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DARBY & DARBY P-C- Apparatus (20) for application to skin of a subject is pro 
P- 0- BOX 5257 vided. The apparatus includes a board (30) having a ?rst 
NEW YORK, NY 10150-5257 (Us) surface and a second surface, the ?rst surface including a 

_ _ _ plurality of ablation electrodes (41), Which are adapted to be 
(73) Asslgnee' Transpharma Medlcal Ltd" Yehud (IL) applied to the skin, and the second surface including one or 

_ more contact pads (32), each one of the contact pads 
(21) Appl' NO" 10/511’966 electrically coupled to at least one of the ablation electrodes. 

- _ The apparatus further includes one or more driving elec 22 F1 d. D .30 2004 
( ) 1 6 EC ’ trodes (28). An energy applicator (e.g., motor 22), coupled 

Related US Application Data to the driving electrodes, is adapted to pass the driving 
electrodes over the contact pads. A poWer source (e.g., 

(60) Provisional application No. 60/374,224, ?led on Apr. Power unit 102) is adapted to drive a Current from the 
19, 2002' driving electrodes, to the contact pads, and to the ablation 

electrodes. The current is capable of ablating at least a 
Publication Classi?cation portion of stratum corneum of the skin in a vicinity of the 

ablation electrodes, so as to facilitate transderrnal transport 
(51) Int. Cl.7 ..................................................... .. A61N 1/30 of a substance. 
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HANDHELD TRANSDERMAL DRUG DELIVERY 
AND ANALYTE EXTRACTION 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims priority from US. Provi 
sional Patent Application 60/374,224, ?led Apr. 19, 2002, 
entitled, “Rotary handheld transdermal drug delivery and 
analyte extraction,” Which is assigned to the assignee of the 
present patent application and incorporated herein by refer 
ence. 

FIELD OF THE INVENTION 

[0002] The present invention relates generally to methods 
and devices for drug delivery and analyte extraction, and 
speci?cally to medical methods and devices for puncturing 
the outer layer of living skin and to methods and devices for 
transdermal transport of a substance. 

BACKGROUND OF THE INVENTION 

[0003] A number of different methods have been devel 
oped to perform transdermal drug delivery and/or analyte 
extraction, including passive diffusion of a drug or analyte 
betWeen a skin patch and skin, as Well as active processes 
such as iontophoresis, sonophoresis, electroporation, and 
chemically enhanced diffusion. These methods are primarily 
used for generating transdermal movement of small mol 
ecules, but generally do not enhance the motion of large 
molecules through the 10-50 micron thick outermost layer of 
the skin, the stratum corneum epidermidis. 

[0004] PCT Publication WO 97/07734 describes thermal 
ablation of the stratum corneum using an electrically resis 
tive element in contact With the stratum corneum, such that 
a high current through the element causes a general heating 
of tissue in its vicinity, most particularly the stratum cor 
neum. 

[0005] Us. Pat. No. 5,019,034 to Weaver et al., Whose 
disclosure is incorporated herein by reference, describes 
apparatus for applying high voltage, short duration electrical 
pulses on the skin to produce electroporation, and states that 
“. . reversible electrical breakdoWn . . . along With an 

enhanced tissue permeability, is the characteristic effect of 
electropuration.” 

[0006] US. Pat. Nos. 5,885,211, 6,022,316, 6,142,939 and 
6,173,202 to Eppstein et al., Which are incorporated herein 
by reference, describe methods for forming micropores in 
the stratum corneum by heating tissue-bound Water above 
the vapor point With a heat conducting element, so as to 
enhance transdermal transport of an analyte or active sub 
stance. Further enhancement techniques include the use of 
sonic energy, pressure, and chemical enhancers. 

