration of apent/syringe with cardidge. -

n preﬁousiy disclosed devices of this nature, 2 means for administration of the
ﬂlerap.eutic agent comprising a reservoir and atf least one erifice throngh which the agent is
administered have been described. In clinicai praciice of the previously disclosed invention it is .

. desirable to integrate the means for administration of the therapeutic agent (reservoir and orifice)
30 with the cartridge. Integrating the administration means with the carfridge can simplfy the
procedure by reducing apparatus handling, Reducing apparatus handling can also improve
operator and patient safety by eliminating needle stick hazards .;md dosage errors. Integration



10 agent and dosage combinations. Additionally off-the-shelf syringes are readily available and cost
effective. The syringe can alternatively be pre-filled with an agent and packaged with the cartridge.
Utilization of a pre-filled syringe reduces. the possibility for dosage errors. Additionally a pre-filled
syringe does not requite a plunger extending from the proximal end of  the syringe- to manually load
the agent Elimination of the plunger extension allows for a smaller 13 apparatus that uses less
material and is more ergonomic. Another embodiment of integrating the reservoir and orifice with
the cartridge is-to incorporate the reservoir into-the cartridge design thus eliminating the need for a
separate syringe. It is preferable that the cartridge be constructed of an inert material to prevent
reaction  with the agent. Suitable materials include; béit are not limited to, glass, polycarbonate and

20 polyethylene. hdsidairaiste to stonespertainagesisincyaphiizes.slate IR dmRLQYE.shelt life. Such
agents are mixed witfica AlURNMIRIGAIQ-APMinistration. A dual chamber reservoir where &eﬁophilized

agent and the diluent arel,gct%regggvég&s%%?rate chambers can also he utilized for saCh agents. Prior
TRRRE FRSFTA Al desrEna she kesmron A ot 28ivissingjcaf the,

to treatment the separation betwaen the
agent and diluent. R ditglnase sptidato Thvsawdder the hantiers is 2SAREKMaNehAL IS manually
opened. Anotter Shitaiskevaiepart atitit] Silstniibng m&@fé@%ﬂ{g@hﬁgﬁg@g@&%@%&%hen adequate

pressure is appliedat@itiae dilugniehamber, such a dyal chamber reservoir can be incorporated into the
cartridge, Atﬁdpecifice bod%n%l%nt forpirﬁr(i:‘%m‘r?'zg\ﬁj%in%e e%‘%%%%%?‘h‘ﬁ@ﬂ’ﬁ'&ﬁﬁﬁ%ﬁaﬁém the 30

cartridge is herein descnbed. SR AR BaRASHENRS eevdin ik thissive ey simgesangineedie
300 for the adminfétf&kBH -fedénmieshe biifided Fie bangidgeia0d s configerQRGCERL e, Syringe
and locate the ne&kiézattifics in ﬁpﬁ@dﬁgﬁﬁm@é&k@%ﬁ@%&h&%@% glectrode 9 array.

C

Furthermore e Gagridagds.sanfigured with tabs 224 that lock the syringe 1n place Bnce it is
inserted into the cartridge, Dgrg%/e Meuéﬁgxﬁsi'srﬁﬁsé&g | ﬁéepé” TSSEo s ARRRhs arssiebiremiiitable as

inanimate scum.as of 8hargy 139ALEA R slEenEmds tre:ifijedtivh neadie h pughatieskimand into the
targeted treatmerfetigdere Hhtizatoo 16anjedlitde aganiditeyab hamnesdic shsamprgssed gas powered

mechanism is ona&ﬁﬁ&ha%ﬁtﬁﬁeﬁlﬁﬁgggg@%%iﬁal mechanisms such as solenoids, linear motors
and lead screws a%ésﬁ%ge%g%%gﬁgﬁ}'ﬁéﬂ wever the p_refeflr ec EE’?’S%%%%?%&?WG&%‘@I%UO%

and inj ectioq : ¢ agent. Blimination of the pltinger extension aliows fora smailer
R o F apparatus that uses less material and is more ergonomic, o

‘ Another embodiment of infegrating the reservoir and orifice with the dari:—idgs . 13 )
Incorporate t;fg}e reservoir intocthe cartridge design thus eliminating the need for a separate
syringe. Itis preferable that the cartridge be constructed of an inert material {0 prevent reaction
with the agent. Suitabie materiale include; but are not limited to, glass, polycarhonate. and
- 20 polyethylens. ' ’ '
Itis desirable to store certain agents in a lyophilized state to improve shelflife.. Such
- agents are mixed with a diluent prior to administeafion. A Gual-chamber reservoir where the
Iyophilized agent and the diluent are stored in the separate chambers can also be utilized for such |
. agents. Prior to treatment the separation between fhe chambers is removed or broker: to aﬁcv;r
25 mixing of the agent and diluert. One suitable separation between the chambersisa stopeack
.. valve that is manually opened. Anoﬁmfsuitéble separation is # fin film or a check valve that
. can I‘ae: opesfad when adequate pressure is applied to the diluent chamber. Such 7 dual chamber
- reservoir can be incorporated into the cariridgs, '
A specific embodiment for integrating the means for agent admirdstration with the
306 cartridge is herein described. The specific embodiment niifizes an off-the-shelf syringe and |
jzecdle 300 for thp administration reservoir and orifice. The cartridge 200.is configured to ac.cept |
the syringe and locate the needic orifice ina predetermined spaﬁal relationship W'tth the electrode



10 needle insertion is the spring-based mechanism. Electrode insertion mechanisms require
sufficient force to rapidly penetrate the skin and implant the electrodes into the muscle. ItaPid insertion
can reduce tenting of the skin at the insertion site and thereby reduce deflection of the electrode or
needle. Electrode deflection may distort the electrode array and effect treatment efficacy and patient
safety. Needle distortion may 15effect co-localivation of the agent and electrical fields. So it is
desirable to insert the electrodes and needle rapidly to minimize. deflection. Additionally rapid
electrode/needle insertion reduces patienteliscomfort The.energy storage and discharge '
characteristics of spring-based mechanisms are well suited to enable rapid deployment of electrodes
and inje,ctionmeedles into tissue with minimal distortion.. 20insertion and injection mechanisms for
transcutaneous appticalictisraise fequirdisufficieft:imadihmanon{ tromg: tociniplapiiibeislacizodes to
the target treatmepi-depihandda.iiscttagprescribed volume / dose of agent Spring mechanisms are
preferred since they can achieve adequate linear motion in a small and lightweight package.

Additionally springs mechanisms do not require electrical or gas connections, they do not require
consumables suo%ﬂé%ﬁﬁé&@%ed 25 gas canisters and finally they are cost effective.

Automatic/Passive SprifigsReimieg:rl mAdthougi el tinstionateharasiRiistissandeostaffactiveness
make them prefeiable. ugkall.SRIOLMECIR AN BOUIERITIDANEIAY i5 e dmparied,lo and

stored in the spring 30 grior to actuating the treatment sequence. Previously disc osed devices of this

nature require that the TSEF BRAGEN, BRHEIHT BeetPar-terHiss ts S wiverrd Bty RTeieRan ek prior to
the use of the deviEeraPheltistivoeduirvd mishenehided: mealrsdidsaltomaticatynd ipdssiveluprime the
spring 10 mechanisactipniinserion ot fha-eattitend08 meihe porlicaiasd s desirable that
the priming ¢f the, spfing mechanism £ spring priming’) be accomplished in conjunction with the
insertion of the cartridge 200 into the applicator 100, In addition to simplifying the procedure,
automated/passive springy EIthifG aresatirmiRe e sibisen Secrsimvilemnetala bt panmmy 5 the
spring. A variety fnémefigizbdimeshanibamiscbn Bedmployecin theappanstusite ascarplish
automated sprinnmm mﬁm%ﬁmg&a{ya@@éﬁﬁr@rﬁ%@e@@%)lfeéﬁag.r_%%éié@W&égg%{;’ a”g a
means to transfet.en rom the energy.source to the spring(s). Insertion of the cartridge into the
applicator activa%%‘}tﬁ?et};?ge&gr eagng” fgé%ﬁg%eaa%é & %%%a%f’éraggé PSR RE B n AIF 8 S REien TR
spring(s). StirceEst enborglizatioesahrtaatand cietientifiddunceisicifrsiodic buisms thotiintiede to 10
compressed gasusolenibidspilcielantritaldetattivbasedineih apimesorodApiefetiadonetheg and
apparatus is to Ulilize: e iRserion.and.alachpaent ehihe £arridas <00 ie dhe appligator 100 as a

means to passivelgc%%ilme the spring mechanisms during cartridge insertion Into the ag‘plicator -
.Ul <

! TS arﬁ,]“égg gﬁﬁa éoeebaﬁ)}ﬁ flﬁ.ald deployment of electrodes and injection needles into

"cartridge priming
tissue with minimal distortion.