[0007] Us. Pat. No. 5,688,233 to Hofmann et al., Which 
is incorporated herein by reference, describes a method of 
transdermal molecular deliver), including providing mol 
ecules to be delivered mixed With particles, contacting a 
selected area of a skin surface With the particles and mol 
ecules, applying a pulsed electric ?eld of suf?cient ampli 
tude and duration to induce dielectric breakdoWn of the 
stratum corneum, and applying a pressure to the molecules 
to force transport of the molecules through the pores in the 
stratum corneum into the underlying skin. 
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[0008] US. Pat. No. 5,318,514 to Hofmann, Which is 
incorporated herein by reference, describes an apparatus for 
implanting macromolecules such as genes, DNA or phar 
maceuticals into a preselected surface tissue region of a 
patient. An applicator having a plurality of electrodes is 
provided for contacting a surface tissue region of a patient. 
A mechanism associated With the applicator delivers a 
predetermined quantity of a ?uid medium carrying the 
preselected macromolecules. A signal generator is provided 
for generating a predetermined electric signal. The elec 
trodes of the applicator are connected to the signal generator 
for applying an electric ?eld in the surface tissue region. The 
?eld has a predetermined strength and duration in order to 
make the Walls of a plurality of cells in the surface tissue 
region transiently permeable to permit the macromolecules 
to enter said preselected cells Without damaging said cells. 
This technique is described as enhancing the uptake of 
macromolecules and thus enhancing the therapeutic effect 
achieved. 

[0009] US. Pat. No. 5,462,520 to Hofmann, Which is 
incorporated herein by reference, describes a method of 
transtissue molecular delivery that includes encapsulating 
molecules to be delivered in a microbubble carrier, contact 
ing a selected area of a tissue surface With a solution of the 
encapsulated molecules, and applying an electric ?eld of 
suf?cient amplitude to induce electrofusion betWeen the 
tissue and the membrane of the microbubble. 

[0010] US. Pat. No. 5,464,386 to Hofmann, Which is 
incorporated herein by reference, describes a method of 
transdermal molecular delivery that includes encapsulating 
molecules to be delivered in a vesicle, contacting a selected 
area of a tissue surface With a solution of the vesicles, and 
applying a pulsed electric ?eld of suf?cient amplitude to 
induce dielectric breakdoWn of the stratum corneum and to 
induce transport of the intact vesicle through the pores in the 
stratum corneum into the underlying tissue to enable diffu 
sion of molecules into the tissue. 

[0011] US. Pat. No. 3,964,482 to Gerstel, US. Pat. No. 
6,050,988 to Zuck, and US. Pat. No. 6,083,196 to Trautman 
et al., Which are incorporated herein by reference, describe 
other apparatus and methods for facilitating transdermal 
movement of a substance. 

[0012] US. Pat. No. 6,148,232 to Avrahami, Which is 
assigned to the assignee of the present patent application and 
is incorporated herein by reference, describes apparatus for 
applying electrodes at respective points on skin of a subject 
and applying electrical energy betWeen tWo or more of the 
electrodes to cause cell heating and subsequent ablation of 
the stratum corneum primarily in areas near the respective 
points. Various techniques for limiting ablation primarily to 
the stratum corneum are described, including spacing of the 
electrodes and monitoring the electrical resistance of skin 
betWeen adjacent electrodes. 

[0013] Electrosurgery is commonly used during surgical 
procedures today, particularly in endoscopic and laparo 
scopic surgery Where direct access to the tissue being 
dissected is limited. Electrosurgery involves applying radio 
frequency electric current to electrodes Which are used to 
sever tissue or achieve homeostasis. A publication entitled 
“Instruction Manual for the Force 2 Electrosurgical Genera 
tor” (Valleylab/Tyco Healthcare Group LP, Boulder, Colo.), 
Which is incorporated herein by reference, describes the 
modes of operation of electrosurgical devices. 
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[0014] Us. Pat. No. 6,159,194 to Eggers et al., Which is 
incorporated herein by reference, describes electrosurgical 
apparatus and methods for inducing tissue contraction, With 
out ablation or dissociation of surrounding tissue, in order to 
reduce Wrinkles in skin. 

[0015] Us. Pat. Nos. 6,066,134 and 6,024,733 to Eggers 
et al., Which are incorporated herein by reference, describe 
electrosurgical apparatus and methods for ablating outer 
layers of skin for the treatment of unWanted tissue pigmen 
tations, melanomas, and other skin disorders. 