20 Insertion-and injection mechanisms for transcutaneous applications also require sufficient -
" finear motipn (throw) fo implant the electrodes to the target treatment depth and to .inj‘ect the
~-prescribed volume / dose of agent. Spring mechanists are preferred since they can achieve
adequate linear motion in & small and lightweight package. Additionally springs. mechanisms do
. "not require electrical or gas connections, they do not require consumables such as compressed
‘25 gas canisters and finelly they are cost effective. o

Automatic/Passive 'Sm:ing' Priminge
Although their fiunctional characteristics and cost effectiveness malke them preferable
overall, spring mechanisms require priming. Energy is be imparted to and stored in the spring

30 priorto.actuating the treatment sequence. Previonsly disclosed devices of this nature reqoite that.
the user actively petfor & sepurate siep to prime the spring mechanism prior to the use of the -

" device. The disclosed invention incindes means to automatically or passi'veiy prime the spring



method provides the benefits of the described invention while eliminating the need for the 15 additional
priming mechanism required for automated spring priming. This simplifies the apparatus and reduces
cost without sacrificing ease-of-use and safety. In embodiments where the cartridge is utilized to
prime spring drive mechanisms, there will be means to apply force to the injection drive mechanism
through the cartridge without depressing the spring plunger and ejecting the agent from the syringe.
Additionally, since the 20 operator applies force to the cartridge to prime the spring mechanisms,-it is
desirable that the apparatus.incluclemeans to prevent accideratal deployment of electrodes and/or
needles during Me insertion of the cartridge into the applicator to prevent needle stick injtuies,
Moreover it is desirable that the means for stick preven 8n also prevent damage and/or contamination
to the electrodes afieFaisellordufimeribriniiios fEikitby 260 suchtanmibodment thers-dstasiskthat the 25

operator may. relﬁmmmgfgggg@ Q@@gg&fpp@lﬁ{g}gﬂ;@@g& J@%m@g{eﬁqg%gg n%rﬁg ns‘;‘%gagwspring
energy ejecting the capridge from the icator causing injury and/or damageto the apparatus.
Therefore it is desirablﬂ%gpﬁrme%ﬁc?gc?@e@r?%l é‘]g%%%ﬁ%%gflt@é E{%?f}?dté“é‘.m SERHE B8 S REcsrABdiment is
presented in FigurE&Ea Gzt eviing Rrewa dinidirsriea franebisintindifirosaiskiited jrthe art will
appreciate that théspesific/nechanismeisethioBiiachiayecaricon PRGNSR NALS B,

convenience and thalhifig4se.ethaligrRatye mechanisnsdorachieving cartridge priming does not
depart from the scope of the dg%cribe% invention. In the s%%cific?%% fgéf&%ﬁt%%“gé?’%éﬁ%ﬁ%‘r&ﬁ{ the
cartridge 200 and apphicator 100 SR HRHEE LI R Hrememigsnornehesttiizriserted into

the applicator 1004 ZRELseeTRet ARty Stisetitdne in fvampnviing oientatien;aileastane eantlevered
extension 202 of themaiirisige-engageshednocionhdtiveeshaniss: LR Imnats heAming
force to the n@@ch%@gyg@&&g@g&@&n&&@g&g&@&ig@ ag%m c%gitl?cting the syringe plunger 302. This

specific 5provides stick prevention and protects the electro é%?%ee(ffzésfrom damage/contamination
during priming by main AR anatid A aemmi s Cadlirs Srdetedorad strbowivhifthe cartridge.
Snap tabs 222 inctipératéeitinte drplisartrittfeprevent theaelbeisosteohul 820 fiormamaving.ayally
relative to the carsisigRcialiarchlaangd thershy: Maintaindhe.plestreslesinesd m%%ggggcted within -
the cartridge. Furmﬂﬁt;g&%gg&ogé%g@gp n d’Lch ggg&ec&ionés Qvided b%‘ acap overthe distal
end of the cartridge, The cap_238 IS removeg prior to f?eg?ﬁlé?n %}:?pel‘ .glgl%?é?%‘?f/,tbcﬁe capis
constructed p%ﬁ?@@%ﬁ%ﬁlﬁ‘?ygﬁ%%Wﬁ@fﬂé%éd@méemocﬁp‘mm@mmidge is
designed to mininnzeavenisiedicontiniiation-ddfidghanding hhe efegirode hub 220 engages the
insertion drive. mechaniggafand ransferschadrningfos aapliedito the cartridge collar 210 to the
insertion 15 mecgﬁ?t%m ba‘l;lg'tg(fv?n%o%cc;tld&ntal‘ ejection of the cartridge during priming, this'specific
embodiment incorporates one-way &ar-SpringYatehe ﬁB‘W‘ﬁﬁiﬁ&%mg’é%W‘W@%amidge to
be inserted lathe §5PRiTHS BriaPuag e e prévisatie fsmebrifgmemoyattor Ajéttied!p, thatakientation. A
ratchet mech@inisprisrangther fsuitablnrnesngde prvens assidenalaisstionaltiesaitidge. When the
cartridge is com %Ma@&%%%%@&ﬂ%@éﬁ%ﬂ%&%%%@ e?(t:gtgod&_s and/or needles dusing
‘ the insertion of the cartridge into the applicator to prevent needle stick injuries, Moreov;e,r itis
.. tesimable that the means for stick prevention also prevent damape and/or contamination to the
eléctredes and needle during priming. Finally, in such an entbodiment there is = fisk that the:
25 operator may.re?aase the cariridge before completing priming, This may result inthe stored
- spring energy ejecﬁng the cartridge from the applicator causing injury and/or damage to the
apparatus. Therefore it is desirable o prevent accidenis] i?jection of the cartridge.
One spacific embadin;ent is presented in Figures 1-5 for achieving the invention of
cariridge priming. Thase skilled in the art will appreciate that the specific meclianisms used fo
.38 achieve cartridge priming are a:matter.of convenience and that the use of alternative mechanisms:.
for achieﬁng cartxidge priming-does not-depart from the scope of the described invention. In the
specific embodiment described hergin; the cartridge 200 and applicatbr 100 are configured so



20 latches 112, 122 capture the insertion and injection spring mechanisms and maintain them in their
primed and energized state until they are actuated during treatment. A solenoid actuator 114, 124 is
attached to each latch 112, 122 and when activated displaces the latch and releases the spring
mechanism 110, 120. Upon completion of the cartridge insertion and spring mechanism priming, the
cartridge 25is twisted 14 turn to complete attaciannent of the cartridge to the applicator. In this
attached orientation the cantilevered extension 202 disengages from the injection drive mechanism
110 freeing the mechanism to act upon the syringe plunger 302 when the injection mechanism is
released. Additionally in this attached orientation the applicator depresses the tabs 222 and frees the
electrode hub to move &daily relative to the cartridge,léo the insertion mechanism can 30 advance the

electrodes and néetite wisigt RéMechanisnnistel tased applResions: & salingsimareved User
Interface Factorsodmie:racics:afhe Mienion: £I00nomifs.Andman fagiore play g significant role
in consistently pr%wdlarg%ggge and gfectlve agent ag%QLnlstratlon. The size and shape o apparatus
used for agent adminiStration HPRCHER PREHATS L AN Lrsdihs wieradsre sniemeisaifectively deliver
the agent to the Efotastiaadite medksrieni fableatissidesiguafitheapparaissfadiitate accurate
positioning of themippimattsdiwidespip pRiiasation godeyientatiensdpiapel,positioning of the
apparatus can affggthathihe safety and offi e treatment, . In addition to the human factors
associated with Ehi%égggrg the size ‘andq;%pé%é)geﬁ %%h%é%\%neg%%nga gg"lﬁ?ﬁéﬁ%&éﬁiéﬁ%@ééﬁance. A

S
device can be thiSateRing 1o i EHE D SHREF B2 RoErrrrisd jueitmprrges maveatforiestigiestive of a
weapon, or is otFéréAs&dmtmviviag aefallieteio e ihisdeRigabldidhziothe: devioe haswafern factor that is
both ergonomic aatdeshHIreAlSI Btracted within the cartridge. Further stick and contarnination
10 protection is provided by a cap 238 over the distal end of the carfridge. The cap 230 is removed
priot to freatment application. Preforably, the cap is constructed of puncturs ;esistarﬂ; matz:-,rial
and the i'niserfac_c; between the cap and the cartridge is designed to minfmize the risk of
" contamination during handling. The slectrode hub 220 engages the insertion drive mechanism _
120 and transfers the priming force applied to the cartridge cotlar 210 to the nsertion
{5  mechanism. To prevent accidental ejection of the cartridge duriné .px.’i.ming, this specific
: en;bodimc::nt- incér;)orates one-way leaf-spring latches ‘130 inl the applicator that allow the
cartridge to be tnserted in the priming orientation but prevent it from being removed or ejected in
that orientation. A ratchet mechanism is another suitable means fo prevent accidsatal ejection of
the cartridge. “When the cartridge is completely inserted into the applicator; two spring-actuated
20 Iatches 112, 122 capturs the insertion and injection spring mechanisms and maintajn them in
" their primed and energized state until they are actuated during treatment. A solenoid actuator
134, 124 is attaci':xed to each latch 112, 122 and when activated displaces the latch and relea'sas
the spﬁng.ﬁzechanism 110, 128, ’
_ Upon completion of the cariridge insertion and spring- mechanism priming, the carhi‘ci@
.25 istwisted ¥ turn to complete attachment of the cartridge to the applicator. In this.attached
orientation the cantilevered extension 262 disengages fron the injection drive mechanism 110
freeing the mechanism to act upon the syringe planger 302 when the injection mechanism is
reieased. Additionaﬂy in this attached orentation the applicator depresses the tabs 222 and frees
the electrode hub to move axially relative to the cartridge, so the insertion mechanism can

30 - advance the electrodes and needle when the mechanfsm is released.



In previously disclosed devices of this nature, the drive mechanisms have been arranged cc- linearly
and in series with the cartridge. This results in a long and unwieldy device. The described invention
utilizes one or more drive mechanisms arranged in parallel with the cartridge 15 and the line of action
of the electrodes and syringe. The parallel drive mechanisms can be arranged co-linearly or in an
offset fashion. This parallel arrangement yields a more compact, ergonomic and non-threatening
apparatus. One specific embodiment employing offset parallel spring mechanisms isZescnbed in
Figures 1-5, however, the invention can be adapted to achieve a desirable form factor utilizing 20 other
spring and drive mechanisms. tPor Stance the spring may surround the electrode array or syringe.
Additionally the mechanlsm may utilize mechanlcal advéﬁtage to increase linear motion or force. In the
specific embodimeRe#ius fasbidh i FreneaSideOintheiagaetion and injection spring  mechanisms are
positioned within the apgqug Al t artridge. The 2%’6orce and motion of the
spring mechanismg is Irarlﬁ%fe%r%g t?%ﬁggcﬂ%ﬁg%}? ?ﬁr%% md%l\ﬁgh a“r%rh _TL%SEI AigrEReH FHFbugh the
applicator and interface with The. Sardict H@@F&%‘ﬁ’fﬁf&ﬁﬂé@m Bt eirisshepd dlieed for use in
clinical appl|catlon@WW@’W@?ﬁ%Mﬁﬁm&ﬁaﬁmw&m&h&ﬁa%&m&@;&@ﬁ@%@@%@e

prescribed for & givitriagbniciidaan amployingEM TAR. e 100se: &gkgﬁggggg%%ncl?}%%mtlned by the
volume and concegisation lectrode army configuration and thé efectrical field
i b (A C{q& . %agffdﬁgm(ﬁﬁ?ﬁ?f SeeefietpdsEipmaternumber of

parameters applied to the tissue. 13 ncluéllng aveto

pulses). In order t0 e FEFAPHRE P éméﬂ@téﬁﬁl@é ol givierifoatiertithepraper electrical
parameters will-be convByadditionthctisiisgensatonsidtheudohidhis: ag, laR ascamplished syauah user
input, such a systes M@lﬂﬂzﬁﬁé&)ﬁ@aéﬁ%&ﬁa@gswﬂg&g%@tﬁgﬁlt% g%za&do s op: Jlr‘%??%

at

condition. 5 khergigig;ibisidesifable:to provide an automated means osagé recogni
minimizes the risk of a hazardols operatifity condition 2Pom of is otherwise intimidating. Therefore it is
esirable that the device has 2 form factor that is both ergonomlc and non-threatening.

In previously disclosed devices of this hature, the drive mechanisms have been arranged co-
- Hinearly and i series with the carridge. This results in a long and unwieldy device. The
described invention utilizes one or more drive mechanisms arranged in paratlel with the cartridge
15 -and the fine of action of the electrodes and syringe. The parallel drive mechanisms can be
© . aranged co-linearly or in an offeet fashion. “This paraliel anmgement yields a more com.pact,
. Brgonomic and nan«threatemng apparatus; :
One spemﬁc emboidiment smploymg offiset paraliel spring mechamgms is-described in
Figures 1-3, however, the-invention can be adapted to achieve a desirable form factor uiilizing
.20 other spring and drive mechanisms. -For instance the spring may surround the elemrode array or
syringe. Additionally. the mechanism may utilize mechanical advantage to increass linear
motion or force.
' -In the specific embodiment iflustrated in Figures 1-5, the insertion and mjectron slmng
mechanisms are positioned within the applicator paralle] and offset from the cartridge. The
235 Force and motion of the spring mechanisms is fransferred to the cariridge through drive arms |
116,126 that extend through the applicator and interface with the cariridgs,

" Cartddge Ydentification ‘ ‘
In order to.be well suited for use in clinical applications, an BMTAD device should
36 accommodate the range of doses that may be preseribed for a given agent. When employing
EMTAD, the “dose™ of the agent is determined by the volume and concentration administered,
the electrode army canﬁgm'atmn aud the clecirical field parameters apphed to the tissue




Although there are several automated means for dosage recognition a preferable method is
accomplished in conjunction with the insertion of the cartridge into the applicator. In such an
embodiment the electrical signal parameters partially determine dose are determined by the 10
cartridge that includes the other two dose parameters (agent and electrode army). It is also
desirablethat the treatment sequence cannot be initiated until the electrical signal parameters are set.
This assures safe and proper attachment of the cartridge to the applicator. In previously disclosed
devices of this nature, programmable integrated circuits and other relatively expensive means have
been described. In order to be well suited for commercial application the means for 15cartridge
identification / electrical signal parameter recognition shiGuld be cost effective. In particular the

components of thdﬁdénﬁﬁ&aﬁ%&ys%m@%ﬁ@@ﬁ%@@g&gdaﬁﬁqm@pggg‘rﬁgegf espes that are part of

the single-use carttiglgg. should he £ost effective, . . One skilled, in the art will recognize that there are
several suitable means fqr cartridge idezntl‘%g}ationa/gewg% r?ggfgfaﬁﬁﬁ“%&%ﬁﬁ@rﬁa%@m@’Hﬁéans include

optical bar code , SOidaRt: B SH SHETRHfe L 1Tenes Fisgae heyventisoatibnngh theisasesaihar code