[0016] Us. Pat. No. 6,090,106 to Goble et al., Which is 
incorporated herein by reference, describes monopolar and 
bipolar electrosurgical instruments for ablating gross tissue, 
such as the prostate or endometrial tissue. 

[0017] Us. Pat. No. 4,943,290 to ReXroth et al., Which is 
incorporated herein by reference, describes electrosurgical 
apparatus in Which a nonconductive ?uid is transported to 
the region of an electrode in order to isolate the electrode 
and prevent undesirable damage of surrounding tissue. 

[0018] PCT Publication WO 02/085451 to Avrahami et al., 
and the corresponding U.S. patent application Ser. No. 
09/840,522, Which are incorporated herein by reference, 
describe a skin treatment device that includes a plurality of 
electrodes, Which are adapted to be placed in contact With 
the skin and then moved across the skin While maintaining 
electrical contact With the skin. The device additionally 
includes a poWer source, Which is adapted to apply a current 
between tWo or more of the plurality of electrodes at the 
same time as the electrodes are being moved across the skin. 

[0019] PCT Publication WO 02/091934 to Avrahami et al., 
and the corresponding U.S. patent application Ser. No. 
09/859,645, Which are incorporated herein by reference, 
describe a device for facilitating transdermal passage of a 
substance through skin on the body of a subject. The device 
preferably includes an electrode and a control unit. In a 
preferred embodiment, the control unit is adapted to drive 
the electrode to apply to the skin a current capable of 
ablating stratum corneum epidermidis of the skin, so as to 
facilitate transdermal passage of the substance. The control 
unit detects generation of at least one spark responsive to 
application of the current, and modi?es a parameter of the 
current responsive to detecting the generation of the at least 
one spark. 

SUMMARY OF THE INVENTION 

[0020] In some preferred embodiments of the present 
invention, a handheld device for facilitating transdermal 
transport of a substance, such as a drug, comprises (a) a 
plurality of ablation electrodes, Which are to be placed in 
contact With skin of a subject, (b) a plurality of electrically 
conductive contact pads, each contact pad electrically 
coupled to one or more of the ablation electrodes, (c) one or 
more driving electrodes, (c) a handle, and (d) a control unit, 
adapted to apply current to the driving electrodes, and to 
rotate the driving electrodes so as to cause them to inter 
mittently come in contact With each contact pad, thereby 
causing the ablation electrodes coupled to that contact pad to 
drive the current into the skin. As a result, at least one 
micro-channel is created in the stratum corneum of the skin, 
enabling or augmenting transdermal transport of the sub 
stance. Preferably, the handheld device comprises a motor 
for rotating the driving electrodes, and the driving electrodes 
comprise brush electrodes. 
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[0021] In some preferred embodiments of the present 
invention, the handheld device comprises an electrode 
board, Which is mechanically and preferably removably 
coupled to the handle. The upper surface of the electrode 
board comprises the contact pads, and the loWer surface of 
the electrode board comprises the ablation electrodes. Pref 
erably, but not necessarily, each contact pad is electrically 
coupled to a plurality (e.g., four) of the ablation electrodes. 
The electrode board is typically discarded after a single use. 

[0022] In other preferred embodiments of the present 
invention, the handheld device comprises a contact board, 
Which is mechanically coupled to the handle. The loWer 
surface of the contact board comprises contact board con 
tacts, and the upper surface of the contact board comprises 
the contact pads, each of Which is electrically coupled to at 
least one of the contact board contacts. The handheld device 
further comprises an electrode cartridge, Which is removably 
coupled to the handheld device. The loWer surface of the 
electrode cartridge comprises a plurality of ablation elec 
trodes, Which are held in a vicinity of the skin of the subject. 
The upper surface of the electrode cartridge comprises 
cartridge contacts, each of Which is electrically coupled to at 
least one of the ablation electrodes, preferably to a plurality 
(e.g., 2-10) of the ablation electrodes. When the electrode 
cartridge is coupled to the handheld device, the cartridge 
contacts make electrical contact With the contact board 
contacts. As a result, When a driving electrode makes contact 
With a contact pad, a current is driven (a) from the driving 
electrode, (b) to the contact pad, (c) to at least one contact 
board contact, (d) to at least one cartridge contact, (e) to at 
least one ablation electrode, and into the skin of the 
subject. Preferably, the electrode cartridge is discarded after 
a single use. 