identification the bFEBcRowbehberialifikea orcimprinteli ontarie RasdGeARdIREaRder Would be
Dgaf{;squn_der would be
r

integrated int6 theteppiedier deie ePsewid adiodisguancy identification the. t

integrated into theygartidee;and the g%zf%\éer would be incliaé(glné?frﬁs ?ﬁ%”éﬁ‘foﬁ%’gio "BLETEIEB the

receiver would be tuned only to receive e radio ?ﬁ'équency signal when the cartridge was 25 properly

attached to the applica@?@ﬂ%ﬁéﬁ%mmwmiﬁmi@@m@ftdmmgmétg{ggg&n. the

applicator that mayaseouipisbetirhenjtheicariitge issiser E@%e@%ﬁ@é%f@t&i&?ﬁ&gpq closed switches
ct:

would determine tasinerianl signal.Pasalais.Jhs.andiches could be ele Do/mechanical, |
\%Ei:ch " For exaemplga%%gygr% OUERE tftATiPRtRY dien contact

opto/electro gy any ofher suitable. sy :
pairs in the zﬁj)pli(‘:atpiagoéalgs %uﬂﬁﬁs P B Sa erEree (reatiped dless wauiidys 260 to close the
contactpairs wheffifiebldidse netmmalciseerrostrenapplitdtor diain Bchikaysiemwilhidantify. sgven

electrical signal paramétesssetingspysdiea-eRemeonirRchRals Will indicate when a cartridge is not
described mvention wotlid also

ttached. 14 In it in} inistraf]
?acilitate the useaﬁgafm&??] %5%%%?55?&%%&%‘%r%%mﬁﬁa%gég\%@hwm require
different electrical %agﬁ%ﬁlgg’gcfodﬁﬁpé@e%ﬁé‘é?ﬁ%bﬁm@ Refostabiedlgikmentierithans for -~
15> carividge identification / electrical sigual parameter recognition should be cogt effective. In
particular the components of the identification eystem and the associated manufacturing
processes that are part of the single-use cartridge should be cost effective. '
One skilled. in the art-will recogﬁize that thers are severel snitable means for carfridge
' identification / electrical signal recognifion. Suitzble means inchude 6ptica1'ba{ code -

20 . identification and wireless radio frequency identification. In the case of bar code identification
the bar code wonld be afiixed or imprinted omo the cartridge and the reader would be integrated -
inton the applicator. In the case of radio fgeque’ncy identification the transponder wonkd be '

' integrated into the cariridge and the receiver would be included in the agplicator, Preferably the
receiver would be tuned only to receive the tadio frequency signal when fhe cartridge was

25 ‘-:proprériy attached to the applicator, Another suitable method ié to utilize 4 series of digorete
switches in. the applicator that may be closed when the oerfridge is inserted. The pattern of open
and closed switches would determine the clecizical signal paraineters, ‘The switches could be
electro/mechanical, opto/electro o any ofher suitabie switch.'

F. or example one embodiment ustilizing three open contact pairs in the applicator 100 is

30  illusfrated. Conductive tape 15 affixed to the cartridge 206 to close the contact pairs when the

: cartridge is attached to the applicator. This 3-bit system will identify seven electrical signal
parameter sett%ngs plus three open contact pairs will indicate when a cartridge is not atiached,



Efficacious, consistent, and safe application of EMTAD for intramuscular delivery relies in part on
treating a consistent volume of muscle tissue. However, there is a significant variation between
patients and treatment sites in the subcutaneous fat pad thickness that is penetrated to access the
targeted muscle tissue. In one study, (Poland GA, at al. JAMA. 1997 Jun 4; 10 277(21):1709-11) a
range of deltoid fat pad thickness from 3.7mm to 35.6mm is reported. So for given electrode array
size, the volume of muscle tissue affected will vary depending on the fit pad thickness. Additionally the
thickness of tissue between the skin and the bone also vary significantly between patients and
between treatment sites. So an electrode/needle length appropriate to treat a large patient may

impact bone during insertion into a small patient. 15Eléétrode contact with bone could cause injury to
the patient and/or I¢ ediifdrdistofinitetiel edtrotie=inegoan thetisetindiniyvapg wilicacy efdhedreatment It is
therefore desirablesimpiawide £ meanss/asAdistinaye.danth ol.slecliadsibenls penclration based
on the treatment s&%?ge%%g}%gca%@%omy._ Inhthe 9 Seng yention, an adjustable rin %40 over the
distal tip of the present’ invention TREAMELIRE reesSeE e penetration depth. The ring can be
adjusted axially relative to the cartridge 200 tip so that the length of the ring that extends beyond the

distal tip of thé appdiatiseredueesthegngth of electrode/needle that penetrate into the patient The
specifc embodiment lygialedlin Fiauiss 4:54lizg.Adard. shaped ing lhat snaps ino discrete

axial positions. To magtdif)élts‘ position, the major axis ofthe diamond shaped ring IS € m%f%léﬁed
causing the 25 minor axis f’é‘r@ﬁﬁﬁﬁﬁs‘ﬁﬁﬂt raleag afmsdin B s it theig & aimifiensitabha
embodiment is a 15fpthattisthred dedeonteithrdodberitigetipranit: can tekadiuste dshydfreadiag the ring
back and forth oretheoastrigged Hhisembodiment W&&%&@Rﬂgfﬂﬁ.%ﬁﬂyw@ﬁfu%fdepth adjustment
positions. 30 putemptic/PassiMe, R e of. Tugger Safet Inadvertent release of the primed
insertion and injec??gﬁizpring ri%ecﬁlgaégli%si%sﬁ%lgr%?ggé tﬁ%ﬂf%%‘fl’fogsﬁsr% fﬂ%egé%%ﬁgeg@%?ﬁ andr damage

to the device. It i€ HEFRISFEUESTEL RIS IR o srssictyus afinidriievenionmddentfiraisase of the
spring mechanismes! ttdbprefediiifiertiatisuibviasateiseysiomepieventaea denialraleass of the spring
mechanisms duestgnindiamaliaus s.such MbratiR-ARd-anagt Additionally, the. opeyatar may

inadvertently ,ac_tia\llpatrg tga%t eggnt]g t secLl,Pler%ce when handling the device, so it is also preferable that

the safety s ste_r%ge ent b Activanenior the FrodtRmSh8s JiancssriRseiesaalpatitetoroperly applied

to the treatmant SEEPRiEtpI At hescard reare iive i Giossan atdbwiterctidrdsm énteafficaey. Fur

instance, the devigeyisdesirabifeapplieditate irnimenisitenihaspaLaiadons fo.assuigdhat the

electrodes/ncedmnengiial e N HIG: UsstiEnns ikaieasined depli, Bisiorably e, saiely system i
t [

automatically angn Qt%gl:;,ivel‘y-deactivated when the device is applied to the treatment “With

' in the present invention, an adjustable rihg 240 pver the distal fip of the present fnvention
- 20 modifies the electrode/needle penetfation depth. The ring can be adjusted axially relative to the
. cartridge 200 tip so that the length of the sing that extends beyond the distal tp of the apparatus
. reduces the length of electrode/meedle that penetrate into the patient. The specific embodiment '
- illustrated in Figures 1-5 utilizes a-dizmond shaped ring that spaps into discrete axial positions.
‘To modify its position, the major axis of the dismond shaped ring is compressed causing the
25  minor axis to expand and release the ring from the caxtridge. Another suitable embodiment is &
.-ing that is threaded onto the cartridge fip and can be adjusted by threading the ring back and.
 forth on the cartridge. This embodiment allows for a ;;onﬁnncus nomber of depth adjustment
positions. ' '

30 Automatic/Passive Release of Trigaer Safety | .
' Inadvertent release of the primed insertion and injection spring mechanisms can result in - |

injury, loss of thérapeuﬁc agent and/or damage to the device. It is therefore desirable to provide



10 adequate force. Automatic and passive disablement of the safety system does not requite a
separate operator step. In addition to simplifying theproceduit, automated/passive safety disablement
also eliminates the possible failure mode of not deactivating the safety system. To ensure that the
electrodes/needle penetrate into the tissue to the full-prescribed depth, the minimum force with which
the device is applied to the treatment site (the "application 15force’) will exceed the force necesSary
to insert the electrodes/needle (the "electrode insertion force"). The electrode insertion forte is
dependent upon several variables, which are disclosed in detail herein below. By way of example, a
typical electrode insertion three may be 23 pounds (11.1 Newtons), therefore, the tnininatnn
application force would be 2.5 pounds (+I 1 Newtons).Preferably, a margin of safety would be added

to the insertion foscessp shearplisstiondassa.2mouldbe Qﬁﬂgﬁ%gh%s%&@dzt % %e‘éa%‘?g’tﬂ]t‘r’su%h 22.2
Newtons). Prefer%lg%{h rgww&d ggg}ljgal& {orce MI not exceed a force that the operator can
comfortably apply to the }’Seatl%ter‘i3 aen preferrsd rﬁ%’@’&‘fh’i‘@ﬁ%ﬂﬁé"(ﬁ’é‘& Freamsf system is

herein described. "RAETA %%bﬁﬁﬁc«éﬁﬁ‘%@ﬁt%&%@ﬁ’é e drinicahéroptid® physitaktytprevents the
latches 112,122 fremwe8 dise ngatingisamithadiserionpiat-anciniectiand LAsRriRg.mechanisms. The

connection betwegh e aRRlicAIIHAaRERRd G %Iﬁgvggnsepr%tor is m?er&tgl ed open l&/ an electronic
switch 142 theret%‘\ﬁwger ntmgtﬂi |dental actlvatlon of the treatmen S uence & internal
h r

mechanisms of t ga’f’o AR AR A SUAR BErm r65cad Breisanatatiedriivan
extended posnlor*f‘ﬁ?s’éa?ﬁﬁﬁ@’ﬁ.fhm ﬁemﬁﬁé@wﬁhem@:apm icator andihesextassaka@: housing.

The spring is eqq&h&mﬂa&mnﬁé&f.«rﬁd spplisatinndance diger e ARNALA E%éf%y’g}@mlgd to the treatment
site with adequatg, \ ring farc thgllnte cator IS ceposmoned within

the outer ho sing 102. Lit h|s posmon the safety systems are

repositione ?ela "5 ﬁ?&?at‘%ﬁ'@?%ﬂ?d’?ﬁﬂ@“e‘i‘ﬁé%ﬁ@ﬁﬂéﬁI%W@W@ﬁ%@%&@lﬁ@#rom the
insertion and injeersHsngHechaniddisnRFustvelifyoreitheretettrgniaawitalpd4d-camacts the outer
housing and is cm@@&raél@mﬂagme‘ui%%fp’&swm&m%%&Wﬁ%&ﬁ%&w ?%@%&%@r ?Qé’ $jnitiate the

treatment sequence. SIEIect d%m%rr ?ﬁ}lo pr|n Forct%/&a%e Electhod(i:' insertion mechanisms
require sufficient force forap ra e In an ° ssue 10 the full-prescribed depth,

the minmum rce w:th which the device is applied to the treatment site {the “application
15 foree™) will exceed fhe force necessary fo insert the electrodes/needie (the “electrode insertion
‘ forcs”). The electrode insertion force is'dependent npon several variables, which are disclosed ‘
-in detail her:_a?;i below. By way of example, a-typical electrode insertion force may be 2:5 pounds
{11.1 Newmns), therefore, the minimum application force would be 2.5 pounds ($+L.1 -Newzons);
Preferably, amargin of safety would be added to the insertion foree so the applisaﬁcn force
20  would be between 3.5 and 5.0 pounds (15.6 —22.2 Newions). Preferably the required
S app!idaﬁon force will not exced a force that the operator can comfortably apply to the treatment
site, - ' -
A preferred embodiment of the disclosed safoty system is herein described. - Within the
applicator 100 at least one mechanical stop 146 physically prevents the latches 312,.122 from
25  disengaging from the insertion 12¢ and injection 110 spring mechanisms. The connection
betweon the applicator trigger and the pulse generator is maintained open by an elecirotic switch
142 thereby preventing accidental activation of the treatment sequence. The internal
mechanisms of the applicator float axially within an outer housing 162 and are maintained in an
extended position by a spring 144 acting between the infemal applicator and the external
30 - housing. The spring is equal fo the preferred appﬁoaﬁon‘force.-; When the apparates is applied to .
- the freatment site_ with adequate presswie to.overcome the spring force,l the internal applicator is
repositioned within the outer housitig 102, 'Tni this position the safety sysems ate disabled. The



implant the electrodes into the muscle. Rapid insertion can reduce tenting of the skin at the insertion
site 'and thereby reduce deflection of the electrode or needle. Eleetrode deflection may 10 distort the
electrode array and effect treatment efficacy and patient safety. Needle distortion may effect
co-localization of the agent .and electrical fields. So it is desirable to insert the electrodes and needle
rapidly to minimize deflection. Additionally rapid electrode/needle insertion reduces patient discomfort.
The energy storage and discharge characteristics of spring-based mechanisms are well suited to
enable-rapid deployment of electrodes and injection needles into 15tissue with minimal distortion.
Several variables influence the spring force necessary for rapid intramuscular electrode insertion
including electrode diameter, number of electrodes, sthCing between electrodes and electrode tip
geometry. For intrémGstizl sapésiddnddDrelativa maoin éliebtsoge didometensvasn e kehe025nmm td 1.50 mm
and typical electrgde, array configlirations senipkEOpRILAlaa0d8sm20. Jheiaresgquired to
insert the electrode‘%lilrgxzs Wigﬂg gl*neS(te ranges IS gro%grtg)rg%al to lzqc;éh the Iectrode,ditaemeég&and to the
number of electrodes. Fof (fg’l‘ncreagi%efhéa SIS o de Hamer s oF‘ﬁ%Fe%%?ﬁ‘ﬁ“tlf?écﬁuﬁ“ﬁb P of
electrodes resultPiragrineiemad bitite thaimtumtregesree insertion force. Electrode spacing on the
other hand issnversely proportional to the spacing between electrodes. Due to the interaction of tissue

that is displaced ag the.elecitoge.is 29 !ﬁﬁgg&geﬁ@éller electrode spacing result in higher insertion

force. Typical EMTAD @pparatus, iIncorporating arrays of penetrating electrodes utilize an .
intra-electrode spacing BN PR ErRTEr TRERSaR &ee S’f‘ﬁ?@]é’lgﬁi%gﬁtﬁ@eé‘m‘bf‘fﬁng the
army and more ciwmlmg iy ASta0aimtodhoramds. Rithimsbridorangesdharsitinidbthyddactior of displaced
tissue and therefgie-@leGoce: sRawne M arsimAl giiecsiordhsonsediominiag: Guitingelpsirode tip
geometry s prefegisdo 30 minizs nserion aise, Biinl ad dialing i ORATE, oguires inoreased
insertion force. — EXperiments are Carrie I out to determiné minimum spring force/rate necegsary for
rapid percutaneotfeffiitaleitics Yibersad spdsiartisabieid serdth drrisrbrde frser g elsreadsropriate
17 for intramuscukal repiiticgtidin ohidTAalieckvithidditing ltipbie cirodes/iseimiuatéo: Edechelectrode
array is implanted,ifie apareipe Medalandhe.min muRSNIRA JOrcR.N6ESaYdedrapidly penetrate
the cutaneous tissu%and imtplanﬁ‘th %égltgctra e rgq@xev;{(i)thoeu sigpif&c nst gligtoré(i} nisd ermtined.
Because of the fé‘}%ceaé*%é'??élaﬁlﬁag%’prlngedlecrea es as fﬁ%%r?érgef 155 ele 8880 fom the %Iporing two
results are diveniTae TiBmiipal fifiedion-the beginning of the spring stroke and represents the
minimum force necessss#yetal paidlsaiaithaceiiapaigFiissuesdhe Seepntis-dnestareeatdheend of the
spring stroke a”%@H&ﬁﬁ&%ﬁ%&%&é%ﬁ%&@(&&&&ﬁ&%ﬁ%ﬂ%d@%ﬁ%@&@&%E@é&%ﬁé@&ﬂ“fOUgh the