[0023] In some preferred embodiments of the present 
invention, the handheld device comprises a rotation assem 
bly, Which comprises a rotational energy applicator, such as 
a motor or a manual crank. For some applications, the 

rotation assembly comprises a support element, such as a 
manifold, comprising the driving electrodes. Alternatively, 
the rotation assembly comprises a rotating disk that is driven 
by a driving gear, the disk comprising the driving electrodes 
and being con?gured such that the driving electrodes are 
arranged in one or more generally radial lines on the disk. 
Preferably, the rotation assembly comprises a position sen 
sor, Which monitors the motion of the support element or the 
rotating disk, as the case may be, so as to facilitate the 
controlled ablation by some or all of the ablation electrodes 
of stratum corneum in contact thereWith. 

[0024] In some preferred embodiments of the present 
invention, the electrode board or contact board, as the case 
may be, comprises a printed circuit board (PCB), preferably 
a multi-layered PCB. Contact pads on the upper surface of 
the PCB are electrically coupled to at least one contact board 
contact or ablation electrode, as the case may be, over one 
or more traces, as is knoWn in the art of PCB design and 
fabrication. The use of a PCB, particularly a multi-layered 
PCB, alloWs contact board contacts or ablation electrodes, as 
the case may be, to be readily placed at locations other than 
in the vicinity of the respective contact pads to Which they 
are electrically coupled. 

[0025] In some preferred embodiments of the present 
invention, the handheld device comprises a plurality of 
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power tracks, e.g., three, on the electrode board or contact 
board, as the case may be, preferably corresponding to the 
number of contact pads in each line extending radially from 
the center of the electrode board or contact board. The poWer 
tracks are coupled by poWer transfer elements to the contact 
pads. A ?rst end of each poWer transfer element comprises 
a track contact, Which comes in electrical contact With the 
poWer tracks as the poWer transfer element rotates. Asecond 
end of each poWer transfer element comprises a driving 
electrode, Which comes in electrical contact With at least a 
portion of the contact pads as the poWer transfer element 
rotates. For some applications, each poWer transfer element 
is a shaped piece of metal, one end of Which (de?ning the 
track contact) is brought into electrical contact With the 
poWer track, and the other end of Which (de?ning the driving 
electrode) is brought into electrical contact With the contact 
pads. Typically, but not necessarily, only one poWer transfer 
element is in contact With a given poWer track at any time, 
and the control unit only applies poWer to one poWer track 
at a time. 

[0026] In some embodiments of the present invention, the 
PCB comprises at least tWo non-conducting layers, an upper 
non-conducting layer and a loWer non-conducting layer, 
Which are separated by a conducting layer. Contact pads on 
the upper non-conducting layer are electrically coupled to 
electrodes or contact board contacts mounted on the skin 
facing side of the loWer non-conducting layer. The conduct 
ing layer serves as a ground, by virtue of being electrically 
coupled to a negative terminal of the poWer unit. A capaci 
tive element is naturally formed by the loWer non-conduct 
ing layer separating the conducting layer and the contact 
board contacts or electrodes. Therefore, handheld devices 
that comprise this PCB assembly preferably do not comprise 
a return electrode, in contact With the skin, that is speci? 
cally designated to function as a ground. Instead, all of the 
ablation electrodes or contact board contacts, as the case 
may be, preferably “see” a small capacitance to ground, such 
that current injected through one of the ablation electrodes 
or contact board contacts sees a relatively-loW resistance to 

ground via the capacitive coupling to ground provided by 
the other electrodes in this con?guration. 