sub cutaneous and muscle-tissue. Because the forces are dt-%[%gn efnt lg%on the electrode diameter and
the number of elSEFEYELRRETBEGItS SF P GRBHRES o P TB PRSP Pt i EsdatE % area of the
electrodes in thel¥aym ThbSesatenihiditetetnipde rimimenticaf 6000 pinimblsro? fortelyserdyuare inch (
0.7 kilogranzs perissitaiercpiipieienaf erossnastionn ainm al-alessadesapdhrbeginoing.eof the
imptant stioke ang &N ofa Q0 RONATRAIGLCERE! SALRIRINCRL. ddoladiamsper sauare

millimeter) of cross-sectional area of electrodes at the end of the implant 'stroke is desirable to implant
the electrodes. IfieEF t8HSARSeAERSHOTSIRIT Shel FETRIBta-GEIS By BBt hE A SERBHES an initial
implant force. of atg@astinseriion force. Elecirode spacing on the other hand is inversely proporfional to the

spacing between electrodes. Due to the-interaction of tissue thet is displaced as the electrode is
25 - inserted smaller electrode spacing resultin higher insertion force. Typical EMTAD apparatus,
incorporating arrays of penetrating clectrodes utilize an inira-clectrode spacing at least 10 times -

greater than fhe diameter of the elecirodes camprising the array and more commonly 15-20 times .
" greater, Within this range there is litfle interaction of displaced tissue and therefore .electm'da
spacing has minimal effect on the insertion force. Cuiting electrode tip geometry is preferredio ..
30, mmnmze -.iﬁseri;ion force. Blumtand dﬂatmg tip geometry requires increased insertion force.
- Expéi:im&n.ts are camed out fo determine minimum spring forcefrate necessary for rapid
- percutaneous hxﬁgmuscnlar electrode implantation. A selection of electrode arrays appropriate



2000 pounds per square inch (1.4 kilograms per square millimeter) of electrode cross sectional area
and a terminal implant force of at least 750 pounds of force per square inch ( 0.5 kilograms per square
millimeter) of cross-sectional area of electrodes is preferred. By way of example, an array comprised
of 4 electrodes, each with a diameter of 0:02 20 inches would have a total cross-sectional area of
approximately 0.00125 square inches (0.8 square millimeters). Thus a mechanism for deployment of
the example array would require a minimuin force of 1.25 pounds (5.5 NeWtons) to achieve insertion
and more preferably a force of at least 2.50 pounds (11 Newtons). In embodiments where the spring
mechanisms are manually primed, it is preferable to 25 limit the force of the springs so that the
operator can comfortably prime the springs. A preferregylimit for spying priming is less than 15 pounds
force (67 Newtong) For embodimen sprin chanism is rlmed separately the
maximum fome ffcr)ra %Bﬁﬁsgc%rlsg%gﬂlr? S ( tgf!ﬂgs%-f g‘e%? ?5%"%%65%813 (efte where the

insertion and injeBGePpTIRY inwatarhdde éﬂ@mﬂd%ﬁﬁﬂél%@mmwwmm force
preferably will notapidie pehdini3ErpoundsuGitshienians)nfliB-Apert A dministetinneSacng Force/Rate
Several vanablesigmmé%@@cmaw@mm@a%@w @%M&%@@%@e yariables

include, agerét wsclos cros %sectlonal are of the syringe, nee i%e cross-sectignal area of

orifice(s), and tis§Ue r%cm B e SRS S TR "of%%%ﬁﬁt%%ﬁ%i’“& FARSERRE B fifnum spring
force necessary fFmdiFiRisetiroreeia pe micimye fvis 025 poundsiiits ewtonsys mmrabéy the
injection spring feseenisinabaaerdirilde posnds tdk- 42 MOWLaRS)e Althoxottheduncti

characteristics a%%&%fégg%g%%u&%e&% r‘}ltg%ggg ap}aeﬂg‘@s%@ m, gn es, it r%b ;era le overaII

the:impact of the drive mechanism onto the syring UNger can create a water bammer-effect The

force wave genePREYFEHRIRESHBHICE 4K 5%4 WﬁBH@?Ffﬁé%gﬁ@Wﬁ At @ eige #iid result in
damage to tife syatiegd broadetilel drspadicnthrrstaiidarttatadticmbe dtesh (s maysdrabisorsplit

causing the ageatedpak befoss ibisaampleio aﬁmm&ﬂ@(@ek dhdsdbereiaedesisabla o gamp the

impact energy of the drive mechapism witho ffectlnc orce rate of a nt injection. There are
108 drie mechanism witl a#habc

several means to damp the impact ener |ve an i ﬁ%"%‘éﬁé’%% position an

energy absorbinBPHTStEdta BehatiEdns %@Hf?@?‘ﬁﬁﬁ?@@i‘%@?’&h@@% PrRSCISetionn 1B6 of
Appropriate enerpyiakisosbingendatttialsyinelmels it saarldt linitgahtanelasiomer sissehy as silicone and

polyurethang ang&lRsedscell Qsﬂ%&ﬁ@ 9&9@9&%&%‘&4@@&%&9311 initial imwplant force of at feast

" "2000 pounds per square nch (1.4 kilograms per square millimeter) of electrode cross sectional

~area and a temlmal implant force of at least 750 pounds of force per square inch { 0.5 kﬁograms
_ per square mﬂmeﬁer} of cross-sectional area of electrodes'is preferred. '
By way of example, an array comprised of 4 electrodes, each with a diameter of 0.02
120 inches would have a total cross-sectional area of approximately 0.00125 square inches (0.8
' “square millimeters). Thus a mechanism for deployment of the exam;ﬂe‘ array would require 2
minimuin force of 1.25 pounds (5.5 Newtons) to achieve insertion and miore preferably a fores of
at least 2.50 pounds (11 Newtons). ‘
In embodiments where the spring mechauisms are manually primed, it is preferable to
25" limit fhe force of fhe springs so that the operator can comfortsbly prime the springs. A preferred
hmit for spring pmnmg is less than 15 pounds force (67 Newtons) For embodiments where
each spring mechamism i is primed separately the maximum force for a sprng is 15 poxmds {67
" Newtons). However for those embodiments where the insertion and injection spring
~ mechanismy are primed simultaneously the combined spring foma preferably will not exceed 15
30 pounds (67 Newtons).



absorb the impact is gas/fluid dampening to slow the rate of the drive mechanism_ Such an apparatus
requires that at least a_ portion of the injection drive mechanism displace a gas or fluid 20 through
..small bleed hole in order to move forward. Preferably the gas is air and the bleed hole is timed so
that the dampening or is less than the dampening produced from administering the agent through the
injection needle. In such a case, the gas dampening will only affect the rate of the drive mechanism
until it contacts thesyringe at which point the dampening produced from  administering the agent
through the injection needle will be the limiting factor affecting agent 25administration.
Automatic/Passive Stick Prevention Post treatment the electrodes and injection needle present a
hazard for needle sticks and transfer of blood borne pati8ogens. Therefore it is desirable that the

apparatus includeg jatedral30.stick fralesiramjoreover it is desirable that the stick protection is both
automatic and passive. @uto atic stick ‘ro%e?c%lon will eliminate possible injury when manually
imi

deploying the stick protéction an R BoRi AR STRE S LRt e B RS sl fTBSANG the stick
protection. 19 Prefsidiyinghien eeshiaiiorithesticropiotdotiondfibhuessza medngafgelaoking in place to
prevent possible seriesneadieTudaieglingdhestinkaotealinR-enee i has SeRIaNeu.: BRe preferred
embodiment of aryintegral.a iC locki L tian is presented. H ver gne skilled in the
art will appreé?f n_ter{?rgl]at Other%%%?%%%%%%gkggﬁ%ﬁ?%ﬁ%ﬁé%ﬁng g%egfésc(%ll\ge? TRE hdcific
embodiment herelh &8 HEe ity e APSTERSRIEIE 19550 FHbatramd bl L aridy & et netically
extends over the electrddionzbddidnasithelcamciambveddrom diiehatanbf ACRYRRSSIONR SPring 252

within the cartridgadspesitianed ppRsimeletha sickshiel brtyeendbaslick.shigld,and the electrode
hub 220: As the eéﬁ%%r&%e. hcl[.!eg agv@%%%g%gyy Lé{inﬁlg%ectrode/needle insertion the spring is
compressed, Whén the elecirodesneedle are 10 removed PosrireaTiiant ot thEPATi&Rt, the spring
extends and¥xte A FEcerr e nsnl vidia e svdranedrastiCadamase thdsdieingeotivesdhield is
completely extengaticizerstheiatosiroides-drduisatieceshiieyicdutabsiendhe stick shigidsnap into
corresponding oras kel 219 RAI0RSRA SIS le £XERdsg pasiion. 15 Single

S
Use Users may attempt to reuse the single yse cartridge to save costs ofF to apply an off label
agent. Reusing tr%afé%a’i’r"rsl ﬁ%?&%aﬁcr?é’ﬁt%%5ﬁf2ﬁfea?¥&g§ﬁ§é’§l&%?'the treatment For instance coatings

on the electrodes that FRyesEeFazetme e rbibe snptiiity nidy dotwithstanshmbitinieuses co the
treatment may pradusesacteadise sy Etﬁ?éf‘ﬁaﬂ%iﬁ@fmﬁ@ﬂwm&@'ﬁmﬁ}@iﬁge plunger 382 and drive

mechanism 116. .Appropriate energy dbsorbing materials include but are not limited to

cEA

- elastomers S_tfch-as silicone and polyurethane and closed-cell foams. Anather suitable means to
abgarh the imﬁxact is gas/fluid dampening to slow the rate of the drive mechanism.. Such an
. apparatus requires that at least a portion of the infection drive mechanism displace a gas or fluid
26 through a small bleed hole in order tomove forward. Prefembly the gas is air and the blesd hole
‘ s tuned so that the dampening or is less:than the darapening produced from administering the |
agent through the injection needle. Tn such a case, the pas dampening will only affect the rate of
the drive meghanism until it contacts the syringe at which point the damp;e:ning produced from
- administering the agent.through the injection needle will be the limiting factor affecting agent
- 25 administration.

Automatic/Passive Stick Prevention . o
Post treatment the electrodes and injection needle present a hazard for needie sticks and
+transfer of blood borne pathogens. Therefore it is desirable that the apparatus includes integeal

30 stickprotection. Moreover it is desirable that the stick protection is both automatic and passive.
Antomatic stick protection will eliminate possible injury when manually deploying the stick
protection and it aiso eliminates the. possible failure mode of not deploying the stick protection.



20 a mused device cannot be assured. It is therefore desirable to include features in the apparatus
that prevent reuse. The apparatus herein described includes three features that prevent reuse. The
stick shield 250 locks in an extended position preventing the electrodes and needle from being
insetted into the patient The syringe is permanently attached to the cartridge when it is inserted, 25 so
the syringe cannot be detached to reload it with the agent. Finally, after electiode insertion the
cartridge hub/collar configuration is fixed with the hub inserted into the collar. In this configuration the
cartridge will not prime the insertion and injection spring mechanisms. Also in this configuration the
cartridge identification coMacts in the applicator will not communicate with.the cartridge so the control
system will not recognize the cartridge and will prevent 30 treatment Those skilled in the art will
recognize that th re.are other suitable means fotr?ﬁrev,erting muse, One such method is to incorporate

a fuse into the ca‘gr?rl%e%ﬁ@%ﬁ%ﬁ?&&ﬁﬁ“ﬁﬁ AOVBBARE Genr SoPekEe Biele (@weat at the end
of the treatment A§efteioswebefiondsiiatiosilie sty recieticreetid gadwriteploydique serial number that is
read by the applicator.Crbgpiiss gaparatar vray td@ﬁ[g&bﬁﬁ@i@&;@&@@ggﬁ,@g&img ?g@ggtgaeatments
through cartridge: i alrea en read.and stored. Manufacturability In
order to be well %ﬁ%@%ﬁ%ﬁ%ﬁ?ﬁ%ﬁ%@m , th%r}%nﬁfﬁ%% r‘%ﬁlg‘f%%é%t ofa %l%ﬁ?}elﬁ%‘@%artridge
should be as’low? 38 PEssTBfksPiT S SRR HIHSp ORFGE Mtam mettishiciatristteraliage
configurations neaysfsieségtardendickéinaicadsangdho biloseisyrestsibaticforargivend Eagent One
methodfoI.] reduc@@wm&gg@g ﬁgﬁ@%ﬂm@mg@glgp@@g@g&gﬁg%@g%%isshﬁ(gduéiIize
many of the sa t-ain the. multiple cartri onfigurations, This approach will reduce
costs including n&%ﬁ%ﬁ %%%%% 1% 1%% e g@g 52%%%%3}39% %%§ 25(‘)S gi%g %{ﬁcarf ﬂ‘ii/eélé% ﬁ%f%)%e&g'sﬁg handling
costs. . In the sfEETR LGP MRssiradbe TR reBrettede Mot deraydcentiination is 15
modified byleharging:diresyeemetsyiohonbpilient lectnile 260iAabe p-261Raa1t bRistaland of
the-electrode charggs de-iativa hesition afhamenelatiogend.afihs lsstigdes within the cartridge
and thus changgsﬁgile' arr; %ﬁco fi%uration. Th%ig thidge components are designed to accept multiple

electrode geométries And eé?e%_%oé’atﬁeﬁtédﬁf P A G T B cREoR PP oY AfBns.
Additionally the gthlgeiteipchiektéfeetbredirgesined to snap together and .20utilize the bend in

the electrode to securely capture the electrodes between the cartridge

‘15 SingleUse
' 7 Users may attempt fo reuse the single use cariridge to save costs or o apply an off labe]
agent, Reusing the cariridge may affect the safety and efficacy of the treatment. For instance
'c‘éaﬁngs on the electrodes that may be uiflized to assure biocompatibility may not.withstand
‘multiple uses so the treatment may produce a toxic resté".{t in the patient. Additionally, sterility of ‘
20 - areused device cannot be assured. It is therefore desirable to include features in the apparatus
-that prevent reuse. o . .
The apparatus hierein described inclndes fhree fatures that prevent revse, The stick
‘shield 250 locks in an extended posifion preveniing the electrodes aud needle from being
iuserted info the patient. The syringe is permanently atiached to the cartiidge when it is inserted,
25 ‘sothe syri_nge cannot be detached to reioad it with the agent. Finally, afier eIectrodé inserfion -

* the cartridge hub/collar configuration is fixed with the hub inserted into the coliar. In fhis
configuration the cartridge will not prime the insertion and injection spring mechanisms, Alsoin
this conﬁg:;mﬁon the cartridge identification contacts in the applicator will not communicate