[0027] In some preferred embodiments of the present 
invention, the handheld devices comprise electrode sets 
comprising at least tWo Wires, Which are bent and crossed 
With one another at about the middle of each Wire, such that 
the ends of the Wires substantially form a plane. Preferably, 
cone- or pyramid-style pieces (or pieces having other 
shapes) surround and support the ends of the Wires, a portion 
of Which protrude from the pieces and function as the 
ablation electrodes. The point de?ned by the intersection of 
the Wires of the electrode set is brought in electrical contact 
With a contact board contact. Alternatively, a coupling 
member, electrically coupled to and in contact With the 
intersection point, is brought in electrical contact With a 
contact board contact. Preferably, the Wires of the electrode 
set are shaped so as to de?ne an angular bend, such as a 
crimp or a 90 degree bend, as they pass through the cone- or 
pyramid-style piece, in order to enhance the friction effect 
holding the Wires in place in the pieces. Typically, the Wires 
have a diameter less than about 150 microns. 

[0028] In some preferred embodiments, electrodes are 
activated in an activation sequence pursuant to Which the 
distances betWeen each activated electrode and the succes 
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sively activated electrode are generally greater than such 
distances Would be pursuant to a random activation 
sequence. Larger distances betWeen successively-activated 
electrodes generally minimiZes any sensation of pain or 
discomfort that a subject might experience during ablation. 
For some applications, an activation sequence is generated 
by dividing an area including ablation electrodes into 
regions, such as rectangular regions, arranged in a grid, each 
region containing a plurality, of electrodes. A sequence of 
regions is determined such that sequential regions are at 
least a minimum threshold distance apart. During ablation, 
the device cycles through the regions, so that sequentially 
activated regions are generally at least a minimum threshold 
distance apart, and activates an electrode in each region. The 
sequence is typically cycled through at least tWice, With a 
different electrode in each region preferably activated each 
time the sequence is repeated. Since sequential regions are 
at least the minimum threshold distance apart, each electrode 
Within a region is at least the minimum threshold distance 
apart from the electrode activated in the next region in the 
sequence. Therefore, the sequence of activating electrodes 
Within a given region during successive cycles of the 
sequence is generally not important, Which affords ?exibility 
in designing a contact board. In a preferred embodiment, 
sequential regions are at least the distance of a “knight’s 
jump” (as in a game of chess) from one another, or are 
separated by at least one intervening region. The sequence is 
preferably con?gured to attempt to maximiZe both the 
average distance betWeen sequentially activated electrodes 
and the minimum distance betWeen sequentially activated 
electrodes. 

[0029] When forming micro-channels in the stratum cor 
neum, it is generally desirable to apply the minimum energy 
necessary to successfully form the micro-channels. Mini 
miZing the applied energy reduces device energy require 
ments, Which is particularly bene?cial for battery-operated 
devices. Applying less energy may also reduce any sensation 
a subject might feel during ablation. While an appropriate 
voltage to apply can be pre-con?gured in an ablation device, 
it is desirable in some applications to calibrate the applied 
voltage at least once per use of the device. Such repeated 
calibration is bene?cial because the impedance of stratum 
corneum varies from subject to subject, and even from time 
to time Within a given subject (for example, because of 
varying moisture levels of the stratum corneum). Further 
more, for some applications, it is desirable to separately 
calibrate the applied voltage for many of the ablation 
electrodes or for each ablation electrode in an array of 
electrodes, because the impedance of stratum corneum 
sometimes varies even over a small area of skin. 

[0030] In some preferred embodiments of the present 
invention, this calibration is performed using a technique of 
“feed-forward,” as folloWs. A set of ablation electrodes is 
applied to the skin of the subject. Using at least one ablation 
electrode, a brief calibration burst of energy is applied to the 
stratum corneum. The calibration burst is applied at a 
relatively loW energy level (e.g., a loW voltage or a loW 
current), such that ablation substantially does not occur, and 
no sensation is typically felt by the subject. Aparameter of 
the calibration burst (e.g., current or voltage), generally 
indicative of a level of impedance in the stratum corneum, 
is measured. Responsive to the measured parameter, an 
appropriate energy level, such as a voltage or a current, to 
















