. with the cariridge so the control system will not recognize the cariridge and will prevent ,
30  weatment. _ o .
' Those skilled in the arf will recognize that there are other suitabie means for preventing
reuse, One such method is to incorporaﬁe‘a fuse o the cariridge and apply 2 signél: from the



components. This approach further reduces fabrication costs by elimination more cosfiyjoinhig
techniques such as adhesive joints, solvent bonding, insert molding and ultrasonic welding. All
patents and patent applications cited in this specification are hereby incorporated by 25 reference-as if
they had been specifically mut individually indicated to be incorporated by reference. Although the
foregoing invention bas-been described in some detail by way of illustration and Example for purposes
-of clarity and understanding, it will be apparent to those of ordinary  skill in the art in light of the
disclosure that certain changes and modifications may be made 30 thereto without departing from the
spirit or scope of the appended claims. 21 CLAIMS 1.An apparatus for the intracellular delivery of a
therapeutic agent to a predetermined site within the tissgie of a patient comprising: a) fluid

reservoir for contaiging afhecapeutic agent said res r operatively connected to at least one
injection orifice; b(gﬁgléuatlon means c%?q ig 3?% ei{o {)trlrén o‘%‘i‘?é‘i‘%\rp% Efitageihteidewgh said
orifice to the prede%rm Sity Wﬁé%gﬁéﬁéﬁ%ﬁ@tﬁaﬂ@ﬁy the apmticatqpl UPadipnied gmeatsating

electrodes arrangetiidipietieterainad spatiniaelpilpraiipins o StRIMALMGARS INcRrporating

operative connectibig iesmgisbasaritating,.glectrodes, said fluid reservoir, and said injection “orifice
wherein said sgructural means is configured to allow disposition of said plurality of electrodes and said

injection orifice within the tissue of a patient according to a predetermined spatial relationship; e)
inanimate source %@ﬁ@?&%&?aﬁvely connected to said actuation means wherein said source of

energy is configured to &ppiieaidbroe:nbaibnstada-prungtdhch Newlons) hrgugh said fuid reservoir
to said therapeutic:agemtdaBonid be as fow as possible. In additior, when applying EMTAD multiple '
-electrode amay configurations mmay be required {o deliver a range of doses preseribed fora given
i0 | -agent, Ons method of reducing manufacmnng costs while producing multiple anay
- confgurations is to uiilize many of the same compﬂnents in the paulfiple cartridge
cuaﬁguratlons Thts approach will reduce costs including but not limited to toohng costs,
Inventory costs, quality sontrol costs and handling costs.
-In the-specific embodiment iliustrated in Figure 5, the slectrode array configuration is
15 . modified by chinging the geometry.of only the elsctrodes 260. A bend 262 near the distal ond of
‘the electrode changes the relative position of the penetrating end of the elecirodes- Withm the
cartridge and fhuis changes thé areay configuration. The caﬂndge components are desxgnad 10
accept muitzple electrode geometries and therefore can be ufilized i multiple elesirode armay
cenﬁgutaﬁons Additionally the cariridge components have been designed to snap together and
E 20 - utilize the bend in the electrods to securely capture the electrodes between the carfridge
components, This approach further reduces fabrication costs by elimination more cosfly’ Jozﬁmg
technigues such as adhesive joints, solvent bonding, insert molding and ultrasonic welding,

All patents and patent applications cited in thxs specification are hereby incorperated by
25 reference-as if they had been specifically and individually m&c&ted to be-incorporated by
. reference.

- Alfaough the foregoing invention has. been described in some detail by way of illustration
and Example for purposes-of clazity and tmdemmnmng, it will be-apparent to those of ordinary
skill ine the avt fu Hght of the disclosure that certain changes and modifications may be made

: 30 thereto without depariing from fhe spirit or scope of the appended claims.



f) means for generating an electrical field which facilitates the intracellular delivery of said therapeutic
agent, which means is operatively connected to said electrodes at least in their deployed state. 2.The
apparatus as recited in claim | wherein the source of energy to transfer the therapeutic agent from the
reservoir through the orifice is at least one spring. 3.The apparatus as recited in claim | wherein the
source of energy to transfer the therapeutic agent from the reservoir through the orifice is at least one
compressed gas. 4.The apparatus as recited in claim | wherein the source of energy to transfer the
therapeutic agent from the reservoir through the orifice is a linear motor. 5The apparatus as recited in
any one of theqrageed ig claims wherein the reservoir and orifice comprise a syringe and hypodermic
needle. 22 6. The apparatus as recited in claim 5 wherein the syringe is provided pre-filled with
the therapeutic agent 7. The apparatus as recited in any one of the preceed ng claims wherein the
reservoir is a glass vial. A3 Ppherapprdbesrasaditediah any dnehofdeipregeeding claims wherein
the electrodes coipRiSE A sﬁl@@ﬁﬁﬁqm'M&@%‘F%Qﬁﬁ%&%{%wgﬁmm the inanimate source of energy.

9. The apparatus as recited in any one of the preceeding claims wherein the reservoir and orifice
comprise a subasserfbly thEP Y Yo P craaitionT ther RaHinteasstifcessraiiorpatively 10. The
apparatus as regitecldt tanylanecnt thediecediting claims wherein the electrodes, reservoir, and orifice
are housed within a sg'p_gle sa%pu% sembly that %’939‘%‘0%%%%‘@{%% Jr?m the jnanimate source of energy.

n mea ontl therapeutic agent through sail
[1.The apparatus as recited In any one 0]5'[ e p‘T'eceedlng claims W]he eln fhé &

orifice to the predetermined site within the tissue of the patient;

c) a plurality of penetrating elecirodes arranged in a predetermined spatial
relationship;
d) structural means incorporating operative connections for said penetrating

electrodes, said fluid reservoir, and said injection orifice wherein said structural means is
configured to allow disposition of said plurality of electrodes and said injection orifice within
the tissue of a patient according to a predetermined spatial relationship;

e) inanimate source of energy operatively connected to .said actuation means
wherein said source of energy is configured 1o apply a force of at least 0.25 pounds (1.1
Newtons) through said fluid reservoir to said therapeutic agent; and

) means for generating an electrical field which facilitates the intracellular
delivery of said therapeutic agent, which means is operatively connected to said electrodes at
least in their deployed state.

2. The apparatus as recited in claim 1 wherein the source of energy to transfer

the therapeutic agent from the reservoir through the orifice is at least one spring.

3. The apparatus as recited in claim 1 wherein the source of energy to transfer

the therapeutic agent from the reservoir through the orifice is at least one compressed gas.

4. The apparatus as recited in claim | wherein the source of energy to transfer

the therapeutic agent from the reservoir through the orifice is a linear motor.

5 The apparatus as recited in any one of the preceeding claims wherein the

reservoir and orifice comprise a syringe and hypodermic needle.



electrodes comprise a conductive metal coated with a conductive, electrochemically stable compound.
12. The apparatus as recited in claim 11 wherein said conductive, electrochemically stable compound
is at least one material selected from the group consisting of: titanium nitride, platinum, platinum
iridium alloys, and iridium oxide. 13. The apparatus as recited in any one of the preceeding claims
wherein the means for generating an electrical field ia onfigured to induce an electrical field of from
approximately 50 to approximately 300 V/cm between at least two of said electrodes. 14. The
apparatus as recited in any one of the preceeding claims wherein the means for generating an

electrical field is configured tg,dgliversaid fielddor aighrationeffiamappeaximatabs haoiargsecond to
approximately 100 milliseconds and at a frequency of from approximately 0.1 Hertz to approximately 1

megahertz to at'{B4& 5 RTESiREE I ctrodes.

7. The apparatus as recited in any one of the preceeding claims wherein the

reservoir is a glass vial.

8. The apparatus as recited in any one of the preceeding claims wherein the

electrodes comprise a subassembly that can be separated from the inanimate source of energy.

9. The apparatus as recited in any one of the preceeding claims wherein the
reservoir and orifice comprise a subassembly that can be separated from the inanimate source

of energy.

10. The apparatus as recited in any one of the preceeding claims wherein the
electrodes, reservoir, and orifice are housed within a single subassembly that can be separated

from the inanimate source of energy.

. The apparatus as recited in any one of the preceeding claims wherein the
electrodes comprise a conductive metal coated with a conductive, electrochemically stable

compound.

i2. The apparatus as recited in claim 11 wherein said conductive,
electrochemically stable compound is at least one material selected from the group consisting

of: titanium nitride, platinum, platinum iridium altoys, and iridium oxide.

i3 The apparatus as recited in any one of the preceeding claims wherein the
means for generating an electrical field is configured to induce an electrical field of from

approximately 50 to approximately 300 V/cm between at least two of said electrodes.

14. The apparatus as recited in any one of the preceeding claims whetein the
means for generating an electrical field is configured to deliver said field tor a duration of
from approximately | microsecond to approximately 100 milliseconds and at a frequency of

from approximately 0.1 Hertz to approximately 1 megahertz to af least two of said electrodes.



